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Foreword
 
Dear colleague, 
 
Thank you for your interest in the Making Choices in 
Anaesthesia program. This educational initiative includes 
a number of activities including meetings, practice review 
and online learning, offering participants an opportunity 
to earn ANZCA credits in all four CME categories. 
To access other components of the program, please visit 
the website at: www.mcia.choicescpd.com 

We are indebted to our educational faculty who have 
each prepared a case study. These vignettes are designed 
to facilitate reflection upon the issues surrounding 
individualised anaesthetic plans and choice of inhalational 
agent. I hope that you also find the introductory section 
a useful refresher prior to reviewing the case studies. 
This section was produced with assistance from the 
entire faculty, particularly Dr Peter Moran and Associate 
Professor Ross Kennedy.

Allori would like to thank the following individuals for their assistance 
in publishing this book: Naomi Adam (managing editor) and Fionna Yao 
(graphic design, studio and production manager).

Dr Adam Tucker,  
Medical Director 

Advancing healthcare education   

Allori Academy 
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Level 1, 231 Burwood Rd 
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Phone: +61 3 8862 4700 

Fax: +61 3 8610 0345 

Email: enquiries@allori.edu.au

Sydney Office: 

Level 5, 456 Victoria Rd 

Gladesville, NSW 2111 
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Introduction
The development of modern inhaled anaesthetic 
agents has been driven by a number of factors 
including the need for improved operative and 
postoperative patient management and concerns 
about the toxicity of older agents.

Isoflurane was the mainstay of inhalational 
anaesthesia in the 1980s. However, changes in clinical 
practice such as the increasing use of anaesthesia for 
outpatient procedures, created a need for inhaled 
anaesthetics that allow a more rapid recovery than 
that of chlorinated–fluorinated agents such as 
isoflurane.1 

Halogenation exclusively with fluorine produced 
inhaled anaesthetic agents such as desflurane and 
sevoflurane, which have lower solubility in the 
blood and tissue compared with the chlorinated–
fluorinated anaesthetic agents that preceded them.2 
The lower blood and tissue solubility of desflurane 
and sevoflurane results in more rapid onset and 
elimination of these agents.3 

The ‘ideal’ anaesthetic

Although desflurane and sevoflurane offer additional 
benefits compared with older anaesthetic agents, 
no single anaesthetic agent is suitable for all patients 
or surgical requirements. A range of individualised 
therapeutic approaches, that capitalise on the 
advantages of individual agents and minimise their 
disadvantages in particular settings, is most likely 
to approximate the delivery of an ‘ideal’ anaesthetic 
agent. Different anaesthetic agents may be more 
suited to induction, maintenance and emergence in a 
given patient.
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The combination of anaesthetic agent and anaesthetic 
adjuvant chosen must provide:

rapid control of the anaesthetic state (immobility,  •
lack of awareness and amnesia);

optimum conditions for surgery (immobility,  •
muscle relaxation and control of vital functions);

rapid and smooth recovery ; and •

safety. • 1

Induction of anaesthesia

Rapid induction of anaesthesia may be accomplished 
using a potent inhaled anaesthetic or an intravenous 
anaesthetic. Sevoflurane provides smooth and rapid 
induction of anaesthesia, with more rapid induction 
and recovery than halothane.1 Induction is fastest with 
intravenous agents such as propofol .4,5

Opioid agents (e.g. fentanyl, alfentanil, remifentanil) 
can also be administered during induction to suppress 
responses to noxious stimuli such as incision or 
manipulation of the airway.1

Maintenance of anaesthesia

Maintenance of anaesthesia was traditionally achieved 
with the use of 50–70% nitrous oxide (N2O), combined 
with a potent inhaled anaesthetic agent and oxygen. 
Concentrations of 2–6% desflurane, 0.8–2.0% 
sevoflurane or 0.4–1.15% isoflurane can be used to 
attain anaesthesia. Other agents administered during 
maintenance of anaesthesia such as midazolam, 
fentanyl and propofol can decrease the requirement 
for potent inhaled anaesthetic.1
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Modern anaesthetic practice is moving away from 
the routine use of N2O. Instead, medical air or high 
inspired oxygen mixtures are becoming more 
common.6 In some situations, anaesthesia is provided 
by intravenous agents alone, or in combination with 
inhaled agents.

Recovery from anaesthesia

The need to accomplish rapid awakening (including 
the restoration of the patient’s capacity to maintain 
their airway), minimisation of postoperative pain and 
prevention of postoperative nausea and vomiting are 
key issues guiding management of the recovery phase 
of anaesthesia.1 

The low solubility of desflurane should allow for 
a more rapid complete recovery from anaesthesia 
than with isoflurane or sevoflurane.3,7 However, 
a single parameter does not capture the complex 
pharmacokinetic and pharmacodynamic properties 
seen in practice. In numerous clinical studies and 
in computer simulations, the differences in the time 
course of recovery from sevoflurane or desflurane 
anaesthesia were minimal.8 

In principle, postoperative pain may be reduced 
following desflurane compared with isoflurane.7 
The effect of sevoflurane on postoperative pain is 
probably somewhere between these two agents.1 
This is because residual anaesthesia (at 0.1 minimal 
alveolar concentration [MAC]) may increase pain 
perception (i.e. hyperalgesia).9 Anaesthesia with 
desflurane has been found to result in a much more 
rapid transition through 0.1 MAC compared with more 
soluble agents such as sevoflurane and isoflurane 
particularly following procedures lasting greater 
than 90 minutes.10,11 In patients with recognised risk 
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factors prophylactic administration of antiemetics 
may be indicated to prevent postoperative nausea and 
vomiting (PONV). 

Pharmacology of 
inhaled anaesthetics

Partition coefficients

The solubility of an inhaled anaesthetic agent in blood 
and tissue determines both the speed of induction and 
recovery from anaesthesia. 

The blood/gas partition coefficients of desflurane 
and sevoflurane are considerably lower than those of 
isoflurane and halothane. Desflurane has a blood/gas 
coefficient that is very similar to nitrous oxide (Table 1).

Desflurane and sevoflurane also have tissue/blood 
partition coefficients that are considerably lower than 
for isoflurane and halothane. Desflurane has tissue/
blood partition coefficients that are closer to nitrous 
oxide than those of sevoflurane.

Table 1. Tissue/blood partition coefficients for inhaled 
anaesthetic agents

TISSUE Nitrous 
oxide Desflurane Sevoflurane Isoflurane Halothane

Blood/gas 0.46 0.45 0.65 1.40 2.40
Brain 1.07 1.22 1.69 1.57 1.88
Heart 1.02 1.22 1.69 1.57 1.70
Liver 1.49 2.00 1.86 2.29

Kidney 0.89 1.20 1.00 1.25
Muscle 1.15 1.73 2.62 2.57 2.92

Fat 2.39 29.0 52.0 50.0 57.0
 
Adapted from Eger et al., 20021
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Overall, lower solubility produces a more rapid 
recovery from anaesthesia. The solubility of each 
successively less soluble anaesthetic is approximately 
half that of the next more soluble anaesthetic 
(Figure 1). As the solubility of desflurane (and nitrous 
oxide) in blood and tissues is less than that of the other 
inhalational agents, desflurane should allow for a 
more rapid recovery than sevoflurane.

Figure 1. Comparative solubility of inhaled anesthetic agents
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Adapted from Eger et al., 20021

Terminal decrements

The rate of recovery from anaesthesia is influenced by 
the solubility coefficients of the anaesthetic agent used 
and the duration of anaesthesia. These two factors 
both affect the rate of elimination of the anaesthetic 
agent.12 

As the alveolar concentrations of inhaled agents 
proceed to more stable lower levels, such as the times 
needed for 80% or 90% decreases in anaesthetic 
concentration – the so-called ‘terminal’ decrement 
times – anaesthetic solubility becomes a more 
dominant factor.1,12 Even apparently small differences 
in terminal decrement times between agents at these 
lower levels may affect duration of recovery. The 80% 
decrement times for sevoflurane and desflurane 
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are similar (approximately five minutes) and are 
unaffected by duration of anaesthesia, however the 
80% decrement time for isoflurane is considerably 
longer and increases significantly with increasing 
duration of anaesthesia (Figure 2).

The 90% decrement time for sevoflurane is short and 
very similar to that of desflurane until duration of 
anaesthesia surpasses 90 minutes, at which point it 
increases significantly in comparison to desflurane 
which remains at or below 10 minutes (Figure 3). 
Hence, the lower solubility of desflurane results in 
terminal decrement times that are hardly changed 
by duration of anaesthesia. In other words, the drop 
in desflurane levels is more rapid, even in the context 
of a long surgical procedure. These properties of 
desflurane may make it an appropriate choice where 
rapid recovery is desirable, such as in obese patients, 
the elderly and for long procedures.13–15 

Benefits of rapid elimination

Faster terminal decrement times may result in more 
rapid awakening of the patient. Rapid recovery 
following cessation of anaesthesia has a number of 
potential benefits for the patient. These include:

earlier capacity to sustain a patent airway to  •
protect against aspiration, and to maintain 
oxygenation;

more rapid return of normal cardiovascular  •
function;

quicker departure from the operating theatre and  •
recovery room; and

being able to safely resume activities that require  •
coordination.1
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Rapid elimination of the agent following cessation of 
anaesthesia may have benefits other than more rapid 
recovery. Rapid elimination may reduce the likelihood 
of toxicity from biodegradation as there is a decreased 
amount of anaesthetic available for metabolism and 
the production of toxic byproducts. 

Potent inhaled anaesthetics can enhance the effect of 
neuromuscular blocking drugs; rapid elimination can 
reduce the duration of this potentiation.16 

Figure 2. 80% decrement times for inhaled anaesthetics
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Adapted from Bailey et al., 199712

Figure 3. 90% decrement times for inhaled anaesthetics
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Metabolism

Modern inhaled anaesthetic agents such as isoflurane, 
desflurane and sevoflurane are halogenated with 
fluorine and this results in greater resistance to 
biodegradation compared with earlier agents that 
contained chlorine (Table 2). 

Table 2. Biodegradability of potent inhaled anaesthetic 
agents

Anaesthetic
% of anaesthetic taken up
that is biodegraded in humans

Desflurane 0–0.2

Isoflurane 0–0.2

Sevoflurane 5–8

Halothane 15–40
 
Adapted from Eger et al., 20021

The lack of biodegradation of the modern potent 
inhaled anaesthetic agents results in reduced 
potential for hepatoxicity or nephrotoxicity. 
Furthermore, as biodegradation plays little role in the 
elimination of these agents from the body following 
cessation of anaesthesia, it has minimal influence on 
the speed of recovery from anaesthesia.1 
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Interactions with other agents

Inhaled anaesthetic agents can interfere with the 
biodegradation of coadministered agents due to 
interaction with metabolic enzymes or enzymatic 
pathways. Of note, sevoflurane and isoflurane 
depress biliary excretion of paracetamol, glimepiride 
and sulfate conjugates whereas desflurane and 
sevoflurane may influence hepatic elimination of 
diazepam. Sevoflurane potentiates the hypotensive 
action of nicardipine, while isoflurane prolongs 
its action.1

Cardiovascular effects

Inhaled anaesthetic agents have similar 
cardiovascular (CV) effects during maintenance of 
anaesthesia. In the absence of surgical stimulation 
and at the concentrations used in clinical practice, 
isoflurane, sevoflurane and desflurane do not change 
or decrease heart rate. All three agents decrease 
blood pressure primarily by decreasing systemic 
vascular resistance while maintaining cardiac 
output (Figure 4).1 Volatile anaesthetics also cause 
dose-dependent reductions in myocardial contractility 
and cardiac loading conditions, which may 
provide indirect cardioprotection by reducing 
myocardial oxygen demand during ischaemia. 
Recent experimental evidence has suggested that 
volatile anaesthetics also provide direct protection. 
This anaesthetic preconditioning has been 
investigated in a number of small studies, and it 
appears that volatile agents provide some protection 
of cardiac function but there is, as yet, no evidence 
of reduced rates of myocardial infarction (MI) or 
CV death.17,18 
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Figure 4. Relationship between systemic vascular resistance 
and MAC
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CV effects during induction

Rapid induction of anaesthesia with desflurane 
may result in transient cardiovascular stimulation 
causing increases in heart rate and blood pressure.19,20 

This cardiovascular stimulation can be minimised 
by administering a small dose of an opioid such as 
fentanyl or alfentanil.21,22 In children, induction of 
anaesthesia with sevoflurane may cause bradycardia 
which can be managed with atropine or switching to 
anaesthesia with isoflurane.23,24 

Respiratory effects

Potent inhaled anaesthetic agents depress breathing 
in a dose-dependent manner (Figure 5). All agents 
increase the arterial partial pressure of carbon 
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dioxide and decrease the ventilatory response to 
both increased partial pressure of carbon dioxide and 
decreased oxyhaemoglobin saturation.1

The changes in partial pressure of carbon dioxide are 
caused by a decrease in tidal volume. Respiratory rate 
increases to prevent the decrease in tidal volume from 
causing a comparable decrease in minute ventilation.25 
The increase in respiratory rate is dose-dependent, 
and is greater when the potent inhaled anaesthetics 
are used in combination with nitrous oxide.

