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It is my honour to write the foreword for this eleventh edition of the Malaysian Society of 
Anaesthesiologists (MSA) Year Book 2018/2019. The theme for this edition is “Anaesthesia: 
Challenges in the 2020s” which is apt as we embark on a new decade of latest techniques, 
technologies and challenges which will shape the future of our profession. The publication of the 
year book is part of the activities organised by the MSA to promote continuing education and also 
to encourage members of our profession to share their knowledge and expertise within the areas 
of their respective niche.

In this edition, ten topics covering different aspects related to anaesthesia are published. The 
topics discussed in the current edition not only address challenges in our clinical aspect but also 
the training of anaesthesiologists and explore our thoughts on complementary medicine such as 
acupuncture in anaesthesiology.

I would like to express my sincere appreciation to all the authors for their amazing academic 
literatures and the peer reviewers for their great  efforts in reviewing the articles. Last but not 
least, I would like to thank this year’s Editors, Dato’ Dr Wan Rahiza Wan Mat and Dr Azarinah 
Izaham, for their contribution to the production effort of the MSA Year Book 2018/2019.

Professor Dr Marzida Mansor
President
Malaysian Society of Anaesthesiologists 2019-2021

 Foreword
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The Malaysian Society of Anaesthesiologists (MSA) Year Book is here again! We would 
like to express our gratitude to the MSA for entrusting us with the 11th edition of the MSA 
Year Book for the year 2018/2019. We would also like to thank the authors and reviewers 
for taking their time away from their busy schedules to write and review these articles.

It was a great challenge for us to choose this year ’s theme since the previous 10 editions 
had covered so many areas of anaesthesiology and critical care. In the end we chose 
our inspiration from the evolution of our practice from those previous 10 editions and 
into the new decade. This evolution brings its own challenges which include not just 
anaesthesia techniques and monitoring, but also in maintaining Malaysia’s standards in 
the practice of anaesthesiology and critical care in the face of changing characteristics in 
the population of patients.

We, therefore, begin with the current recommendations for monitoring patients, the 
population of special patients, the techniques that have been refined in our current 
practice and how the training of an anaesthesiologist has evolved. Additionally, 
complementary medicine is one of the growing subjects in our field and the recently 
discovered physiological phenomenon affecting the pharmacology in our daily practice is 
also discussed in this edition.

We hope that the broad range of topics discussed in this edition will give the readers some 
perspective of the few challenges that we will face in the decade to come.

Happy reading!

Dato’ Dr Wan Rahiza Wan Mat
Dr Azarinah Izaham
Editors
MSA Year Book 2018/2019

Preface
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INTRODUCTION

Intraoperative neurophysiological monitoring 
(IONM), an advanced modality of monitoring 
during surgery, is capable of monitoring the 
integrity of the neurophysiological system either 
at the brain, spinal cord or peripheral nervous 
system levels. The use of multimodal IONMs could 
improve the precision of targeted surgical excision, 
prevent potential injury to the nervous system 
and preserve neural integrity in real time during 
general anaesthesia. The benefits of multimodal 
IONMs have been well-described in various types 
of surgeries, such as complex spine surgery, major 
vascular surgery and thyroid surgery.1-3 However, 
there are limited reviews focusing on IONMs during 
various types of brain surgery.

The concept of multimodal IONMs is very important 
during brain surgery because there is no single 
device that could function as the sole monitor to 
all complex physiological functions of the brain. In 
a retrospective study of 240 patients undergoing 
brain surgery using IONMs, the sensitivity of 
somatosensory evoked potentials (SSEPs) in 
motor dysfunction detection was low (33%), 
while the specificity was relatively high (82%). 
These characteristics for visual and motor evoked 
potentials (MEPs) were close to 100%, provided that 
the parameters of anaesthesia met the corresponding 
requirements. The most effective methods in respect 
to prevention of postoperative dysfunctions were 
the stimulation mapping of functionally significant 
areas (motor and speech) and motor pathways 
mapping.4 In their retrospective study on 31 patients 
who underwent brain surgery for the resection of 
lesions located in eloquent areas using IONMs, 
Brandmeier et al concluded that IONM helped the 
surgeons to maximise resection of lesions in or close 
to eloquent areas of the brain. However, using only 

one modality was not sufficient as a combination of 
modalities was required to obtain a better outcome.5