Figure 5 Dose‑dependent depression of respiration by 
inhaled anaesthetics
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Inhaled anaesthetic agents have a minimal effect 
on airway resistance in healthy subjects. However, 
they have been shown to decrease bronchial tone in 
the presence of bronchoconstrictive disease such as 
asthma or COPD. All inhaled anaesthetic agents may 
decrease hypoxic pulmonary vasoconstriction.1,26 
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Airway irritation 

Inhaled anaesthetic agents differ in the concentration 
that results in airway irritation, particularly during 
induction of anaesthesia. Desflurane has lower 
blood and tissue solubility than sevoflurane and 
exhibits a more rapid rise in alveolar concentration, 
suggesting the possibility of rapid induction of 
anaesthesia.1 However desflurane can cause 
irritation at concentrations required for induction. 
It is rarely used to induce anaesthesia because 
of its propensity to cause respiratory symptoms 
(e.g. cough, breath-holding, secretions, laryngospasm) 
at concentrations exceeding 6–7%.25,27 Sevoflurane 
and halothane cause minimal or no irritation over 
the entire range of concentrations used clinically, and 
for this reason these agents are useful for induction 
of anaesthesia. In contrast, isoflurane can irritate 
the airways at concentrations within the anaesthetic 
range.1 Premedication with respiratory depressants 
such as opioids can decrease the irritant qualities of 
inhaled anaesthetic agents.28,29

Differences in the irritant effects of inhaled 
anaesthetic agents are of little consequence during 
maintenance of anaesthesia, when all of them may 
be used for delivery of anaesthesia with a similar 
incidence of respiratory complications such as cough. 
The irritant properties of desflurane and isoflurane 
are not clinically relevant during emergence from 
anaesthesia because such events are not triggered 
by the low concentrations found during the 
recovery phase.1
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Case presentation and issue 
register
A 45‑year‑old woman, of Pacific Islander descent, 
weighing 170 kg and 170 cm tall, presents for elective 
laparoscopic cholecystectomy. She has had multiple 
episodes of biliary colic, including a severe attack 
associated with mild jaundice only the previous 
week (now resolved). She has type 2 diabetes, and 
takes gliclazide plus a small dose of long-acting 
insulin in the morning. Her other medications are 
perindopril/indapamide for hypertension, and a COX-2 
inhibitor for arthritis. She is not particularly active 
and avoids anything more than a few stairs due to 
exertional dyspnoea. Her BP is 160/85 mmHg with a 
regular pulse. 

Issues for discussion
Comorbidities seen in obese subjects, particularly  •
obstructive sleep apnoea, and their impact upon 
perioperative course

Airway management •

Drug dose modifications in obese patients •

Choice of anaesthetic technique •

Multimodal approach to postoperative analgesia •

Expert comments
Dr Goodie is a medical graduate of the University 
of NSW, and has been a specialist anaesthetist for 
16 years. Having trained as a specialist in Sydney, 
he was appointed as Instructor in Anesthesia at 
Harvard University, US. He now works in private 
practice with appointments to hospitals in the 
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southern metropolitan area and lower north shore 
of Sydney. He is Chairman of Anaesthetics at Hunters 
Hill Private Hospital. His areas of expertise include 
anaesthesia for bariatric (weight loss), cardiothoracic 
and major plastic and reconstructive surgery. 

Preoperative management
Typical comorbidities seen in obese patients include 
diabetes, osteoarthritis, hypertension and ischaemic 
heart disease. These need to be identified and 
quantified. The presence of the metabolic syndrome 
doubles a patient’s cardiac risk, and obesity is 
an independent risk factor for thromboembolic 
events.1 A high index of suspicion should be held for 
obstructive sleep apnoea, although obesity per se 
is not indicative of this condition.2 Such individuals 
may have an element of pulmonary hypertension 
superimposed. Preoperative assessment guidelines 
such as those published by the American Heart 
Association/American College of Cardiology may be 
helpful to direct further investigations. It could be 
argued that a dipyridamole–thallium scan is indicated, 
although this needs to be weighed against the question 
whether the scan results would change management 
in this case.

The matter of fasting residual gastric contents has 
been recently revisited. Established teachings warning 
of the hazards of the acid-rich full stomach in this 
patient group were based on studies conducted over 
30 years ago. These concepts have been challenged 
in recent times.3,4 It appears now that neither acidity 
nor gastric volume is measurably different in these 
patients compared with their lean counterparts. 
However, patients with coexisting pathology such as 
diabetic gastroparesis or severe symptomatic reflux 
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should probably still be viewed with caution; gastric 
inflation should be considered if difficulties with 
airway management are anticipated.

The fact that she is recently jaundiced suggests 
that a stone may be lodged in the common bile 
duct and, apart from the chance that this will 
prolong the operation, she may also require a 
follow-up procedure (i.e. endoscopic retrograde 
cholangio-pancreatography). Bacteraemia associated 
with surgical manipulation of these stones sometimes 
leaves the patient unwell after surgery.

Her dark skin and obesity will probably mean that 
peripheral venous access may be difficult. A central 
line, either prior to, or after induction of general 
anaesthesia (GA) should be considered. There are 
no guidelines as to the correct route. Each has 
its complications and individual skill/preference 
should dictate choice. Ultrasound guidance is highly 
applicable to the jugular venous anatomy and could be 
useful in this case. 

Finally, these are not the types of procedures to be 
undertaken in small hospitals, which are likely to 
be under-resourced in critical care services and 
techniques. Nor is it the type of procedure to be 
performed by the “occasional operator” in the context 
of morbid obesity.

Intraoperative management
Many operating tables in current use are rated for 
weights less than 150 kg, and often lower. If the 
current obesity epidemic continues most hospitals 
will need to review this piece of equipment, as an 
increasing proportion of the surgical population will 
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exceed the limit. Some of the newer electronic tables 
are rated for higher loads, and as these become more 
widely available we will no longer need to adopt 
the aged practice of placing two tables side-by-side. 
In addition, devices such as leg straps and foot-plates 
are useful to secure the patient to the operating 
table. Care should be taken with pressure points as 
nerve injuries are more common in obese patients. 
With prolonged operations, rhabdomyolysis from the 
pressure of body weight on dependant muscles is a 
real risk.5

Published protocols for assessing the airway and 
determining the risk of difficult intubation are of 
limited efficacy at the best of times, and especially in 
obese patients. The basis of these protocols is their 
focus on the airway “axis” and the impact it has on 
direct laryngoscopy. What they fail to address is 
the “compliance” of the anatomical space between 
the mandible and the hyoid bone into which the oral 
structures must be displaced to effect successful 
laryngoscopy. In few other patient groups is this 
as important as in the care of the morbidly obese. 
Recent research has suggested that lingual tonsillar 
hyperplasia may contribute to difficulty with 
intubation, impairing the ability to displace the tongue 
during direct laryngoscopy.6

Although we assume intubation to be much more 
difficult in this group of patients, this is not entirely 
supported by current literature.7,8 While alternative 
manoeuvres might be required more often when 
performing direct laryngoscopic intubation, 
the incidence of complete failure does not appear to 
be much higher than for non-obese patients. Further, 
the laryngeal mask airway has been found to provide 
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a useful patent airway in over 95% of cases, and 
especially where intubation was problematic or 
impossible.9,10 

As a rule, the assistance of a second pair of skilled 
hands is invaluable. One published algorithm 
(practiced at the Mt Siani School of Medicine, 
New York) calls for two anaesthetists to assess 
the patient and agree as to the appropriateness 
of intubation under GA.11 Both are then present at 
induction. If there is any uncertainty, a fibre‑optic 
intubation is performed. This seems an eminently 
sensible approach. In practical terms, it is always 
easier to maintain an airway with a beardless face 
and male patients should be encouraged to shave any 
facial hair.

The anaesthetic technique of choice is one of 
personal taste and no clear winner is to be found in 
the literature. Most however, would agree that the 
shorter‑acting volatile agents such as desflurane and 
sevoflurane offer advantages over others. Desflurane 
has the advantage of low fat solubility and so may 
be better in terms of emergence characteristics 
in obese patients. On the other hand, sevoflurane 
has favourable respiratory properties, which is an 
important consideration in the obese population.12 
Total intravenous anaesthesia (TIVA) users should be 
aware that the algorithms upon which the infusion 
pumps are programmed are based on studies in lean 
patients. But despite the generally held belief of earlier 
awakening with propofol TIVA, this is not borne out in 
this patient group, probably due to the reservoir effect 
of adipose tissue.13 Desflurane has been shown to 
promote earlier awakening than sevoflurane in obese 
patients, with earlier return of indices of recovery 
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from anaesthesia.14 Lastly, obese patients require 
some modification of dosing for many common drugs 
(Table 1).15 

Table 1. Weight‑based dosing of common IV drugs  
IBW = Ideal body weight; TBW = Total body weight; Vd = volume of distribution

Drug Dosing Notes

Propofol IBW 
Maintenance: 
TBW

Systemic clearance and Vd 
at steady-state correlates 
well with TBW. High affinity 
for excess fat and other 
well-perfused organs. High 
hepatic extraction and 
conjugation relates to TBW.

Thiopental TBW Increased Vd. Increased blood 
volume, cardiac output and 
muscle mass. Increased 
absolute dose. Prolonged 
duration of action.

Midazolam TBW Central Vd increases in line 
with body weight. Increased 
absolute dose. Prolonged 
sedation because larger 
initial doses are needed to 
achieve adequate serum 
concentrations.

Succinylcholine TBW Plasma cholinesterase 
activity increases in 
proportion to body weight. 
Increased absolute dose.

Vecuronium IBW Recovery may be delayed 
if given according to TBW 
because of increased Vd and 
impaired hepatic clearance.

Rocuronium IBW Faster onset and longer 
duration of action. 
Pharmacokinetics and 
pharmacodynamics are not 
altered in obese subjects.
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Table 1. continued 

Drug Dosing Notes

Atracurium 
Cisatracurium

TBW Absolute clearance, Vd and 
elimination half-life do 
not change. Unchanged 
dose per unit body weight 
without prolongation 
of recovery because 
of organ-independent 
elimination.

Fentanyl TBW Increased Vd and elimination 
half-time, which correlates 
positively with the degree of 
obesity.

Sufentanil TBW 
Maintenance: 
IBW

Distributes as extensively in 
excess body mass as in lean 
tissues. Dose should account 
for total body mass.

Remifentanil IBW Systemic clearance and 
Vd corrected per kg of 
TBW–significantly smaller in 
the obese. Pharmacokinetics 
are similar in obese and 
non-obese patients. Age and 
lean body mass should be 
considered for dosing.

Pneumoperitoneum alters cardio-respiratory 
physiology.16,17 Although most changes will 
parallel those in lean patients, they are more 
marked in the obese. Obese patients tend to mount 
a more pronounced hypertensive response to 
pneumoperitoneum. Their left ventricular end 
diastolic wall stress at rest is greater than in lean 
patients, and rises with CO2 insufflation. Myocardial 
oxygen demand will therefore increase, as will the risk 
of ischaemia. There will be an increase in peak and 
plateau inspiratory pressure, and lung compliance will 
fall. The respiratory changes, by virtue of the reverse 
Trendelenburg position, are usually well tolerated. 
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Increased tidal volumes or rate offer little advantage 
in improving oxygenation, although positive end 
expiratory pressure (PEEP) is useful.18–20

Following induction, functional residual capacity 
(FRC), PaO2/PAO2 ratio and total respiratory 
compliance falls exponentially with body mass 
index. The lung resistance is increased, and there 
is a propensity for atelectasis, more marked than 
in lean patients. This makes a fall in SaO2 likely and 
it is difficult to differentiate this from other more 
sinister causes of falling saturation, particularly 
in the presence of raised ventilatory pressures. 
Other causes to consider are right mainstem bronchus 
intubation, pneumothorax, pulmonary embolus or 
even a haemothorax if central venous cannulation 
was needed. In the context of recent cholecystitis, 
this patient may have pre-existing atelectasis from 
diaphragmatic splinting. It is worth noting that in 
some upper gastrointestinal tract (GIT) laparoscopic 
procedures (such as fundoplication) pneumothorax is 
not uncommon. Subcutaneous emphysaema may be 
a finding. Since this is not usually a “one‑way valve” 
type pneumothorax in that it communicates with the 
pneumoperitoneum and the lung is not breached, a 
chest drain will most often not be indicated, unless 
significant decompensation occurs. The CO2 will be 
dispelled once the abdomen is vented.

Postoperative management
A decision must be made as to whether to extubate 
this patient or keep her intubated and ventilated. 
Irrespective of patient body habitus, or open versus 
laparoscopic surgery, diaphragmatic dysfunction 
occurs after upper GIT surgery. Residual drug effects, 
hypothermia and pain can also impact on respiratory 
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reserve. Even controlling for these, the obese patient’s 
respiratory system is challenged postoperatively. 
Atelectasis is more pronounced than in lean patients 
and lasts much longer, often 24 hours or more.21 
A reduced FRC and compliance plus increased 
airway resistance means that work of breathing 
is dramatically increased. Those with a sedentary 
preoperative lifestyle may be more likely to develop 
respiratory failure. The presence or otherwise of 
atelectasis from recent cholecystitis will also impact 
on this decision. Bi-level Positive Airway Pressure 
(BiPAP) therapy holds hope in the postoperative 
period in improving pulmonary function, although 
this may not translate into lower complication rates or 
reduced hospital stay.22

Good analgesia is paramount after upper GIT surgery. 
Fortunately, laparoscopic techniques reduce patient 
requirements for narcotics. Multimodal therapy23 will 
offer the advantage of less sedation, which will be 
important in these patient groups where a suspicion 
of obstructive sleep apnoea (OSA) might exist. 
Expert opinion on the perioperative management of 
patients with OSA has been well described.24
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Case presentation and issue 
register
A 79‑year‑old female is scheduled for an anterior 
resection. She has hypertension and recently reduced 
exercise tolerance. She claims to be a bit forgetful, 
needing memory aids for her medications. She has 
lost 5 kg over the past 3 months and currently weighs 
56 kg and is 163 cm tall. 

Table 1. Significant findings in preoperative investigations

Blood Results Normal Range

Hb 96
WCC 6.2
Platelets 193

110 – 160 g/L
4.0 – 11.0 x 109/L
150 – 450 x 109/L

Na 131
K 3.1
Cl 98
Cr 0.07

135 – 145 mmol/L
3.5 – 5.5 mmol/L
95 – 110 mmol/L
0.04 – 0.13 mmol/L

Issues discussion
The physiology of ageing and how it relates to  •
anaesthesia, especially the cardiovascular and 
nervous systems

Postoperative cognitive dysfunction and delirium  •

Maintaining adequate postoperative analgesia •

Expert comments
A/Prof Kersi Taraporewalla is Director of Education 
and Research in the Department Anaesthesia and 
Perioperative Medicine at Royal Brisbane and 
Women’s Hospital. He is also part of the faculty in 
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the Critical Care Department at the University of 
Queensland. Other educational projects that he is 
involved in include the Skills Development Centre and 
assisting IMGs and registrars with exam preparation. 
His anaesthetic practice involves mainly vascular 
surgery, neurosurgery and spinal surgery. 