Multimodal IONMs during brain surgery is used 
not only for monitoring, but also as a tool to guide 
identification of a targeted focus in surgery. For 
example, it may be used in epilepsy surgery and 
as a guide to precisely place the tips of a specific 
stimulation catheter, as in deep brain stimulation 
surgery (DBS). There are a variety of brain surgeries 
that have used IONMs, such as brain oncology 
surgery, awake craniotomy, neurovascular surgery, 
epilepsy surgery and paediatric brain surgery.5-8

Although the uses of IONMs are mainly for 
surgical benefits, the anaesthesiologists must 
also be knowledgeable in those modalities. The 
reason for this is that anaesthesia management and 
intraoperative physiological changes could affect 
the interpretation of the monitoring.

This review aims to highlight the types of IONMs 
used in specific brain surgeries, the effects of common 
anaesthetic drugs to IONM and the anaesthesia 
strategies related to the use of multimodal IONMs 
during brain surgery.

MODALITIES OF IONMs

Motor Evoked Potentials (MEPs)

MEPs, a method of monitoring the functional 
integrity of descending motor pathways, can be 
obtained by transcranial stimulation, either by direct 
stimulation of the motor cortex or by the stimulation 
of the descending motor tracts at the spinal cord 
level. The stimulation can be either magnetic or 
electrical, but electrical stimulation is only utilised 
under general anaesthesia.9,10

Intraoperative Neurophysiological Monitoring 
During Brain Surgery: Strategies Of Anaesthesia 
Management

Wan Mohd Nazaruddin Wan Hassan
Associate Professor, Department of Anaesthesiology and Intensive Care, School of Medical Sciences, 
Universiti Sains Malaysia, Kubang Kerian, Kelantan, Malaysia
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Stimulation of the pyramidal and internuncial 
cells in the brain generates D (direct) and I 
(indirect) waves recorded from the epidural space. 
However, responses are most commonly recorded 
as compound muscle action potentials (CMAPs) in 
peripheral muscle groups. For the upper extremity, 
the adductor pollicis brevis is usually monitored, 
while the tibialis anterior, lateral gastrocnemius, 
and/or abductor hallucis are monitored for the 
lower extremity. Thus, MEPs monitor the integrity 
of corticospinal tract from motor cortex to peripheral 
nerve.11

Some studies reported the use of MEP monitoring 
during brain surgery. Shiban et al assessed the 
correlation of continuous stimulation of subcortical 
MEPs which was attached to an ultrasonic surgical 
aspirator with standard intermittent monopolar 
stimulation during resection of motor eloquent 
lesion in 14 patients. The threshold of stimulation 
was assessed using both techniques at the same 
points within the resection cavity. The result showed 
that both stimulation techniques were identical and 
correlated in stimulation intensity and the threshold 
was ranged from 3 to 18 mA. Despite of MEP 
monitoring, one patient developed new permanent 
neurological deficit and 28% (4 of 14) of cases had 
transient new postoperative paresis.12

Obermueller et al investigated the differences of 
IONM for cerebral metastases and glioma resection 
concerning sensitivity, specificity and predictive 
values when aiming for preservation of motor 
function. They resected 171 eloquently located 
tumours (56 metastases, 115 gliomas) associated 
with the rolandic cortex or the pyramidal tract using 
IONM via direct cortical MEP. The result showed 
that MEP monitoring was successful in 158 cases 
(92.4%) and was more significantly stable in glioma 
cases (65.2%) than metastases cases (54.7%). After 
resection of metastases cases, 21.4% of patients 
improved and 21.9% deteriorated in motor function, 
whereas in glioma patients, only 5.4% of patients 
improved and 31.3 % worsened in motor function.13

Other than for the surgery of brain tumours, MEPs 
also have been used in clipping of cerebral aneurysms 
surgeries. Staarmann et al studied the sensitivity and 
specificity of IONMs, using transcranial MEPs and 
SSEPs for early detection of ischemic changes during 
temporary clipping in patients who undergo clipping 
of cerebral aneurysms surgery. The results showed 
that of 133 clipped aneurysms, 15 instances of IONM 
changes occurred, including 12 temporary without 
new postoperative deficits and three permanent 
with new postoperative deficits. SSEPs monitoring 
predicted one of the permanent deficits and MEPs 
predicted the other two deficits. They concluded 
that multimodal IONM was highly specific and 
sensitive for detecting new deficits. Three patients 
with new deficits had temporary clipping, including 
two patients with IONM changes not temporally 
associated with clip placement. Their 1.1% rates 
of permanent neurologic deficit from temporary 
clipping support its safety.14

Among all types of IONMs, MEPs are the most 
sensitive to the effect of anaesthetic drugs. All 
volatile agents, including nitrous oxide, decrease 
MEPs amplitude, but it is still recordable with a 
minimum alveolar concentration (MAC) of <0.5. 
Propofol also decreases MEPs amplitude, but the 
waveform is recordable within anaesthetic doses. 
However, with high doses of propofol, MEPs 
waveform may disappear.15 Although propofol 
had a dose-dependent effect on MEP amplitude, 
anaesthesia could be maintained with remifentanil 
and propofol from 4 to 8 mg/L to allow recording 
and interpretation of MEP signals.16 A study on 
the effects of various stimulation patterns on 
MEPs at different levels of cortical suppression by 
propofol showed that at propofol target plasma 
concentrations <3 µg/mL, maximal MEP amplitudes 
were elicited by quadruple stimulation at 100 Hz. 
When progressive cortical suppression resulting from 
propofol target plasma concentrations beyond 3 µg/
mL, the most effective stimulation frequency shifts 
to 200 Hz.17 Scheufler KM et al studied modifying 
effect of different stimulation patterns (300-500 V; 
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100-1000 Hz; 1-5 stimuli) during different propofol 
target plasma concentrations (2, 4, and 6 µg/mL) 
on intraoperatively recorded transcranial electrical 
MEPs in 12 patients undergoing craniotomy. The 
result showed that MEP characteristics varied 
significantly in response to changes in stimulation 
pattern and less to changes in propofol target plasma 
concentrations.18

 
Other common IV intraoperative drugs also have 
been described on their effects to MEPs. Etomidate 
increased MEPs amplitude at low doses, but 
decreases it at higher doses. Ketamine has minimal 
effect on MEPs amplitude, but increases it at low 
doses. Benzodiazepine also has minimal effect 
on MEPs amplitude at low doses, but causes a 
prolonged decrease at higher doses. Opioids have 
minimal effect on MEPs amplitude even at high 
doses. Dexmedetomidine also has minimal effect 
on MEPs amplitude, but decreases it at higher 
doses. Lignocaine’s effect is also minimal to MEPs 
amplitude and can be used as an intravenous 
supplement during MEP. Muscle relaxant is always 
avoided during MEPs recording.15