Preoperative management
Elderly patients are the largest group presenting for 
surgery, and also the most challenging to manage.1 
The simplest functional definition of ageing is a 
gradual deterioration of the body’s ability to cope 
with extreme or uncommon physiological conditions. 
Surgery and its accompanying perioperative 
pathophysiological processes represent uncommon 
(and sometimes extreme) physiological stress.2 
Hence, a careful preoperative assessment is important 
to identify physiological deficits and minimise them 
where possible. Coexisting disease has greater effect 
on morbidity and mortality than chronological age.3 

Cardiac disease is the most common comorbidity 
among the elderly – up to 80% have cardiovascular 
disease (CVD).3 There are a number of common 
characteristics among aging hearts; depletion 
of intravascular volume, impaired response to 
catecholamines, increased myocardial relaxation time 
and, frequently, left ventricular hypertrophy. By the 
age of 70 atrial fibrillation is almost a ‘default rhythm’ 
due to attrition of pacemaker cells. All of these factors 
adversely affect CV function under the stress of 
surgery, even in subjects apparently not compromised 
by age-related changes.1,4,5 Estimation of cardiac 
reserve can be difficult because most elderly patients 
with cardiac dysfunction are compensated and will 
only show signs of disease when stressed.3
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In spite of the multiple changes of ageing, a detailed 
analysis of every organ system is neither practical nor 
necessary. Sufficient information can be obtained by 
evaluating the functional, cognitive and nutritional 
status, and obtaining an informed consent.6

The ability to perform activities of daily living 
correlates well with postoperative complications.3,7 
Furthermore, exercise tolerance is the single most 
important predictor of complications following 
non-cardiac surgery.6 In patients with significant 
functional impairment, a plan for aggressive 
postoperative therapy should be made. In most 
institutions this requires the involvement of 
orthogeriatric teams. 

Risk factors for postoperative cognitive dysfunction 
(POCD) and delirium include preoperative cognitive 
dysfunction. The prevalence of this defect is 1.5% 
in patients aged 65–70 years, and increases to 2.5% 
at 85 years of age. While there are many tests for 
evaluating baseline function (such as the Mini Mental 
State Examination), they are not practical in the 
preoperative clinic.8 The ability to remember three 
objects after a short delay is an alternative test that is 
easy to administer and sensitive. 

Surveys show that elderly people generally consume 
less than the estimated daily energy requirement for 
adults (although this may reflect decreased physical 
activity). Multiple factors combine to create the 
nutritional deficiency including restricted intake, 
problems with chewing and swallowing, loss of 
appetite, limited food variety, altered patterns of 
eating and the presence of disease. It is also known 
that the ability to digest and absorb nutrients 
changes with age. Not surprisingly malnutrition is 
considerably high (30–60%) among hospitalised 
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or institutionalised elderly persons.4 Impaired 
nutritional status predicts poor long-term outcome 
and increased need for ICU ventilation. Nutritional 
management will present a challenge in this patient 
because her bowel will not be able to tolerate enteral 
feeding after surgery. 

In preoperative discussions with elderly patients, it is 
important to stress possible loss of function and its 
consequences such as loss of independence as well as 
the ethical dilemma of “do not resuscitate” orders. 
It may also be appropriate to provide counselling 
regarding end-of-life issues and realistic expectations 
of what can be achieved by the surgical procedure.3 
The presence of cognitive impairment, dementia and 
communication problems make it difficult to obtain 
informed consent. It is prudent to involve the family 
or caretakers in the consent process. While many 
elderly patients wish to maintain autonomy in decision 
making, they often like to discuss issues with their 
family and find it difficult to make choices.

Features of concern in the current case include: the 
decline in exercise tolerance; weight loss suggesting 
nutrition decline; and the use of cognitive aids for her 
medication. They suggest a physiology that is rapidly 
deteriorating, which increases the possibility of 
postoperative problems. She should be visited by the 
orthogeriatric unit to design the postoperative course 
or regime of physical activity. This patient would 
benefit from admission to the ward preoperatively 
to receive intravenous therapy during the bowel 
preparation. 

The patient’s baseline investigations show she is 
anaemic, and this is associated with an increased need 
for transfusion and an increased risk of experiencing 
postoperative delirium. Anaemia in older people is a 
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strong predictor of death, disability and postoperative 
delirium. It is still not clear if this is reversed or 
improved by correcting the anaemia preoperatively. 

Intraoperative management
The primary aim is to limit the surgical stress on the 
patient by the careful choice of anaesthetic techniques 
and agents, and to avoid events that further challenge 
the compromised reserves. This is a long operation, 
with a large incision and hence is associated with 
significant surgical stress. 

Induction

On arrival to theatre two IV cannulas are placed 
and fluids commenced. There are often practical 
issues in this patient group with establishing venous 
access and the positioning of adhesive tapes (given 
the often-delicate skin). Positioning the patient also 
requires care due to the limited range of motion of 
joints, and the need to avoid pressure on the spine.9

Maintaining adequate hydration is crucial, as elderly 
patients cannot tolerate rapid changes. These patients 
tend to present dehydrated due to bowel preparation, 
combined with the inherent nature of being elderly: 
Many will purposely drink less to avoid being caught 
out with incontinence. It is important to remember 
that the decrease in total body water seen with ageing 
leads to higher peak drug concentrations following 
bolus or rapid administration,3 therefore easily 
titrated drugs should be used. 

Treatment is then continued with an intra-arterial 
line and then under minimal sedation, (1–1.5 mg 
midazolam) a low thoracic epidural is inserted. 
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Unless there is time pressure the epidural is 
commenced with a dilute concentration of local 
anaesthetic, aiming to achieve loss of temperature 
sensation from T6–L1. Epidural anaesthesia is useful 
for analgesia and decreases perioperative cardiac 
stress and tachycardia-induced cardiac ischaemia.3 
However epidural use can be difficult in elderly 
patients, who frequently have arthritis of the spine. 

The dose of induction agents for elderly patients 
should be reduced by up to 50%. For example, 
the initial distribution volume of thiopentone is 
decreased in this group, resulting in higher serum 
concentration. Furthermore, brain sensitivity to 
propofol increases with age, while clearance declines, 
requiring a greatly reduced dose. Slower circulation 
time is common in the elderly and this delays the onset 
of drug effects. 

During induction blood pressure should be monitored 
carefully and there should be an expectation of 
hypotension. The physician should be ready to rapidly 
correct it by reducing the dose of induction agent and/
or administering small boluses of a vasopressor agent 
such as metaraminol. Cisatracurium is recommended 
as muscle relaxant of choice on the basis of its 
clearance and pharmacodynamics (and hence dose) 
being unaltered by age. Following induction a central 
venous line should be inserted to monitor fluid 
requirements.
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Maintenance

Choice of agents

The nervous system is significantly affected by ageing. 
The MAC for volatile anaesthetics decreases steeply 
with age. Given that anaesthetics do not appear to 
interact with any specific receptors, this is attributed 
to decreased cell density in the brain, as well as lower 
cerebral oxygen consumption and blood flow.4 

There have been several studies comparing desflurane 
with sevoflurane in elderly patients. Desflurane has 
been consistently associated with earlier recovery 
from anaesthesia. However, with faster recovery 
the perception of pain was more intense, and there 
appeared to be no difference in cognitive function or 
decrease in discharge time from PACU in comparison 
with sevoflurane.10–12

The incidence of postoperative delirium varies 
between 5–15% in older adults. Risk factors 
for delirium include age > 70 years, depression, 
long duration of anaesthesia, postoperative anaemia, 
transfusion and inadequate postoperative pain relief. 
Whilst there is no apparent difference between 
regional or general anaesthesia in terms of delirium 
incidence, it has been suggested that volatile agents 
that are rapidly eliminated with minimal metabolic 
breakdown may reduce postoperative delirium.13 

In elderly patients consideration may be given to 
TIVA, which offers a rapid, bright awakening from 
anaesthesia. However, the high cost of this approach 
limits it use, particularly in long procedures such as 
resection. There are no published data comparing 
TIVA with volatile agents in the elderly patient.
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The author’s current practice is to utilise a volatile 
agent for most of the operation, then change over to 
TIVA towards the end, allowing the volatile agent to 
be removed. This approach has not been examined in 
clinical trials, but the author’s experience is that the 
patient wakes up brighter, in a better cognitive state 
than they would with residual volatile agents present. 

Hypothermia

Hypothermia is inevitable in a procedure that involves 
a large incision. Body heat is lost due to exposure of 
abdominal contents and blood loss, combined with 
a reduction in heat production. Elderly patients are 
at a higher risk of hypothermia due to changes in 
peripheral and central mechanisms of temperature 
regulation.

It is important to avoid hypothermia as it has been 
associated with poorer outcomes. For example, in 
one randomised study of patients with documented 
CVD (or at high risk of CVD) undergoing abdominal, 
vascular or thoracic surgery the perioperative 
maintenance of normothermia was associated with 
a reduced incidence of morbid cardiac events and 
ventricular tachycardia.14 Furthermore, another 
randomised study of colorectal surgery patients 
found that hypothermia delayed wound healing and 
predisposed patients to infections. Maintaining 
normothermia perioperatively reduced infectious 
complications and length of hospital stay.15 

Fluids

The ageing heart, due to stiffness and decreased 
cathecholamine response, depends more on preload. 
Over-hydration is also a problem, leading to systolic 
failure. Thus preload must be maintained at a higher 
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level with CVP in the 8–10 cm H2O range. This justifies 
the placement of a central venous catheter in the 
elderly in operations with major fluid shifts.

DVT prophylaxis

The incidence of pulmonary embolism and deep vein 
thrombosis (DVT) is higher in the elderly, possibly due 
to increased factor Xa and decreased antithrombin 
levels. Some surgeons prefer to utilise subcutaneous 
heparin for DVT prophylaxis rather than low 
molecular weight heparin. The first dose is not 
injected untill 1–2 hrs after insertion of the epidural.

Transfusion

Recent data suggest that a haemoglobin level of 
100–120 g/L is associated with worse outcomes, but 
critically ill patients do survive with a haemoglobin 
level of 70–90 g/L. However, these observations may 
not extrapolate to elderly patients for several reasons. 
Firstly, in elderly patients with acute myocardial 
infarction transfusion to a haematocrit above 30% 
is associated with a decrease in 30-day mortality.16 
Secondly, an intraoperative haematocrit below 30% 
is a strong predictor of postoperative delirium in the 
elderly.13 Lastly, anaemia in the elderly is a strong 
predictor of postoperative functional decline and 
poor mobility.

Postoperative management
In the postoperative phase, there is a need for 
monitoring at the level that can be provided by a 
high-dependency unit. It is important to ensure 
adequate analgesia, because the elderly are at 
higher risk of adverse consequences of surgery and 
unrelieved or untreated pain.17 There is a complex 
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interplay between an individual patient’s sensitivity 
to pain, and effectiveness of analgesic strategies – 
it is never routine. A balance must be struck; too little 
provides inadequate analgesia, while too much 
exacerbates cognitive dysfunction, sleep disturbances 
and disorientation.4 Studies have revealed that elderly 
patients communicate less about their pain, but up to 
45% feel their pain is undertreated.3

When selecting a postoperative analgesic regimen for 
an elderly patient there are several principles to bear 
in mind. This group is more likely to experience NSAID 
side effects. Renal function and drug interactions 
(warfarin, phenytoin, hypoglycaemic agents) are 
additional concerns with NSAID use. Fentanyl may 
be the most suitable opioid for elderly patients – it is 
associated with less cognitive dysfunction, pruritus, 
nausea and vomiting than morphine. All opioid doses 
(bolus and titration doses) should be reduced by 
around 50% in this group. Cognitive impairment may 
reduce the utility of patient-controlled anaesthesia. 
There is an increased need to be vigilant regarding 
sedation level, and smaller boluses are recommended. 
As mentioned earlier, epidurals may be more difficult 
to place due to the presence of arthritis and stiffening 
of ligaments. Further, the presence of spinal stenosis 
and closure of intervertebral foramina suggest greater 
spread of the active agent. In the current patient 
utilising an epidural for most of pain management 
(with a dose of paracetamol, if required) will help to 
avoid the immediate cognitive impairment.

Monitoring for postoperative central nervous system 
dysfunction is also important in elderly patients. 
Postoperative delirium is an acute confusional state 
with alterations in attention and consciousness. 
It is fluctuating in nature and has a heterogeneous 
presentation (with hyperactive, hypoactive and mixed 



44

Case study 2: The elderly patient

subtypes). It can also be divided into emergence 
delirium (which appears during or immediately after 
emergence from anaesthesia and resolves rapidly) and 
postoperative delirium (Figure 1). Elderly patients 
are often coherent in the postanaesthesia care unit, 
but after a lucid period may develop symptoms that 
sometimes persist for weeks or months.13 

Postoperative cognitive dysfunction (POCD) is 
another adverse CNS consequence that should be 
actively managed. POCD is most often characterised 
by impairment of memory and concentration, 
language comprehension and social integration. 
These fluctuating levels of consciousness and 
temporary abnormalities in memory and perception 
appear days to weeks after surgery and can last for up 
to six months after surgery.3,13

It is difficult to estimate the incidence of POCD, 
because there is no consensus definition and the 
neuro-psychological tests used to detect it vary. 
The accepted level of incidence is about 26% at one 
week after surgery, and 10% after three months. 
There is no major significant difference between the 
use of general anaesthesia or regional anaesthesia 
(≈ 14% on day 7). Minor surgery requiring less than a 
two-night stay in hospital is associated with a lower 
incidence of about 7% at seven days. Risk factors 
for POCD include age, duration of anaesthesia 
> 2–4 hours, lower educational standard, need for 
a second operation, respiratory complications and 
infectious complications. Interestingly, perioperative 
hypoxemia and hypotension are not associated with 
POCD. Furthermore there is no correlation between 
POCD and markers of brain damage such as S-100 beta 
protein and neurone‑specific enolase.18,19 
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Early instigation of supportive measures and the uses 
of devices to improve orientation can help to minimise 
POCD: For example, the placement of a clock, calendar 
and familiar objects in the patient’s room; the use 
of TV and radio, contact with outside world and the 
involvement of patient’s family; the use of lights to 
promote a normal day–night cycle; and maintenance 
of perception with glasses and dentition. If treatment 
is necessary for POCD, haloperidol (0.5–10 mg 
increments) should be administered, or lorazepam 
(2 mg) if seizures are present. 