Based on the recommendation from the American 
Society of Neurophysiological Monitoring, 
intravenous (IV) anaesthesia usually consisting of 
propofol and opioid is optimal for muscle MEPs.19 
However the combination of total intravenous 
anaesthesia (TIVA) with low MAC of volatile 
agents particularly desflurane is a possible option 
in patients with intact neurological function. Chong 
CT et al compared the effects of increasing MAC 
(0.3, 0.5, and 0.7) of desflurane and sevoflurane in 
a background of propofol (75 to 125 µg/kg/min) 
and remifentanil (0.1 to 0.2 µg/kg/min) infusion. 
The study showed that volatile agents (sevoflurane 
> desflurane) suppress MEP amplitudes in a dose-
dependent manner. The use of 0.3 MAC of desflurane 
(but not sevoflurane) provided good MEP recordings 
that are acceptable for clinical interpretation for 
both upper and lower limbs. The study also found 
that the lower limbs appeared to be more sensitive 
to anaesthetic-induced depression compared with 
the upper limbs. However, this study was based on 

patients with normal neurological examination and 
hence, these results may not be applicable to those 
with pre existing deficits.20

Somatosensory Evoked Potentials (SSEPs)

SSEPs are the most commonly used evoked potential 
monitoring modality in the operating room. An 
electrical stimulus is applied to a peripheral nerve 
typically the median or ulnar nerve at the wrist 
for upper extremity SSEPs and the posterior tibial 
nerve at the ankle for lower extremity SSEPs using 
a needle or surface electrodes near the nerve. Motor 
and sensory components of these large, mixed 
nerves are stimulated in visible muscle twitches in 
distal musculature (confirming stimulation and lack 
of significant muscle blockade), while activation 
of the sensory components result in responses that 
travel along the sensory pathway and ascend to the 
brain.21,22

The use of SSEPs during brain surgery is usually 
in combination with MEPs. There are many studies 
describing the use of SSEPs during brain surgery. 
Shiban et al analysed retrospectively the use of 
transcranial MEPs and SSEPs for monitoring of 
microsurgical resection of brainstem cavernomas 
which carries a high risk of new postoperative 
morbidity and functional deterioration. The use of 
these IONMs was technically feasible in this surgery 
but they encountered high rates of false-positive and 
negative results which resulted in low positive and 
relatively high negative predictive values. Therefore, 
even though the MEPs and SSEPs are helpful, careful 
interpretation of the IONM results is essential in 
order to avoid potentially unjustified termination 
of brainstem cavernoma resection.23 Furthermore, 
the use of continuous SSEPs monitoring has also 
been described for fully awake craniotomy surgery 
for the resection of primary supratentorial brain 
tumours near or in eloquent brain areas.24

The choice of anaesthetic drugs is also important 
in facilitating SSEPs recording, but it is slightly less 
sensitive than during MEPs monitoring. In general, 
volatile agents decrease SSEPs amplitude but the 
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evoked potentials recording is still acceptable 
within MAC of <1.0. However, if patients have any 
degree of baseline neurologic impairment, even 
at low MAC, the potentials might be eliminated 
and monitoring might be impossible. Among IV 
induction agents, only etomidate and ketamine 
increase SSEPs amplitude at low doses. Otherwise, 
at high doses, etomidate decreases the amplitude but 
ketamine shows only minimal effect. Propofol is a 
commonly chosen drug during SSEPs monitoring as 
part of TIVA with opioid. Although it also decreases 
SSEPs amplitude, the waveform is still acceptable 
within anaesthetic doses. Other drugs for example 
benzodiazepine (at low doses), opioids (even at 
high doses), dexmedetomidine and lignocaine have 
only minimal effect to SSEPs. There is no restriction 
for using muscle relaxant drugs during SSEPs 
monitoring.15

Brainstem Auditory Evoked Potentials (BAEPs)

BAEPs, also known as brainstem auditory evoked 
responses or auditory brainstem responses, are 
specialized sensory evoked potentials. An acoustic 
stimulus (a loud, repetitive click) is made in the 
ear canal using an ear insert device. The sound is 
transduced by ear structures, with information 
conducted to the brainstem via the eighth cranial 
nerve. Recording electrodes are placed at the head 
near the ear (i.e. mastoid process or ear lobe). Five 
main short-latency peaks (I to V) are usually seen 
within the first 10 milliseconds after stimulation.25