Figure 1. Timeframe of postoperative delirium and cognitive 
dysfunction

OR 24–72 hours postop weeks–monthsPACU

Emergence
delirium

Postoperative
delirium

Postoperative 
cognitive dysfunction
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Case presentation and issue 
register

A 67‑year‑old male is scheduled for a laparoscopic 
anterior resection. He regularly attends his GP for 
management of his type 2 diabetes and hypertension. 
He suffers from mild ischaemic heart disease (Class II), 
although his angina is well controlled – symptoms 
only appear on extreme exertion and he can manage 
three flights of stairs without a problem. His current 
medications are atenolol, metformin, aspirin, 
simvastatin and occasional nitroglycerin spray (< 1/
month). An ECG in the pre‑admission clinic shows 
left axis deviation and T‑wave changes. Haemoglobin, 
electrolytes and renal function are found to be normal. 

Issues for discussion
 Attaining and monitoring appropriate depth of  •
anaesthesia

 Drug interactions between volatile agents, opioids  •
and other analgesics 

 Fresh gas flow rates and the effect of flow  •
reduction 

 Approaches to fluid management:   •
Liberal vs restrictive vs goal‑directed

Expert comments
A/Prof. Kennedy is a Christchurch based‑anaesthetist 
who has been involved in both laparoscopic bowel 
resections and major open surgery for recurrent bowel 
cancer for more than ten years. His other current areas 
of clinical practice include extensive laparoscopic 
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gynaecological surgery as well as orthopaedic and 
cardiac surgery. He has an appointment as Clinical 
Associate Professor with the University of Otago, 
Christchurch. His research interests focus on 
matching anaesthesia delivery to patient needs and 
include aspects of monitoring and finding ways to 
apply the results of research into drug delivery to 
everyday practice for all anaesthetists. 

Overall perspective
The overall objectives for the anaesthetist in a case 
like this are exactly the same as for a simple day case 
surgery and anaesthesia; avoiding awareness and 
movement, maintaining homeostasis (especially of 
the sympathetic system) and facilitating the surgery 
all in a manner which leads to rapid awakening, 
good analgesia and the minimisation of other 
side effects such as nausea and vomiting in the 
recovery period. 

Depth of anaesthesia

It is important to provide sufficient anaesthesia so 
that intraoperative awareness is avoided – this is a 
concern for 50% of prospective patients and the most 
feared potential adverse outcome for 1 in 6.1,2 When 
it does occur, patients report it to be a traumatic 
experience. Interestingly, anaesthetists consistently 
underestimate the incidence of intraoperative 
awareness and consider the incidence in their own 
clinical practice to be lower than average. However, 
data suggest that the actual incidence is surprisingly 
high; around 1 in 1,000 patients at low risk3 and up to 
1 in 100 in high-risk patients.4,5 
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On the other hand, there is some evidence suggesting 
adverse effects from very “deep” anaesthesia. 
One observational study of over 1,000 patients 
undergoing non-cardiac surgery showed that the 
length of time spent in a state of deep anaesthesia 
was an independent predictor of one-year mortality.6 
Similarly, an investigation of 49 elderly hip-fracture 
patients randomised subjects to either lighter or 
deeper anaesthesia. The incidence of postoperative 
delirium was more than doubled among those 
randomised to deeper anaesthesia.7 

With the introduction of EEG-based techniques for 
depth of anaesthesia monitoring, anaesthetists 
now have a range of tools to help meet these 
clinical objectives.3 Bispectral analysis (BIS) is 
the most extensively used and studied depth of 
anaesthesia monitor. The Datex/GE M-Entropy 
module is also widely used in New Zealand and 
Australia. The B-Aware study (conducted largely in 
Australia) randomised high-risk surgical patients 
to either BIS-guided anaesthesia or routine care. 
BIS monitoring significantly reduced the incidence 
of awareness during surgery, with a number needed 
to treat of 138 to prevent one case of awareness.5 
A recent meta-analysis found that BIS monitoring 
reduced anaesthetic consumption by 19%, reduced 
the proportion of patients experiencing nausea and 
vomiting from 38% to 32% and shortened recovery 
room stay by 4 minutes.2 Conversely, a recent US 
study that compared BIS guided anaesthesia delivery 
with delivery guided by end-tidal (ET) levels with 
appropriate alarms found no difference in the 
incidence of awareness. Although the accompanying 
editorial criticised the widespread adoption of BIS 
monitoring as driven by public pressure and fear of 
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litigation, an alternative view of the Avidan study is 
that the two techniques are both effective methods of 
reducing the incidence of awareness.8

So what is the minimum amount of inhaled agent 
to prevent awareness? Eger advocates 0.5 MAC.9 
Several studies have explored combinations of 
various MAC fractions of volatile in combination with 
remifentanil to produce haemodynamic stability.10,11 
In these investigations, ET values of 0.4–0.5 MAC 
were not associated with increased awareness. 
Furthermore, in the US study mentioned above, 
a significant number of subjects in the inhalation 
group had ET values below 0.7 MAC for at least five 
minutes during the maintenance phase, without an 
obvious association with awareness.4

Diabetes and cardiovascular disease

The current case study patient has diabetes, which 
is an important consideration. Diabetes (and stress 
hyperglycaemia in non-diabetic individuals) is an 
independent predictor of morbidity and/or mortality 
in patients admitted to the hospital with myocardial 
infarction or unstable ischemic syndromes, as well 
as those undergoing a variety of surgical procedures. 
For example, in a Canadian cohort of diabetics 
undergoing coronary artery bypass graft (CABG), 
hyperglycaemia on the first postoperative day 
was associated with poorer outcomes. Similarly, a 
prospective study of surgical ICU patients showed 
that those randomised to intensive glucose control 
had fewer septic complications and lower mortality, 
compared with conventionally managed patients.12,13 
The implications of these studies are being extended to 
the wider surgical population and there is increasing 
emphasis on maintaining normoglycaemia rather than 
just avoiding perioperative hypoglycaemia. 
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This patient has minimal current cardiac symptoms, 
but the ECG findings taken together with the 
potential for haemodynamic changes associated 
with CO2 insufflation provides sufficient reason 
to consider direct arterial monitoring. Minimally 
invasive cardiac function monitoring may be useful, 
both as a monitoring tool and more specifically to 
guide fluid therapy. There are many alternatives, 
such as oesophageal Doppler, Fick principle using 
carbon dioxide (NICCO) and pulse contour analysis 
(PICO, LiDCO etc.). Studies suggest no clear advantage 
to any one technology and there are problems with 
defining any one method as a “gold standard.”14 

Fluid management

The choice of fluid management strategy is an 
important consideration in this patient. A balance 
must be struck: Hypovolaemia leads to poor tissue 
perfusion, suboptimal organ function, organ 
failure and death. On the other hand excessive 
fluid administration can lead to fluid overload and 
pulmonary oedema even in patients without heart 
disease and is associated with delayed return of bowel 
function, an increase in other complications and 
delayed discharge. For most surgical procedures, it is 
standard practice to administer a volume of fluid much 
larger than that lost, but current standard therapy is 
not at all evidence-based. It has been suggested that 
restriction of fluids during abdominal surgery may 
improve outcomes, and at least three randomised 
trials support this theory.15 However, a recent Danish 
study found the reverse: morbidity tended to be worse 
with a restrictive fluid regimen.16 This field of enquiry 
has been complicated by the fact that there are no 
agreed definitions of what constitutes a ‘standard’, 
‘liberal’ or ‘restrictive’ fluid regimen. Rather than 
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focussing on a specific regime, attention has moved 
to ‘goal‑directed’ fluid therapy; an individualised 
approach utilising one of the many non-invasive 
cardiac output and pulse wave analysis systems.17 

Preoperative management
Good patient and staff education is essential so that 
patients have appropriate expectations of what will 
happen in the perioperative and recovery periods. 
Patients should be given all their usual medications 
and encouraged to take fluids until 2–4 hours before 
the procedure. Carbohydrate drinks taken before 
surgery can improve patient wellbeing and decrease 
PONV. Pre-warming should be considered.

Intraoperative management
In addition to “standard” monitoring including ECG, 
pulse oximetry, blood pressure and full gas analysis, 
the author’s approach would be to also monitor 
temperature and respiratory mechanics (spirometry) 
and use a “depth of anaesthesia“ monitor (BIS Vista 
or Datex Entropy) in this patient. Direct arterial 
monitoring should also be seriously considered, as 
well as the use of a cardiac output/pulse pressure 
variability monitor, such as the Edwards Vigello. 

Induction

The author tends to avoid routine IV “premedication” 
with midazolam. Good communication has been shown 
to be an effective anxiolytic and the real benefits of 
“co-induction” are questionable. Standard induction 
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would include pre‑oxygenation, fentanyl (100 μg), 
propofol titrated slowly to loss of consciousness, 
followed by rocuronium (30–40 mg) and intubation.

Volatile agents can often be avoided until the 
airway is secured. This should be guided by BIS 
monitoring. Several factors add up to create the 
potential for a significant fall in BP and/or cardiac 
function especially in older or more frail patients: 
the hypotensive effects of propofol, which outlast 
the hypnotic effects; the early initiation of volatile 
agents may cause further CVS depression and the long 
period of minimal stimulation while the patient is 
positioned and draped. The speed of onset of modern 
inhaled agents is quite different from older agents 
such as halothane (and to a lesser extent enflurane 
and isoflurane). With older agents quite some time 
was needed to attain reasonable blood and brain 
levels, hence administration needed to start as early 
as possible. 

Maintenance

The author’s preferred maintenance technique in 
this case would be based on sevoflurane and fentanyl 
with a high FiO2 mix of oxygen and air and a total 
fresh gas flow of around 0.7 L/min. There appears 
to be only a small advantage in terms of recovery 
time with desflurane compared with sevoflurane in 
most circumstances18 and, in contrast to Australia, 
there is no regulatory restriction on sevoflurane 
flow rates in New Zealand or much of the rest of the 
world, including the US. Furthermore, the respiratory 
non‑irritant properties of sevoflurane are useful, 
while desflurane may have adverse effects on 
respiratory mechanics in patients undergoing 
laparoscopic abdominal surgery.19 
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The target sevoflurane level is just over 1 MAC at the 
commencement of surgery, however positioning and 
preparation of the patient can take 15–20 minutes 
and the anaesthetic requirement is lower during 
this period. Volatile anaesthetic levels are allowed 
to drift up as the start of surgery finally approaches. 
A further bolus of fentanyl (100 μg) is given just 
prior to the initial incision and repeated around the 
time of insufflation. Once the pneumoperitoneum is 
established and the operation commences sevoflurane 
levels are allowed to drift down towards 1.5–1.8% 
(0.7–0.8 MAC) aiming to keep the BIS (or Entropy) 
value around 50–55. Further doses of fentanyl  
(100–150 μg) are used to treat increases in pulse or 
blood pressure or if there are signs of respiratory 
effort. Pressure/volume loops can be very useful as an 
early indicator of respiratory effort. There is seldom 
a need to administer additional muscle relaxant, 
unless there is obvious straining or loss of space in the 
abdomen. 

The choice of ”carrier” gas may have an impact on 
postoperative outcomes. Nitrous oxide (N2O) has 
been used frequently because of its low cost and 
speed of onset. The rapid onset and “MAC-sparing” 
effect of N2O is particularly useful when it is used 
in conjunction with the older, slower inhalational 
agents. However, this attribute is less important 
with modern inhalational agents and N2O has a range 
of adverse effects.20 For example, it diffuses from 
blood into closed body cavities more rapidly than 
nitrogen diffuses out. In animal studies, nitrous 
oxide administration has been shown to cause a 
200% increase in gas volume in the intestinal lumen. 
This was confirmed in a prospective study of 40 
patients undergoing elective bowel resection, where 
the group randomised to air had significantly faster 
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recovery of bowel function than with nitrous oxide.21 
Similarly, in another series of patients undergoing 
elective bowel resection, subjects were randomly 
assigned to either 65% N2O or 65% nitrogen in air. 
The incidence of postoperative nausea and vomiting 
was similar in both groups, however pain scores were 
higher and the incidence of bowel distension was 
significantly greater in the nitrous oxide group.22 
Bowel distension may also interfere with surgical 
access, especially in laparoscopic surgery. 

More recently, the ENIGMA study has examined 
the effects of nitrous oxide avoidance as well as 
the benefits of high inspired oxygen levels. A large 
cohort (n = 2,050) was randomised to either 
nitrous oxide-free (80% N2, 20% O2) or nitrous 
oxide-based (70% N2O, 30% O2) anaesthesia. 
It emerged that nitrous oxide-free anaesthesia 
decreased the incidence of major complications 
(pneumonia, pneumothorax, pulmonary embolism, 
wound infection, myocardial infarction, venous 
thromboembolism, stroke, awareness, and 30-days 
mortality), however it did not significantly affect the 
duration of hospital stay. The study authors suggested 
that the routine use of nitrous oxide in patients 
undergoing major surgery should be questioned.23

Another question is the appropriate ET level 
to “target” particularly in the absence of brain 
monitoring such as BIS. Many anaesthetists focus 
on MAC, but trainees often have difficulty providing 
a reasonable definition of MAC. It is important to 
remember that MAC is the ED50 for response to skin 
incision at equilibrium, in younger patients and in 
the absence of any other drugs. This definition differs 
from the clinical situation in several ways. Firstly, 
the end point is absence of movement rather than 
hypnosis. These two factors probably represent 
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completely different sites of drug action. Furthermore, 
equilibrium is not rapidly attained; there is a delay 
between changes in gas delivery and changes in 
ET and there is a further significant delay between 
changes in ET level and the brain (or “effect site”). 
Anaesthesia is often titrated according to pulse and 
BP changes, but this represents MAC-BAR, which is 
greater than MAC. Lastly, there is the complicating 
factor of drug interactions. The non-linear 
relationships between levels of opioids and hypnotics 
are well described and doses of fentanyl as small as 
100–200 μg reduce MAC by more than 50% for all 
modern inhalational anaesthetics.24–26 

There are several reasons to encourage reducing 
fresh gas flow rates and hence consumption of volatile 
agents. It has been estimated that anaesthetists 
account for 3–5% of total healthcare costs (US 
figures), and volatile anaesthetics account for 20% of 
the drug expenses in anaesthesia. The fresh gas flow 
rate (FGF) is the most important factor in determining 
the cost of anaesthesia, and is an obvious target for 
cost-containment measures.27 Other strong arguments 
for reducing flow rates include reduction in wastage 
and contamination of both the operating room and 
wider environment. 