BAEPs are also usually used as part of multimodal 
IONMs and complement SSEPs and MEPs during 
surgery. It is used most commonly in cerebellopontine 
angle (CPA) tumour surgery. Schramm et al 
reported 135 cases of posterior fossa surgery almost 
exclusively in the CPA, using BAEPs and partly 
SSEPs. The series consisted of 20 microvascular 
decompressions, 63 acoustic neurinomas, 7 vascular 
lesions and 45 other space-occupying lesions, 
mostly in the CPA. BAEPs monitoring alone was 
employed in 76 cases, but not as frequently for 
combined BAEPs and SSEPs monitoring. Analysis 
showed the presence of technical problems (17 in 
135 = 13% of cases) and technical failures (11 of 135 = 
8%).26 Additionally, another retrospective study has 

described the use of BAEPs as a part of multimodal 
IONMs in patients who underwent arteriovenous 
malformation surgery.7

In terms of anaesthetic effect, BAEPs are resistant to 
the effects of inhalation anaesthetics as compared 
with other forms of IONMs.25

Visual Evoked Potentials (VEPs)

VEPs are specialized sensory evoked potentials of 
the visual pathway recorded from the visual cortex 
after flash stimulation of the retina through closed 
eyelids.27

The use of VEPs has been described in some of 
previous studies. Gutzwiller et al performed brief 
monitoring of the visual system with flash visual 
VEPs during brain lesion resections (white LEDs, 
protected from the lights of the operating room). 
The possible decreases in VEPs were analysed 
relative to electroretinograms, triggering an alarm 
only if certain criteria were met. VEPs appear to be 
a reliable intraoperative tool to detect new deficits 
in visual fields that are more severe than a discrete 
quadrantanopia. Early changes in VEPs could 
trigger corrective surgical actions and contribute to 
preserving vision.28 San-Juan et al reported the case 
of a patient with optic nerve schwannoma and the 
first use of IONM of VEPs during the removal of 
such tumour with no postoperative visual damage. 
In this case, the epidural direct electrical stimulation 
of the optic nerve provided stable waveforms during 
optic nerve schwannoma resection without visual 
loss.29

In terms of anaesthetic effect, VEPs are sensitive 
to inhalation anaesthetics and their amplitude 
were reduced with increasing concentration of 
inhalational anaesthetic agents.9

Electromyography (EMG)

EMG is used to monitor muscle activity, either by 
spontaneous or evoked CMAPs. EMG is monitored 
in muscles innervated by cranial or spinal nerves 
that are at risk during surgery.15



MALAYSIAN SOCIETY OF ANAESTHESIOLOGISTS

9

In neurosurgery, EMG is commonly used for 
surgery of the lesion at cerebellopontine angle area 
as described by Duarte-Costa et al in their acoustic 
neuroma removal. They conducted a prospective 
recording of facial nerve function using EMG 
and subsequently reviewed the intraoperative 
neurophysiologic data for predicting long-term facial 
nerve function. The stimulation of the facial nerve 
was performed proximal and distal to the tumour 
locus after tumour removal, using the measurement 
of amplitude and latency responses in the orbicularis 
oculi and oris muscles. Their results showed that 
lower proximal amplitude and proximal-distal 
amplitude ratio were significant predictors of poor 
facial nerve function. Additionally, the study also 
showed a difference in the proximal latency time 
between the good and poor prognosis groups.30

Anaesthetic drugs have no effect on EMG recording, 
but the use of muscle relaxant should be avoided.21

Electroencephalography (EEG)

EEG records electrical activity in the cerebral cortex 
and can detect ischemia and seizure activity, as well 
as assess the impact of the anaesthetic agents on the 
brain.31

Skoch et al reviewed the history, indications, 
implementation and foreseeable future of invasive 
EEG monitoring with implantable subdural 
electrodes and intraparenchymal depth electrodes 
in epilepsy surgery. Improved localisation of 
epileptic foci justifies the secondary procedure and 
monitoring period in many patients. Informed use 
of invasive monitoring in conjunction with imaging 
and functional studies make epilepsy surgery a 
smaller, safer and more effective endeavor.32

Lyu et al evaluated and compared the benefits 
of long-term invasive EEG monitoring and two-
stage surgery with the classical approach in order 
to examine their effect on post-surgical brain 
function and complications in anterior temporal 
lobectomy (ATL) for temporal lobe epilepsy in 198 
patients. They concluded that preoperative invasive 
monitoring with long-term EEG helps locate the 

epileptic foci precisely. Postsurgical complications 
are rare compared to classical ATL, with better 
prognosis and seizure freedom after surgery.33

All anaesthetic agents affect the EEG; this is the basis 
for the use of so many monitors on the impact of 
anaesthesia on the brain. EEG is normally used as 
IONM for epilepsy surgery to identify the focus of 
epilepsy before excision. The excision is performed 
in awake craniotomy surgery.34 Therefore, during 
recording of intraoperative EEG, a fully awake state 
is recommended or light sedation with low doses 
dexmedetomidine is acceptable.35

Microelectrode Recording (MER)

MERs of single unit neuronal activity were 
used during stereotactic surgery to define the 
subthalamic nucleus (STN) for chronic deep brain 
stimulation in the treatment of Parkinson's disease. 
By using five parallel trajectories, often two to three 
microelectrodes allow us to recognize STN neuronal 
activity. STN neurons were easily distinguished from 
cells of the overlying zona incerta and the underlying 
substantia nigra. During a typical exploratory track, 
we can observe a very low background noise in 
the zona incerta and almost complete absence of 
single cell recording. Penetration of the electrode 
tip into the STN is characterized by a sudden 
increase in background activity and single cell 
activity of spontaneously active neurons. The exit 
of the electrode tip out of the STN corresponds to 
a decrease in background noise and a loss of single 
cell activity. The use of microelectrode recording 
of the subthalamic area improves the accuracy of 
targeting the STN.36

Andrade-Souza et al reviewed 14 patients with 
Parkinson's disease treated with bilateral STN 
DBS (28 STN targets). Electrode implantation was 
based on direct and indirect targeting using two-
dimensional magnetic resonance imaging (MRI), 
which was refined by microelectrode recording. 
Optimal settings, including the contacts used, 
were determined during the clinical follow-up. 
The position of the best contact was defined with 
postoperative MRI. This location was compared 
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with the modified direct, indirect and red nucleus 
(RN) based targets. The mean distances between the 
targets and the final position of the optimal contact 
were calculated. The accuracy and variance of each 
target were analyzed. The data concluded that the 
use of the RN as an internal fiducial marker for 
targeting the optimal region of STN stimulation was 
reliable and closely approximates the position of the 
electrode contact that provides the optimal clinical 
results.37

The DBS surgery for electrode placement is always 
performed in awake craniotomy. During MERs, 
normally the patient is kept fully awake without 
sedation in order to prevent any effects of drugs 
to the recording.38 Dexmedetomidine has been 
reported to provide interpretable STN MERs. The 
result of the study by Elias et al suggested that the 
administration of dexmedetomidine infusions 
should be without a loading dose, at relatively low 
infusion rate, and discontinued after completion of 
the bur holes for interpretable MERs.39

Recommendation for Anaesthesia Strategies

In any brain surgery which requires IONMs, the 
consideration of anaesthetic strategies are based on 
the indication of surgery; the type of craniotomy, 
whether general anaesthesia or awake surgery; the 
co-morbidities of the patient; and the types of IONM 
planned to be used. Table 1 shows the options of 
anaesthetic strategies based on common brain 
surgeries with IONM.

Conclusion

The use of IONMs during brain surgery is not as 
common as their uses in spine surgery, and there are 
also only few reviews that have specifically focused 
on it. However, with the advancement of brain 
surgery and more availability of IONM facilities, the 
use of multimodal IONMs might be more common 
during brain surgery in the future. Basic knowledge 
of each of the monitoring systems, common surgeries 
indicated with IONM and drug effects on IONM are 
important to strategize the anaesthetic management 
for the patient.