Interestingly, practice is evolving towards reduced 
FGF, even in the absence of specific initiatives. 
Around 1999, new anaesthetic delivery systems were 
introduced at Christchurch Hospital, which simplify 
the delivery of low‑flow anaesthesia and include a 
continuous display of vapour consumption in  
mL/min and $/hr. This coincided with the removal 
of the limitations on minimum sevoflurane FGF by 
New Zealand regulatory bodies. Audits conducted in 
2001 and 2006 revealed that FGF rates decreased from 
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2.0 mL/min to 1.3 mL/min), indicating an improving 
economy of use. This 35% reduction represents a 
potential annual saving of $200,000.28 

Fluid management is guided by the pulse volume 
variation (PVV) from the Vigelleo monitor aiming to 
keep PVV at less than 10%. Monitoring urine output 
is less useful intraoperatively as the effect of the 
pneumoperitoneum means relatively high filling 
pressures are required to maintain urine output 
producing a massive postoperative diuresis.

Postoperative management
In the PACU pain control should be achieved with 
fentanyl increments, supplemented with one or two 
doses of ketamine (10 mg) and possibly clonidine 
(although this is rarely required). Once the patient is 
stable, fentanyl PCA should be commenced. A loading 
dose of paracetamol (2 g, usually oral) should also be 
administered. 

In the surgical ward this patient will require O2 by 
mask for 36 hours. Regular paracetamol (1 g every 4 h) 
should be given for 36 hours, and as needed thereafter. 
A second-line oral analgesic should be chosen after 
discussion with patient (e.g. NSAID, codeine, tramadol, 
oral morphine). Early mobilisation, drinking and 
feeding should be encouraged. On the day of the 
operation, the patient should sit up for 5 minutes, at 
least on the side of their bed with legs down), and 
preferably in a chair. Carbohydrate-containing energy 
drinks should be taken, and may settle the stomach 
even if nausea is present.29 
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Case presentation and issue 
register
A 72-year-old male with severe and unstable coronary 
artery disease is transferred from a regional hospital 
for cardiac bypass. He has unstable angina and severe 
three-vessel coronary disease. Doppler studies of his 
carotid circulation confirms total blockage of the (L) 
carotid artery and 40–79% stenosis of the (R) carotid 
artery. He is in atrial fibrillation (possibly for several 
months now). He has Type 2 diabetes, controlled with 
diet and medication. 

Liaison with the surgeon confirms that due to 
the carotid disease and probable widespread 
atherosclerosis, the preferred surgical technique is 
off-pump cardiac bypass, without any cross clamps or 
‘sidebiters’ on the ascending aorta. Graft harvesting 
will include both mammary arteries (the origins 
of which were deemed satisfactory at coronary 
angiography). A vein graft to form a T or Y graft 
anastomosis is planned. 

Issues for discussion
Myocardial injury and prevention •

Choice of anaesthetic technique and agents •

Optimisation of cardiac status, function and  •
preparation for physical and mechanical variations 
with rotation, compression and compromised 
venous return

Communication between surgeon and anaesthetist:  •
the ‘sterile cockpit’ concept of only meaningful 
dialogue during cardiac posturing
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Managing postoperative expectations and  •
modifying postoperative sequelae – neurological 
dysfunction and atrial fibrillation 

Expert comments
Dr Greg Purcell is a Clinical Senior Lecturer at Sydney 
University and visiting anaesthetist at Royal North 
Shore Hospital. His clinical work includes cardiac, 
neurosurgical and obstetric anaesthesia and he has an 
interest in patient and system safety.

Introduction

Coronary artery bypass grafting (CABG) is the most 
common surgical procedure done on the heart. 
Traditionally, CABG relied on cardiopulmonary bypass 
(CPB) to provide a systemic circulation while the 
heart is stopped. But CPB may have adverse effects, 
especially cognitive dysfunction in elderly patients. 
Recently, off-pump CABG (OPCAB) has been developed 
to diminish the need for CPB. Various stabilising 
devices can be used to minimise movement at the 
site of coronary grafting. Several recent reviews 
have concluded that OPCAB is associated with 
better outcomes than CABG with CPB, including 
reduced atrial fibrillation (AF), stroke, use of blood 
products , duration of hospital stay and overall costs. 
Reduced mortality has also been demonstrated in 
octogenarians and high-risk patients.1,2 Although 
about a fifth of CABG is now done off‑pump, 
the method has its critics.3–5 

An accepted surgical technique is to insert a flexible 
shunt into the artery to be grafted. This preserves 
native flow during the anastomotic period, and is 
withdrawn at the moment before completing the 
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graft-to-native vessel anastomosis. The shunt also 
stabilises the cardiac wall, allowing the anastomotic 
site to be sutured. If shunts are not utilised or cannot 
be inserted, then greater attention must be directed at 
preserving distal blood flow and myocardial integrity.

Prevention of myocardial injury 

The effects of ischaemia on cardiac tissue are well 
known. Within seconds of onset, there is a marked 
reduction in contractile function due to decreased ATP 
production. After a few minutes, acidosis sets in and 
cells begin to swell. Eventually irreversible cellular 
lesions form, resulting in permanent ischaemic injury 
to the tissue. The process of restoring blood flow 
to ischaemic myocardium can also induce damage, 
known as reperfusion injury. Ischaemia–reperfusion 
injury results in a range of cardiac function 
abnormalities. For example, myocardial stunning is a 
mechanical dysfunction that persists, even when there 
is no irreversible damage and despite restoration of 
normal coronary flow. Ischaemia–reperfusion injury 
can also result in myocardial hibernation, where 
cardiac metabolism is downregulated and ventricular 
function is diminished. In more severe cases there is 
tissue necrosis and permanent loss of function.6,7 

Myocardial preconditioning, first reported in the 
mid 1980s, is a powerful means of achieving cardiac 
protection. A brief period of hypoxia makes the heart 
more resistant to ischaemia during a subsequent 
acute coronary occlusion, and greatly reduces infarct 
size (70–80%). Preconditioning also reduces the risk 
of ischaemia-induced tachycardia and ventricular 
fibrillation. It appears that during a period of hypoxia 
various membrane and intra-cellular processes 
converge on the mitochondria. These include 



69

Case study 4: O
ff-pum

p coronary artery surgery

ATP-sensitive potassium channels, intracellular 
kinases, endothelial nitric oxide synthase, COX-2 
and other substances involved in endogenous 
signal transduction pathways. The net result is 
that intracellular organelles are better able to 
tolerate further ischaemic and reperfusion insults.8 
Preconditioning can occur naturally, resulting 
from silent myocardial hypoxia/ischaemia during 
successive episodes of angina. More recently, the 
clinical use of preconditioning during cardiac 
surgery has been explored, although the technique is 
controversial and has mixed results.6 

Cardioprotection by volatile anaesthetics

Isoflurane, desflurane and sevoflurane all 
maintain optimum LV-arterial pressure coupling 
and mechanical efficiency at low anaesthetic 
concentrations (≈ 0.9 MAC) by producing 
contemporaneous declines in myocardial contractility 
and LV afterload. Clinically cardiac output is 
readily sustained with an adequate ventricular 
preload. At higher volatile concentrations however, 
anaesthetic-induced reductions in contractility are 
not appropriately balanced by declines in ventricular 
afterload. This physiological effect may indirectly 
protect the heart under ischaemia by reducing 
myocardial oxygen demand. 

Various experimental studies have indicated that 
volatile anaesthetics also have direct cardioprotective 
effects. Interestingly, it appears that ischaemic 
and anaesthetic preconditioning share many of the 
same mechanisms (particularly involvement by 
mitochondrial ATP-sensitive potassium channels).9 
Other putative mechanisms of preconditioning 
include effects mediated by nitric oxide, reactive 
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oxygen species, caveolin and the β1-adrenergic 
pathway. Studies in healthy volunteers have 
also provided evidence of ‘late’ preconditioning 
mechanisms involving changes in the expression of 
pro‑inflammatory genes.10,11 

In terms of magnitude of effect, the benefits of 
pharmacological preconditioning appear to be 
comparable with ischaemic preconditioning. This was 
illustrated in a canine study, which examined the 
effects of coronary artery occlusion, alone and 
in combination with isoflurane. Both methods 
of preconditioning afforded similar levels of 
protection against myocardial infarction, compared 
with controls. The combination of ischaemic 
preconditioning plus isoflurane was associated with 
even greater reductions in infarct size (Figure 1).12 

Figure 1. Isoflurane provides additive benefit in combination 
with ischaemic preconditioning.
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Clinical studies of preconditioning have shown 
variable results, but much of this can be attributed to 
differences in preconditioning protocols. For example, 
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in two separate series of CABG procedures, patients 
were randomised to either standard care or a 
sevoflurane preconditioning period at 1 MAC (5–
15 minutes). One investigation found no differences 
between the sevoflurane and control group, while 
the other found only minor reductions in markers of 
cardiac damage (CK-MB and Troponin-I).13,14 Observers 
suggested that the concentration of sevoflurane and 
its duration of administration was too small to exert 
an effect in these studies.15 In contrast, another series 
of CABG patients were subjected to a 15-minute 
period of isoflurane at 2.5 MAC, with a 5‑minute 
washout before cross-clamping. This protocol was 
associated with significant reductions in Troponin 
levels (Figure 2), a higher cardiac index and increased 
stroke volume compared with controls.16 Similarly, 
five minutes of preconditioning with desflurane at 
2 MAC has been shown to reduce Troponin-I and 
natriuretic peptide as well as improve left ventricular 
function in patients undergoing CABG.17 Transferring 
these processes to clinical practice has not been 
widespread.

Figure 2. Mean cardiac Troponin I levels in the control and 
isoflurane groups.
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A recent meta-analysis of preconditioning studies with 
sevoflurane and desflurane in patients undergoing 
CABG included 32 clinical studies involving nearly 
3,000 patients. It confirmed that both of these agents 
provide cardioprotection (as shown by reduced 
Troponin levels), but this did not appear to translate 
into improved clinical outcomes probably due to a 
lack of uniformity between the studies.18 In one large 
Danish registry study however, there was evidence of 
a mortality benefit due to cardioprotective properties 
of sevoflurane. Analysis of outcomes for over 10,500 
cardiac surgeries conducted at three hospitals 
between 1999 and 2005 found a trend towards lower 
mortality with inhalational anaesthesia, compared 
with propofol. When the patients with unstable 
angina or recent MI were removed from the analysis 
(i.e. those who are already preconditioned), there was 
a significant reduction in mortality with sevoflurane 
(2.28% vs 3.15%, p = 0.015).19

Preoperative management
The aim is to provide safe and functional anaesthesia 
the effectively improves and enhances myocardial 
viability and performance, preserves other organic 
and visceral functions, sustains cardiac output and 
enables close liaison on a ‘beat-by-beat’ basis with the 
cardiac surgeon. 

Preoperative investigations should focus on left 
ventricular function. A thorough understanding 
of the specific location and severity of coronary 
occlusions allows the optimal surgical procedure 
to be determined, and helps to predict the patient’s 



73

Case study 4: O
ff-pum

p coronary artery surgery

ability to tolerate periods of occlusion. For example, 
planning to graft a collateralised vessel ahead of the 
collateralising artery. 20,21

Intraoperative management
There are two key challenges in OPCAB: 
the maintenance of haemodynamic stability 
during heart enucleation necessary for accessing 
each coronary artery; and the management of 
intraoperative myocardial ischaemia when coronary 
flow must be interrupted during grafting. A good 
anaesthetic technique is essential however perhaps 
less important than adequate management of these 
two major constraints.22 Surgical speed and skill 
define the operation, and there is certainly more work 
for the anaesthetist in comparison with CPB. 

Induction

In the current patient, the author’s approach would 
be to continue all routine oral cardiac medications, 
except oral hypoglycaemic agents. Following a 
moderate lorazepam premedication, the patient 
would be induced (after radial artery cannulation) 
with midazolam (3–5 mg), fentanyl (12–15 μg/
kg), minimal propofol and a muscle relaxant. The 
patient should be ventilated with either isoflurane or 
sevoflurane in oxygen. Central cannulation usually 
occurs after intubation; hypotension can be avoided 
with careful ventilation, adequate intravenous fluids 
and metaraminol aliquots if necessary. Maintenance 
of core and peripheral temperatures is paramount and 
needs to be initiated before induction. It is essential to 
ensure an adequate intravascular volume is sustained 
as intraoperative manipulations are poorly tolerated 



74

Case study 4: O
ff-pum

p coronary artery surgery

if intravascular volume is inadequate. Furthermore, 
dissection of the mammary arteries can contribute 
to moderate blood loss. Isotonic crystalloids 
are most commonly used to achieve the desired 
intravascular volume. 

Haemodynamic instability

Periods of significant haemodynamic instability 
are common in OPCAB, caused by the displacement 
and immobilisation of the heart as well as vessel 
occlusion. OPCAB presents special challenges for the 
anaesthetist and surgeon, who must work closely 
together to provide optimal care. Good communication 
is crucial, and it is useful to contemplate the ‘sterile 
cockpit’ approach. Only essential communication is 
allowed – the ‘pilot’ should only be interrupted when 
they need to know new information that could impact 
or benefit the procedure. 