Table I: Anaesthesia strategies for brain surgery with IONMs

TYPES OF 
IONMs

SSEP, MEP, ±VEP

SSEP, MEP, ±VEP

SSEP, ±VEP

EXAMPLE 
OF TYPE OF 
SURGERY

Supratentorial 
brain surgery under 
general anaesthesia 
(GA)

Supratentorial brain 
surgery under GA

Supratentorial brain 
surgery under GA

PRESENCE OF 
BASELINE 
NEUROLOGICAL 
DYSFUNCTION OR
INTRACRANIAL 
HYPERTENSION

Yes

No

Yes

ANAESTHESIA STRATEGIES

- TIVA/TCI with propofol-remifentanil 
 with restriction of muscle relaxant for 
 intubation

Options:
- TIVA/TCI with propofol-remifentanil 
 with restriction of muscle relaxant for 
 intubation
- Combine TIVA/TCI with propofol-
 remifentanil with < 0.5 MAC of 
 inhalational agent (desflurane is 
 preferable) with restriction of muscle 
 relaxant only for intubation

- TIVA/TCI with propofol-remifentanil ± 
 muscle relaxant
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TYPES OF 
IONMs

SSEP, ±VEP

SSEP, BAEP, EMG

SSEP, BAEP, EMG

EEG

SSEP, MEP

Microelectrode 
recording 

EXAMPLE 
OF TYPE OF 
SURGERY

Supratentorial brain 
surgery under GA

Posterior fossa 
surgery under GA

Posterior fossa 
surgery under GA

Awake craniotomy 
for epilepsy surgery

Awake craniotomy 
for lesion excision at 
eloquent area

Awake craniotomy 
for DBS surgery

PRESENCE OF 
BASELINE 
NEUROLOGICAL 
DYSFUNCTION OR
INTRACRANIAL 
HYPERTENSION

No

Yes

No

No

No

No

ANAESTHESIA STRATEGIES

Options:
- TIVA/TCI with propofol-remifentanil ± 
 muscle relaxant
- Combine TIVA/TCI with propofol-
 remifentanil with < 1.0 MAC of 
 inhalational agent ± muscle relaxant
- Inhalational anaesthesia < 1.0 MAC ± 
 muscle relaxant

- TIVA/TCI with propofol-remifentanil 
 with restriction of muscle relaxant for 
 intubation

Options:
- TIVA/TCI with propofol-remifentanil 
 with restriction of muscle relaxant for 
 intubation
- Combine TIVA/TCI with propofol-
 remifentanil with < 1.0 MAC of 
 inhalational agent with restriction of 
 muscle relaxant only for intubation
- Inhalational anaesthesia < 1.0 MAC 
 with TCI remifentanil with restriction 
 of muscle relaxant only for intubation

Options:
- Monitored anaesthesia care with 
 dexmedetomidine ± TCI remifentanil ± 
 scalp block
- Monitored anaesthesia care with TCI 
 propofol ± TCI remifentanil ± scalp 
 block

Options:
- Monitored anaesthesia care with 
 dexmedetomidine ± TCI remifentanil ± 
 scalp block
- Monitored anaesthesia care with TCI 
 propofol ± TCI remifentanil ± scalp 
 block

- Monitored anaesthesia care with 
 dexmedetomidine ± TCI remifentanil ± 
 scalp block

TIVA/TCI = Total intravenous anaesthesia/target-controlled infusion
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INTRODUCTION

Enhanced recovery after surgery is an evidence-
based multimodal perioperative care protocol which 
aims for early postoperative recovery by preserving 
organ function preoperatively, and reducing the 
postoperative stress response.1 Inspired by Danish 
Professor of Surgery, Dr Henrik Kehlet, its concepts 
and guidelines is a significant part of care to various 
surgical patients in Europe and UK.2-4 The traditional 
perioperative care in colon surgery including 
prolonged fasting, bowel preparation, routine 
drain use, immobility and delayed oral intake was 
questionable and not scientifically proven.3,4 A 
collaborative perioperative care group was initiated, 
and this led to the formation of the ERAS® Society in 
2010 (https://www.erassociety.com).