Monitoring

Often institutional and intensive care expectations 
modify monitoring interventions, resulting in 
a comprehensive monitoring regimen, both for 
intraoperative management and postoperative 
protocols. This includes arterial line, pulmonary 
artery catheter, multilumen infusion catheter, 
and often trans-oesophageal echocardiography and 
ETAG (end tidal anaesthetic gas) monitor enabling 
continuous end-tidal MAC measurement as well.

Maintenance

Isoflurane, sevoflurane, desflurane and some 
delta-opioids (e.g. morphine) are all favourable agents 
in the current patient, due their preconditioning 
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benefits. The author’s choice of volatile agent for 
this patient would be isoflurane (not only for cost 
considerations) on a background of moderate 
benzodiazepine and fentanyl loading. Isoflurane at 
0.7–1.0 MAC sustains cardiac output, dilates coronary 
circulation and reduces ventricular afterload. 

This combination of maintenance agents provides 
a safe and predictable depth of anaesthesia, which 
would not necessarily benefit from BIS or entropy 
monitoring.23 Isoflurane as well confers empiric 
cerebral protection, provided blood pressure is 
adequately sustained.

Glyceryl trinitrate infusion should be used as a 
prophylactic agent to optimise coronary blood 
flow and to ensure maximal coronary and stenotic 
dilatation. The combination with isoflurane and a 
sustained intravascular volume confers a physiological 
status that should be able to tolerate the surgical 
manipulations. Judicious posturing by rotation of the 
table and Trendelenburg position enhance preload as 
necessary. 

Numerous intraoperative interventions have 
been engaged to attempt to reduce the onset of 
postoperative atrial fibrillation however despite 
individual studies showing some benefits with 
specific protocols (e.g. higher systemic temperature, 
modifications to myocardial protection, thoracic 
epidurals etc.) it remains difficult to confirm a reliable 
prophylactic agent or technique.

There have been a number of recent investigations 
of fast-track anaesthesia for OPCAB, where 
extubation is performed within 1–6 hours of surgery. 
In three separate series of patients, the effects of 
sevoflurane have been compared with isoflurane. 
It appears that slightly earlier extubation is possible 
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with sevoflurane.24–26 At the Royal North Shore 
Hospital, our ICU is on another floor of the hospital, 
so immediate extubation in the OR remains elusive 
and probably unsafe considering the wait for the 
infrequent elevator. However early extubation in the 
ICU is preferred within two to four hours after arrival.

Postoperative management
Infusions commenced intraoperatively should 
be maintained into the postoperative period 
(e.g. low-dose glyceryl trinitate, insulin). 
Noradrenaline may be necessary for blood pressure 
support while ensuring restoration of normothermia. 
Adequate ventilation with PEEP and pressure support, 
plus awakening for early extubation are the preferred 
roadmap. Ionotropes and chronotropes should be 
avoided unless required as recent propensity-adjusted 
analyses suggest that frivolous administration results 
in less-than-optimal outcomes.27,28
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Case presentation and issue 
register
A 67-year-old man is scheduled for revision hip joint 
replacement involving both femoral and acetabular 
components. He has a history of hypertension, 
ischaemic heart disease and moderately severe 
chronic airways disease. He has smoked a packet of 
cigarettes per day for the last 45 years and is short of 
breath after two flights of stairs. He had an anterior 
myocardial infarction three years ago and currently 
has stable angina (symptoms appear on exertion, 
about one episode per day). 

He recently underwent coronary angiography, 
which showed distal stenoses in the left anterior 
descending and right coronary arteries. A recent 
echocardiogram showed good left ventricular function 
with no segmental wall motion abnormalities. On the 
basis of these tests it was decided to proceed with 
medical management of his coronary artery disease. 
His current medications are perindopril, aspirin, 
GTN spray, and fluticasone inhaler. His previous 
hip replacement was complicated by deep venous 
thrombosis postoperatively. The surgery is expected 
to last five hours.

Issues for discussion
Thromboprophylaxis •

Choice of anaesthesia for long procedures •

Management of postoperative pain  •

Management of intraoperative pulmonary embolic  •
syndrome
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Expert comments
Dr Rowan Molnar is a senior staff anaesthetist 
at St Vincent’s Hospital, Melbourne. He has been 
a specialist anaesthetist for 16 years. He trained 
in Australia and the US where he was a clinical 
instructor at Harvard Medical School. Dr Molnar’s 
regular practice includes surgery for orthopaedic 
surgery, with a special interest in orthopaedic 
tumour surgery and cardiac surgery. He also directs 
the anaesthesia simulation program at St Vincent’s 
Hospital, Melbourne, where he has a special interest 
in human factors and crisis resource management. 
This case study is typical of cases he manages in his 
daily practice. 

Preoperative management
In addition to the normal concerns for a patient 
undergoing revision hip joint replacement, several 
special concerns apply in this case. Namely, 
assessment and optimal management of ischaemic 
heart disease and respiratory disease as well as 
planning of postoperative analgesia. 

Intraoperative management
Following intubation, the patient should be positioned 
in the lateral position, paying attention to areas of 
pressure given the length of the procedure. A radial 
artery line and a central venous line should be 
inserted using ultrasound guidance.
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Choice of anaesthesia

A variety of approaches to anaesthesia for total hip 
replacement (THR) have been published in the medical 
literature, including general anaesthesia, spinal 
anaesthesia, neuroaxial blocks and combinations 
thereof.1–5 The author’s recommended anaesthetic plan 
for this patient would be general anaesthesia with the 
use of a postoperative epidural infusion for pain relief. 
A combined spinal and epidural injection should be 
inserted at the L 3/4 interspace using an intrathecal 
dose of bupivacaine (15 mg). 

The author’s choice for maintenance of anaesthesia 
would be desflurane because of its low blood/gas 
partition coefficient. The poor solubility of this 
agent means that there will be reliable emergence 
and recovery after prolonged duration anaesthesia. 
This is because the time to the context-sensitive 
decrement of 90% is lower than for all other 
volatile agents. Importantly, the 90% decrement 
time of desflurane is unaffected by duration of the 
anaesthesia, unlike the other volatile agents.6 

One early clinical study of desflurane enrolled patients 
aged 70 years and over, scheduled for orthopaedic 
surgery. Subjects were randomised to either 
isoflurane, desflurane or propofol. After prolonged 
anaesthesia (mean duration ≈ 200 minutes), 
the fastest immediate recovery was seen with 
desflurane.7 The immediate recovery benefits of 
desflurane were subsequently demonstrated in 
two randomised comparisons with sevoflurane. 
In a cohort of 70 elderly patients undergoing hip 
or knee replacement, desflurane was associated 
with more rapid emergence and shorter PACU stay. 
Furthermore, the incidence of postoperative cognitive 
dysfunction was reduced in the desflurane group.3 
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These findings were recently extended in a broader 
group of elderly patients (n = 50), undergoing a 
variety of long surgical procedures (e.g. orthopaedic, 
abdominal, urogenital, skin graft etc., mean duration 
≈ 140 mins). Early (but not intermediate) indices of 
recovery were significantly faster in the desflurane 
group (i.e. extubation, eyes opening, squeeze finger 
and orientation).4 Desflurane is a more costly option 
than other volatile anaesthetics, however a recent 
prospective randomised study found that this does 
not have much impact on overall cost of a procedure. 
Patients undergoing THR were randomised to 
sevoflurane, desflurane or propofol. There were 
no significant differences in terms of analgesic 
consumption, postoperative nausea and vomiting or 
cost of hospital stay. The investigators concluded that 
cost minimisation based on anaesthetic medication 
is nonsensical, given that the cost of inhaled or IV 
anaesthetics comprise 0.5%–1.0% of the total cost of 
the procedure.5 

Cardiorespiratory and vascular dysfunction

The syndrome of acute systemic hypotension, 
pulmonary hypertension, oxygen desaturation and 
occasionally cardiac arrest has been noted by many 
clinicians as a complication of procedures that involve 
manipulation and pressurisation of the femoral canal 
(including THR). It appears to be due to the release of 
embolic particles, as well as vasoactive, inflammatory 
and thrombogenic substances from the intramedullary 
canal. Rapid and profound cardiovascular collapse as 
well as desaturation are typical symptoms (Figure 1). 
A number of terms have been proposed to describe 
this syndrome, including cement implantation 
syndrome and fat embolism syndrome. 
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Figure 1. Typical monitor output during an episode of 
pulmonary embolic syndrome. 
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A study conducted at St Vincent’s Hospital, Melbourne 
revealed the high incidence of the syndrome. A series 
of 45 patients undergoing intramedullary nail fixation 
to treat metastatic femoral fractures and impending 
fractures was analysed. Acute oxygen desaturation 
and hypotension occurred in 11 patients. Three of 
these died, two required ICU management and the 
remainder made an uneventful recovery.8 

In the current patient, the anaesthetist should remain 
vigilant for signs of the syndrome, particularly at 
the time of cementation of the femoral component. 
The cardiovascular changes may be pre-empted by 
giving volume loading prior to the cementation and 
should treated with intravenous metaraminol if 
symptoms become apparent.
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Postoperative management

Choice of analgesia

Adequate pain control is crucial in THR, as it allows 
accelerated rehabilitation. The level of motivation 
of the patient is also very relevant, and good patient 
education as well as management of their expectations 
can make a positive impact.9 

The author’s approach for postoperative analgesia 
in the current patient would be to use a continuous 
epidural infusion of ropivacaine (0.2%) with 
fentanyl (4 μg/mL). Regional anaesthesia for surgery 
and postoperative pain relief has a considerable 
weight of scientific evidence to support its use in 
arthroplasty.10,11 A set of consensus recommendations 
for analgesia after THR was recently published by 
the PROSPECT Working Group (an organisation 
well known for its extensive work in assessing the 
evidence for pain treatments). The review noted that 
continuous epidural analgesia with local anaesthetic 
and opioids for cardiopulmonary risk patients is 
supported by grade A evidence.12 

Thromboprophylaxis

Thromboembolic disease is a common complication 
after total hip replacement. In the absence of 
prophylaxis, about 50% of patients will develop deep 
vein thrombosis (DVT). Associated morbidities include 
pulmonary embolism, post-thrombotic syndrome and 
recurrent DVT. The cumulative risk of recurrent DVT is 
30% eight years after a single episode of DVT.13 A recent 
Australian case series found that the prevalence of 
DVT at discharge is high, despite the use of a detailed 
algorithm for thromboprohylaxis (Table 1).14 
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Table 1. Pre‑discharge prevalence of DVT and pulmonary 
embolism after THR in an Australian hospital (n = 3,028)

All DVTs 8.9%

Distal DVTs 7.1%

Proximal DVTs 1.5%

Contralateral DVT 1.8%

In-hospital pulmonary embolism 1.2%

≥ 3 deep‑vein thrombi 4.9%

There are several options for thromboprophylaxis 
including low molecular weight heparin (LMWH), 
warfarin, aspirin and physical compression. In one 
survey around 50% of US surgeons nominated 
warfarin as their preferred agent. It is cheap and the 
oral dosing is convenient. However the need for INR 
monitoring and the slow nature of its action  
(i.e. 3–4 days are required to reach INR target) 
reduce its utility. In contrast, LMWH (dalteparin) 
is administered subcutaneously and does not 
require monitoring.15 A meta-analysis of over 10,000 
hip-replacement patients found that any agent was 
significantly better than placebo, but there was more 
bleeding in the treated groups, especially those 
receiving heparin.16 

Thromboprophylaxis in orthopaedic surgery is a 
very controversial subject. Some clinical studies 
have shown conflicting results while others have 
been criticised for employing methodologies 
that are not clinically relevant. There are several 
published guidelines and consensus statements. 
For example, the National Institute for Clinical 
Excellence recommends LMWH in addition to 
mechanical measures.17 The American College of Chest 
Physicians (ACCP) regards either LMWH, warfarin 
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(target INR 2–3) or fondaparinux as the standard 
of care. Use of aspirin is specifically discouraged by 
the ACCP in their 2004 document, due to the lack of 
good clinical trials to guide its use.13 Subsequently 
however, a British group has reported that aspirin 
has reduced 90-day mortality to zero among primary 
THR patients.18 However, in practice guidelines have 
not always been welcomed or applied, and debate 
over issues such as risk/benefit, cost/benefit and 
practicality continues.19 

In the current patient, the author’s preferred 
thromboprophylaxis strategy would be dalteparin 
(5,000 U sc) administered 8 hours after surgery and 
then a daily dose thereafter. In view of the history 
of DVT, treatment should continue for 35 days after 
surgery. This approach is supported by several 
randomised, double-blind clinical trials. A Danish 
group found that extended dalteparin treatment 
(35 days) was more effective than short-duration 
treatment (7 days), without an increase in 
bleeding.20 A US comparison of dalteparin for 
35 days with warfarin (in-hospital only, followed by 
placebo) revealed a reduced DVT prevalence with 
LMWH (20% vs 37%). The NNT was impressively 
low: treating just 24–28 patients for 35 days 
with dalteparin avoids one new post-discharge 
proximal DVT.21 
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Case presentation and issue 
register

A 56-year-old male with cirrhosis of the liver presents 
with abdominal pain, nausea and vomiting for 48 
hours. His provisional diagnosis is gut obstruction, 
secondary to adhesions resulting from a laparotomy 
(for repair of a laceration to his liver due to a stabbing 
injury five years ago). He has a history of intravenous 
drug abuse and hepatitis C. He drinks 4–5 pots of 
full-strength beer per day. There is no history or 
signs of ascites or encephalopathy. He is febrile with 
a temperate of 39.4° C. His weight is 98 kg and he is 
180 cm tall.

Table 1. Significant findings in preoperative investigations

Creatinine
Albumin
Bilirubin

Liver enzymes 

180 μmol/L (was 100 μmol/L two weeks ago)
30 gm/L
34 mmol/L
Moderately elevated

Haemoglobin 
Platelet count 

INR

98gm/dL
85,000/mL
1.8

O2 saturation 89% (on room air)

Issues for discussion
Assessment of the severity of liver disease  •
and its impact on other systems, including 
hepatopulmonary and hepatorenal syndrome 

 Immediate preoperative preparation and  •
resuscitation

 Intraoperative management •

 Postoperative analgesia •
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Expert comments
Dr Peter Moran is Director of Anaesthesia at 
Princess Alexandra Hospital, a position he has held 
since 1987. His clinical work during that time has 
involved anaesthesia for all forms of adult surgery 
with a focus on vascular, trauma and liver resection 
patients, as well as anaesthesia for renal and liver 
transplant patients. His publications and interests 
include perioperative cardiac risk and anaesthesia 
for vascular surgery and patients with liver disease. 

Preoperative assessment
The routine aspects of history, examination and 
investigations need to be addressed in all patients 
undergoing a laparotomy. Specific concerns in this 
patient relate to the impact of the liver disease upon 
the function of other organs.1–8 These include:

 encephalopathy, •

 sepsis (spontaneous bacterial peritonitis), •

 coagulopathy, •

 cardiomyopathy, •

 gastrointestinal complications  •

e.g. haematemesis secondary to portal  ǻ
hypertension, cachexia and ascites,

 renal failure (hepatorenal syndrome type I or II),  •
and

 respiratory failure  •

hepatopulmonary syndrome, hypoxaemia  ǻ
secondary to pulmonary shunts, pleural 
effusions and portopulmonary hypertension.
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An anxiolytic dose of benzodiazepines prior to 
induction is almost routine in many centres, but in 
this particular case it is contraindicated. Patients 
with a history or symptoms suggestive of early 
encephalopathy should not be given benzodiazepines, 
as they can accelerate hepatic encephalopathy. Some 
patients with hepatic encephalopathy improve when 
given flumazenil even though they have not been 
given benzodiazepines. This response demonstrates 
the close relationship between benzodiazepines and 
hepatic encephalopathy. Acute concurrent illnesses 
can precipitate or aggravate hepatic encephalopathy. 
Patients with encephalopathy should be intubated 
and ventilated if there is any suggestion that they are 
unable to protect their airway. 

Spontaneous bacterial peritonitis (SBP) can occur 
in any patient with liver failure. Twenty percent 
of patients with ascites will develop SBP and it is 
associated with a 20–40% mortality. 8 Early treatment 
with IV antibiotics after a septic screen and treatment 
of the cause (if one is found) is the only form of 
treatment that increases the chance of survival.

The coagulopathy caused by cirrhosis is usually 
related to a deficiency of the clotting factors 
synthesised by the liver. This is usually aggravated 
to a varying degree by a thrombocytopenia related to 
splenomegaly associated with portal hypertension. 
The routine approach to platelet transfusion and 
that recommended by Red Cross protocols is not 
appropriate for patients with liver disease. If the 
INR is greater than 1.5–2.0, transfusion with fresh 
frozen plasma will be necessary. The transfusion of 
platelets is usually only necessary if the platelet count 
is less than 50,000. If the patient has a chronically low 
platelet count related to splenomegaly the transfusion 
of platelets may well represent an unnecessary risk, 
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as the platelet count will rapidly return to their 
pre-transfusion level. The functional clot, as assessed 
by thromboelastrography usually demonstrates 
that there is no need for platelet transfusion in these 
patients, as long as the INR or prothrombin time is 
within 20% of the normal range. 

Although this patient’s body mass may be stable 
(due to fluid retention and ascites) it is likely that 
he is severely deficient in muscle mass. Studies 
have shown that the retention of muscle mass 
is related to postoperative survival. This has 
important implications with regard to the choice 
of muscle relaxant. Once paralysis is achieved, the 
use of a minimal amount of non-depolarising muscle 
relaxant is recommended. (In many cases this will 
mean no further relaxants.) The use of routine 
doses of relaxants, especially if repeated doses 
are administered, is likely to lead to postoperative 
weakness and the need for prolonged ventilation.9

This patient’s acute rise in serum creatinine is 
suggestive of hepatorenal syndrome (HRS). HRS is 
diagnosed when all known causes of acute renal 
failure are excluded, in the presence of a urinary 
sodium concentration less than 10 mmol/L and 
a urine osmolality greater than plasma osmolality. 
The cause of HPS is unknown. However, it is always 
associated with severe renal vasoconstriction 
and both systemic and splanchnic vasodilatation. 
HRS is usually precipitated by large-volume 
paracenteses, aggressive diuretic therapy and/or 
comorbid conditions (e.g. spontaneous bacterial 
peritonitis, sepsis). Therapy includes the liberal use 
of albumen and crystalloids as guided by urinary 
output (and central venous pressure if available), 
plus daily body weight measurements in the longer 
term. The use of splanchnic vasoconstrictors 
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(terlipressin and noradrenalin), mannitol and 
frusemide may be helpful. If mannitol or frusemide 
is used, dehydration secondary to the diuresis 
must be avoided. Most patients with liver disease 
have a chronic metabolic alkalosis. The presence 
of a metabolic acidosis is usually an indication of 
significant pathology (often sepsis). 10-13 

The causes of hypoxaemia in patients with severe 
liver disease include pleural effusions associated 
with ascites, pneumonia, chronic obstructive 
airways disease, emphysema (including α, – 
antitrypsin deficiency), hepatopulmonary syndrome 
(HPS) and portopulmonary hypertension (PPH). 
Moderate-to-severe pleural effusions may require 
drainage prior to surgery. Hypoxaemia among patients 
with HPS is due to dilated pulmonary capillaries and 
precapillary sphincters (Type 1) or, less frequently, 
to multiple large intrapulmonary arteriovenous 
fistulae (Type II). The definitive diagnosis of the 
condition requires either pulmonary angiography, 
labelled radioisotope studies or transoesophageal 
echo studies with the injection of micro-bubbles. 
However, demonstration of orthodeoxia and 
platypnoea (desaturation and shortness of breath 
when upright, compared with the supine position) is a 
characteristic feature of HPS. This is because most of 
the arteriovenous fistulae are in the lower half of the 
lung. The other causes of hypoxaemia are associated 
with no change or a lower saturation when the supine 
position is assumed.14

PPH is associated with hypoxaemia only in the very 
late stages of the disease. Early symptoms including 
fatigue and lethargy are followed by symptoms 
and signs of right ventricular failure. Non‑specific 
ECG changes are common and these are followed 
by the ECG changes of right ventricular strain and 
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hypertrophy. Echocardiography allows rapid, early 
diagnosis. A definitive diagnosis requires right heart 
catheterisation and the measurement of pulmonary 
vascular resistance. Patients with advanced liver 
disease almost always have a high cardiac output 
with a low systemic vascular resistance, except in 
the presence of severe cardiac disease or advanced 
sepsis with acidosis and dehydration. The high cardiac 
output may be associated with cardiomyopathy 
and fluid overload, which may increase pulmonary 
pressures. However 3–4% of patients with liver 
disease and portal hypertension develop pulmonary 
hypertension associated with pulmonary arteriolar 
hyperplasia, thrombosis and fibrosis. A mean 
pulmonary pressure of > 40 mmHg is associated with a 
one-year mortality of over 50%.

Perioperative hypoxaemia or hypercarbia in patients 
with moderate-to-severe PPH can markedly elevate 
pulmonary pressures, leading to right ventricular 
failure and a rapid demise.14 This scenario is best 
avoided by the echocardiographic estimation of 
pulmonary artery pressure.  Estimation of pulmonary 
artery pressures is indicated when the lethargy and 
fatigue are inconsistent with the patients clinical 
condition, there are ECG changes (either non‑specific 
or consistent with right ventricular strain or 
hypertrophy) or other symptoms or signs of right 
ventricular failure are present.
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Assessment of risk

The Child–Pugh score was developed to help predict 
perioperative outcome (Tables 2a and 2b). Due to 
the subjective nature of the assessment of ascites 
and encephalopathy, it has been replaced or used 
in conjunction with the MELD score (Table 3). 
Expected survival can be predicted by the MELD 
score (Figure 1). The current case has a Child–Pugh 
classification of B (score 8 points) and a Meld Score 
of 22 points. With risk quantified in this manner, the 
optimal strategy for management of this patient may 
be determined by the algorithm below (Figure 2).15–20

Table 2a. Child–Pugh classification of severity of liver disease

Parameter
Points assigned

1 2 3

Ascites Absent
Slight or 

controlled with 
medication only

Moderate, 
refractory 
requiring 

paracentesis

Bilirubin, µmol/L < 34 34–50 > 50

Albumen, g/L > 35 28–35 < 28

Prothrombin time
 Seconds > control

 INR
1–3

< 1.8
4–6

1.8–2.3
> 6

> 2.3

Encephalopathy None Grade 1–2 Grade 3–4
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Table 2b. Estimation of outcome based on Child–Pugh 
classification

Points Class One-year survival Two-year survival

5–6 A 100% 85%

7–9 B 81% 57%

10–15 C 45% 35%

Table 3. MELD score (Model for end‑stage liver disease) 
sample calculation15

Serum bilirubin 34 μmol/L

INR 1.8

Serum creatinine 180 μmol/L

Has the patient had dialysis 
at least twice in the past week?  
(If the patient is on dialysis they are given 
the maximum allowable creatinine level )

No

MELD score 22 points

Several online MELD calculators are available, based 
on the following formula:

MELD Score = (0.957 * ln[Serum Cr] + 0.378 * 
ln[SerumBilirubin] + 1.120 * ln[INR] + 0.643 ) * 10
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Figure 1. Relationship between MELD score and 30‑day 
mortality
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Preoperative management
Preoperatively this patient’s investigations should 
include a full blood count, a coagulation profile, 
electrolytes, liver function tests, arterial blood gases, 
septic screen, ECG and chest X-Ray. If there is no 
pleural effusion or other abnormalities on the chest 
X-ray and orthodeoxia and platypnoea is able to be 
demonstrated then it is highly likely that the patient 
does have hepatopulmonary syndrome.

The patient’s condition justifies a central venous 
catheter and an arterial line to assist rehydration. 

Intraoperative management
The intraoperative management in many ways is 
similar to that required for all patients with an acute 
gut obstruction requiring surgery, including rapid 
sequence induction and the avoidance of nitrous 
oxide. Propofol and fentanyl would be commonly 
used for induction, with fentanyl or remifentanil for 
maintenance analgesia. High doses of remifentanil 
are not recommended because of the possibility of 
acute tolerance. Although fentanyl is metabolised 
by the liver this only seems to become significant in 
advanced Child–Pugh C cases.

Many anaesthetists would prefer to use desflurane or 
sevoflurane, especially if extubation prior to transfer 
to an intensive care or high dependency unit was 
planned. Desflurane undergoes negligible hepatic 
metabolism and is cleared rapidly. There is some 
evidence that it influences the hepatic artery buffer 
response less than other agents and hence better 
preserves hepatic blood flow. 21 Although hepatitis has 
been reported with all volatile agents it is extremely 
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rare with the desflurane and sevoflurane. The order 
of hepatotoxicity is probably halothane >> isoflurane 
> sevoflurane > desflurane. The minimal or absent 
hepatotoxicity with the newer agents is consistent 
with their minimal biodegradation and their 
halogenation primarily with fluorine. Tri‑fluoroacetic 
acid is a metabolite of volatile agents thought to be 
involved in some cases of hepatitis related to volatile 
agents. The rate of metabolism of desflurane to 
tri‑fluoroacetic acid, is one tenth to one hundredth 
that of isoflurane. Desflurane is safe in patients 
suffering chronic liver disease due to a pre-existing 
acute episode of the disease (e.g. hepatitis C). 
TIVA may be appropriate for cases of short duration. 
The clearance of propofol exceeds liver blood flow 
and it is probably metabolised to some degree by 
pulmonary endothelial cells. 

There is no evidence that either the new volatile 
agents or propofol have a harmful effect on renal 
function, when they are used as recommended and an 
appropriate renal perfusion pressure is maintained.

The use of a BIS monitor will often help reduce the 
dose of maintenance agent required. This can be 
of great help in the maintenance of cardiovascular 
stability and renal and hepatic perfusion and reduces 
the need for vasopressors. 

The use of muscle relaxants should be guided by 
a nerve stimulator, as only small doses will be 
required to maintain relaxation once it is achieved. 
Cisatracurium is the preferred agent because of its 
negligible haemodynamic effects and its elimination 
being independent of liver function.

A need for a greater-than-normal volume of crystalloid 
and albumen can be expected due to the acceleration 
of the ascites associated with the laparotomy. A high–
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normal central venous pressure should be maintained 
to minimise the risk of further deterioration in renal 
function. Tissue oedema or excessive fluid retention is 
usually easily treated and more reversible than renal 
failure, which may be permanent, and is associated 
with a marked increase in mortality. (Dead nephrons 
do not regenerate.)

Care must be taken to minimise the risk of small 
bubbles of air or clot being administered intravenously 
if a diagnosis of HPS has been made, as the normal 
protective pulmonary vascular filtering mechanism 
may be impaired. HPS patients need to be treated as 
right-to-left shunt cases.

The dose of vasopressors and inotropes, 
if needed, will be greater than expected due to the 
downregulation of α‑ and β‑receptors in patients with 
chronic liver disease. A degree of cardiomyopathy is 
present in all patients with moderate-to-severe liver 
disease.

The use of a warm air convectional heating device and 
the warming of all intravenous fluids are essential to 
help maintain normothermia and decrease the risk of 
wound sepsis, the need for transfusion and the risk of 
myocardial ischaemia. 

Terlipressin or noradrenaline may be necessary if 
urinary output does not respond to rehydration and 
no other causes of renal failure are present. The advice 
of a nephrologist or gastroenterologist would be 
appropriate when this form of intervention is thought 
necessary.
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Postoperative management
Based on the predictions of MELD and Child–Pugh 
this patient will require transfer to a high dependency 
unit or ICU following surgery. The first 4–6 hours 
are crucial to avoid problems that appear at around 
72 hours post surgery. 

The presence of renal and hepatic failure 
impacts significantly on the choice of analgesics 
postoperatively. Paracetamol may be used but the size 
and frequency of doses needs to be reduced in patients 
who are advanced Childs B or Childs C patients. 
Childs A patients are usually tolerant of normal doses 
of paracetamol. NSAIDs are contraindicated in this 
scenario.

Because of the likely thrombocytopenia and the 
marked variation in hepatic and renal function, 
epidural analgesia is not appropriate in this scenario. 
The use of wound catheters for the infusion of local 
anaesthetic agents, placed appropriately by the 
surgeons at the time of surgery, may offer outcome 
advantages (as recently demonstrated for colorectal 
surgery).

Small doses of ketamine (e.g. 25 mg) will reduce the 
need for perioperative narcotics and the associated 
opiate side effects. A low-dose ketamine infusion 
(50–200 mg per 24 hours) will be of assistance in pain 
management in opiate-tolerant patients – a common 
scenario in the hepatitis C population.22

A fentanyl infusion or PCA fentanyl, if the patient’s 
mental state allows its use would usually be the major 
component of the postoperative analgesia regimen.23
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Case presentation and issue 
register
A 32-year-old man presents for day case arthroscopy 
and excision of a meniscal cyst. He has previously 
had two surgical procedures, and on both occasions 
suffered significant postoperative nausea and 
vomiting, continuing into the following day. On both 
those admissions he expected to stay overnight, which 
was fortunate, however he is now uninsured and keen 
to go home on the day of surgery.

He is a large man at 182 cm tall, weighing 130 kg 
(BMI 39 kg/m2). Recently he has been diagnosed with 
borderline Type 2 diabetes. He has been concerned 
about his weight for some time, and exercises 
when he can. His knee has bothered him enough to 
take a regular NSAID, which he thinks causes him 
“heartburn”. A proton pump inhibitor has all but 
eliminated his discomfort. There is no history of 
obvious reflux, but he reports that after a “big night 
out” he might wake with a burning sensation in his 
throat. 

Issues for discussion
Choice of anaesthetic agent •

Avoidance of postoperative nausea and vomiting  •
(PONV)

Adequate analgesia for early discharge •
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Expert comments
Dr Richard Ranger has been a member of the Victorian 
Anaesthetics Group since 1982. His usual mix of 
practice includes orthopaedics, oral/faciomaxillary, 
cosmetic plastic surgery and endoscopy. Dr Ranger 
is the Chairman of Anaesthesia at The Avenue 
Hospital. He is also on the Hospital’s Medical Advisory 
Committee for “Patient Care Review”. In addition, 
he is the former Victorian Chairman of the Australian 
Society of Anaesthetists.

Overall perspective

This type of case is not unusual nowadays and 
presents a number of challenges. As a day-stay patient, 
the issues of pain, nausea and vomiting must be 
addressed in order to ensure a timely discharge. 

Postoperative nausea and vomiting

PONV is the most common complication after 
anaesthesia, occurring in approximately 30% of 
unselected patients and over 70% of high-risk 
patients. Interestingly, patients consider vomiting 
to be the most undesirable side effect of surgery – 
they fear emesis more than pain.1 Universal PONV 
prophylaxis is not cost-effective, hence therapy must 
be targeted towards those patients who are likely to 
benefit.2 

A number of predictive models for the likelihood of 
PONV have been described. One comparative study of 
six different PONV risk scores found that simplified 
scores (such as that devised by Apfel and Koivuranta) 
provide better discrimination properties than complex 
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scoring systems.3,4 This man’s non-smoking status and 
prior history of severe PONV greatly increase his risk 
of subsequent PONV (Table 1). 

Table 1. Factors that increase the risk of experiencing PONV.

A
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re
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d

Volatile agents

Nitrous oxide

Opioids (intraoperative and postoperative)

High doses of neostigmine

P
at

ie
n

t-
re

la
te

d

Female gender

 History of PONV or motion sickness

Non-smoker

Su
rg

er
y-

re
la

te
d Long surgical procedures  

(60% PONV risk increase for each 30 minute 
increase in duration)

 Certain types of surgery  
(abdominal, major gynaecological, laparoscopic, 
breast, ENT, strabismus)

U
n

co
n

fi
rm

ed
 

ri
sk

 fa
ct

or
s

History of migraine

 Family history (parent or sibling) of PONV

 Intense preoperative anxiety

 Decreased perioperative fluids

Consensus guidelines for managing PONV recommend 
a three-step approach: evaluation of PONV risk 
category; reduction of baseline risk factors; and use of 
antiemetic prophylaxis, where appropriate. A number 
of measures can be considered to reduce baseline 
risk, including regional anaesthesia, use of propofol 
for induction and maintenance of anaesthesia, 
intraoperative supplemental oxygen, hydration, 
avoidance of nitrous oxide and minimisation of 
intraoperative and perioperative opioids and 
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neostigmine. Antiemetic prophylaxis should be 
considered in patients at moderate risk of PONV, and 
is strongly indicated in high-risk patients such as the 
current case study.2,5 

Multimodal pain management

Postoperative analgesia had traditionally been 
achieved with aggressive opioid therapy, however 
this was associated with adverse outcomes such as 
sedation, PONV and respiratory depression as well as 
tolerance and dependence. The multimodal approach, 
or ‘balanced’ analgesia, was first proposed in 1990 as 
a means of fast-tracking surgical patients. It involves 
the use of a combination of analgesics – epidural, 
opioids and non-opioid analgesics – to maximise pain 
control and minimise side effects. A number of studies 
have demonstrated that opioid-sparing (and hence 
avoidance of opioid side effects) can be achieved by 
incorporating non-opioid adjuvants.6 

Patient education is an essential component of a 
multimodal pain management strategy. Patients 
should be informed as to the available treatment 
options, and be given realistic expectations for 
pain control. Reassurance is important, as is 
an understanding by the patient that their own 
motivation levels and attitudes have a significant 
effect upon rehabilitation outcomes.7 

Preoperative management
The patient’s NSAID must be discontinued seven days 
before surgery, due to effects upon platelet function. 
It is common therefore for patients to experience a 
pain flare prior to surgery. COX‑2 specific inhibitors 
can be useful as they have no effect on coagulation, 
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and can be part of an opioid-sparing multimodal 
approach.7 Preoperative administration of COX-2 
inhibitors has be shown to be useful in a randomised 
study of patients undergoing anterior cruciate 
ligament surgery. Celecoxib (400 mg) was compared 
with paracetamol (1000 mg) and placebo 1–2 hours 
before surgery. The COX-2 inhibitor reduced PONV, 
recovery room stay and use of opioid rescue therapy.8

Intraoperative management
The management of this patient presents a challenge, 
and there are several dilemmas to consider. 
For example, what anaesthetic technique to choose? 
If general anaesthesia is decided upon, should he be 
intubated or breathe spontaneously on a laryngeal 
mask? If laryngeal mask airways (LMA) is selected, is 
a standard LMA sufficient, or is a Pro‑Seal warranted? 

Much has been written about the potential short-term 
benefits of regional anaesthesia, particularly in the 
ambulatory surgery setting.9–11 For a short outpatient 
procedure however, it is difficult to demonstrate any 
advantage for regional anaesthesia over general.7 
Indeed, one randomised study of 173 patients 
undergoing elective knee arthroscopy found the 
opposite. When outcomes with spinal anaesthesia 
(SA), propofol, desflurane and isoflurane compared 
at one week post-surgery, the incidence of headache, 
backache and lower leg pain was significantly higher 
with SA than general anaesthesia. This may be due 
to post-spinal headache and transient neurological 
symptoms.12 

It is clear that nitrous oxide should be avoided in 
the current case (because of his high risk of PONV), 
but there remains a choice to be made between total 
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intravenous anaesthesia (TIVA) and volatile agents. 
In the early 1990s TIVA was widely perceived as 
a technique to fit all needs in ambulatory surgery. 
However, the inhalational anaesthetics desflurane 
and sevoflurane have a pharmacokinetic profile 
that is preferable to that of propofol.13 This was 
demonstrated in a Swedish study of 102 patients 
undergoing ambulatory knee surgery. Subjects were 
randomised to either propofol administered by target 
controlled infusion, or to inhalational anaesthesia 
with either desflurane or sevoflurane in combination 
with nitrous oxide. The use of volatile agents was 
associated with significantly shorter emergence 
times (2–3 minutes, p < 0.01) and a 50% reduction in 
costs compared with TIVA.14 A subsequent study of 
another series of ambulatory arthroscopy patients has 
further confirmed these results. Bispectral index (BIS) 
was used to guide depth of anaesthesia with either 
desflurane or propofol (accompanied by remifentanil 
and N2O). Again, initial awakening times were shorter 
with desflurane, although in this study eligibility 
for fast-track recovery did not differ between the 
groups. The study investigators noted that the higher 
frequency of PONV with desflurane diminished its 
advantages in terms of emergence from anaesthesia 
(although their use of nitrous oxide as a carrier gas 
probably did not help matters).15 Another group 
comparing desflurane and propofol for office‑based 
surgery found that when antiemetic triple therapy 
was given (ondansetron, droperidol, metoclopramide) 
the incidence of PONV was the same in both groups 
despite the use of nitrous oxide. Interestingly, 
although anaesthesia was titrated to similar BIS 
values in both groups, there were significantly more 
instances of transient movement among the propofol 
group (40% vs 5%).16 
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With the avoidance of nitrous oxide, plus the use 
of antiemetic prophylaxis the problem of PONV 
can largely be prevented. This was recently shown 
in a study of 70 patients undergoing ambulatory 
surgery for varicose veins. All received a multimodal 
analgesia and PONV prophylaxis according to a 
standardised protocol. Subjects were randomised 
to either desflurane or sevoflurane, delivered in O2/
air. Although airway irritation was slightly higher 
in the desflurane group, emergence was 25–40% 
faster. Pain and PONV were equally infrequent in both 
groups.17 

In the author’s experience, patients such as the current 
case do not present as great a problem as might be 
expected. The landmark paper by Carden et al. showed 
that positioning the patient in a partial sitting posture 
markedly improves apnoeic oxygenation. In addition, 
freeing the diaphragm allows greater respiratory 
excursion and better ventilation.18 The benefits of 
a partial sitting position for obese are even more 
marked when pre-oxygenation is employed. A recent 
comparative study randomised a group of patients 
undergoing laparascopic gastric banding to either the 
supine position, or 25° upright. Pre-oxygenation in 
the 25° head-up position achieved 23% higher oxygen 
tensions, providing a clinically significant increase 
in the desaturation safety period during which 
intubation must be achieved (Figure 1).19 
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Figure 1. Blood oxygen levels for obese patients randomly 
assigned to pre‑oxygenation in the supine or 25° head‑up 
positions.
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Therefore, the author’s plan would be a spontaneously 
breathing anaesthetic, using an appropriate sized 
LMA, partially sitting up and with pre-oxygenation. 
A good guide is to position the tragus level with the 
sternum. Desflurane would be the author’s choice of 
volatile agent because of its favourable uptake and 
elimination characteristics. Delivery would be in 
oxygen and air, avoiding the potential emetic effects 
of nitrous oxide. BIS monitoring would help determine 
the rather high inspiratory concentration required.

Selection of an appropriate muscle relaxant is another 
dilemma in the management of an ambulatory 
surgical patient. The ideal agent for this setting 
would have a quick onset of action, a short duration 
of action and rapid recovery (with or without 
reversal). Other desirable characteristics include lack 
of histamine release, provision of haemodynamic 
stability and low price. Unfortunately none of the 
available agents fits these requirements perfectly. 
Although cheap and widely used, succinylcholine can 
be associated with muscle pains due to its depolarising 
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mode of action. Mivacurium has a slow onset of 
effect and can cause side effects associated with 
histamine release. Difficulties in reversing the effects 
of succinylcholine and mivacurium are encountered 
in some individuals and are usually attributable to 
atypical acetylcholinesterase. Rocuronium has a 
duration of action that is perhaps slightly too long 
for day case surgery (approximately 40 minutes), 
however it is useful in the ambulatory setting when 
given at a reduced dose, with reversal of its effects 
with neostigmine if required. (Unfortunately 
however, neostigmine increases the risk of PONV.)20 
The practical issues associated with muscle relaxants 
were illustrated in a comparative study of 100 
patients undergoing laparascopic outpatient surgery. 
Onset of action was fastest with succinylcholine, then 
rocuronium, then mivacurium. Mylagia was seen in 
16% of the succinylcholine-treated patients (compared 
with none in the other groups), and upper body 
erythema was seen in 20% of mivacurium-treated 
patients. There was an increased need for reversal 
among the rocuronium group, and the incidence of 
PONV was similar in all patients.21 

Antiemetic prophylaxis must be given in this patient. 
The author’s approach would be triple therapy of 
dexamethasone, a 5-HT3 receptor antagonist, and a 
low dose of droperidol, all be given in the OR. Although 
there is an excellent evidence base to support the 
use of dexamethasone,2 it is known to increase blood 
glucose. There are few data to provide guidance on 
this topic, however one Belgian group examined a 
series of 63 diabetic and non-diabetic patients who all 
received 10 mg of dexamethasone upon induction of 
anaesthesia. Blood glucose concentrations increased 
significantly in both groups. Subjects with a higher 
BMI had an increased propensity to prolonged 
elevation in glucose levels.22 Despite the numerous 
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limitations of this study, it nevertheless serves as 
a caution and should encourage anaesthetists to 
closely monitor blood glucose in patients with poorly 
controlled diabetes and/or obesity.23 

Postoperative management
Analgesia for this patient should be based on 
multimodal principles. Intraoperatively, the author 
would choose a short-acting opioid; either fentanyl 
or alfentanil. Fentanyl is preferred because of its 
longer half life continuing into the recovery period. 
Paracetamol plus an NSAID or COX 2 inhibitor 
should also be given. Tramadol should be avoided as 
nausea and vomiting are very common side effects. 
Consideration should be given to sending him home 
with a some ondansetron wafers for self-rescue if 
emesis recurs at home. 
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