Consensus guidelines of perioperative care for 
various surgeries including colorectal, gastric, 
pancreas, liver, bariatric, urology, gynaecology, 
head and neck, cardiac and thoracic, which focused 
on preoperative counselling, optimising nutrition, 
electrolyte and fluid balance, minimally invasive 
surgical techniques, non-opioid multimodal 
analgesia, early ambulation and oral intake were 
developed.4 Implementation of the ERAS protocol 
requires multidisciplinary involvement of surgeons, 
anaesthesiologists, physicians, nurses, nutritionists, 
physical and occupational therapists and social 
workers.4

EFFECTS OF THE STRESS RESPONSE TO 
SURGERY

Surgery activates the metabolic, hormonal, 
haematological, immunological and sympathetic 
nervous systems, leading to the stress response. 
Consequently pituitary hormone secretion, fat 
and protein catabolism increases, resulting in 
substrate mobilisation for energy sources, with salt 
and water retention to maintain fluid volume and 

cardiovascular homeostasis.5 The pathophysiology 
of this stress response forms the basis of therapeutic 
interventions in the ERAS protocol.

Sympathetic Nervous System

Activation of sympathetic autonomic nervous 
system results in increase secretion of catecholamines 
and release of noradrenaline. This increase in 
sympathetic activity is responsible for hypertension, 
tachycardia, renin and glucagon release. Renin 
causes peripheral vasoconstriction, and aldosterone 
leads to sodium and water retention. Glucagon 
promotes liver and muscle glycogenolysis, 
increasing glucose and lactate concentrations, and 
free fatty acid mobilisation.5,6

Adrenocorticotrophic Hormones and Cortisol

Anterior pituitary adrenocorticotrophic hormones 
stimulate adrenal cortex cortisol secretion within 
minutes of surgical commencement. The magnitude 
and duration of increased levels of these hormones 
correlate with the severity of insult.5 These 
hormonal levels remain high postoperatively since 
the physiological hypothalamic-pituitary-adrenal 
axis (HPA) feedback control mechanism is still 
ineffective.5,6

The enhanced metabolic effects of cortisol on protein, 
fat and carbohydrate, promotes protein breakdown, 
lipolysis and liver gluconeogenesis. Impaired cell 
utilisation of glucose (‘anti-insulin effect’) causes 
hyperglycaemia.6

Hormonal Changes

The increase in growth hormone secretion is 
proportionate to the severity of tissue injury. It 
promotes glycogenolysis and lipolysis, inhibits cell 
uptake and utilisation of glucose, prevents protein 
breakdown, and promotes tissue repair.5,6
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Posterior pituitary secretion of arginine 
vasopressin, an antidiuretic hormone, is increased 
intraoperatively. It acts as a vasopressor and 
promotes haemostasis.5,6

The secretion of insulin, an anabolic hormone, may 
be reduced intraoperatively with <-adrenergic 
inhibition of catecholamine on pancreatic ®-cells. 
The body fails to increase insulin secretion to match 
catabolic and hyperglycaemic responses.5 In addition, 
cellular insulin resistance, which is precipitated 
later, contributes further to perioperative insulin 
deficiency.6

Postoperatively, thyroid (T4 and T3) hormone 
levels are inversely correlated with sympathetic 
stimulation, with reduced production. Testosterone 
and oestrogen concentrations are also reduced 
for several days in both male and female patients. 
Conversely, ®-endorphin and prolactin secretion is 
increased and may alter immune function.5,6

Immunological and Haematological Changes

The effects of cytokines and acute phase proteins 
include fever, granulocytosis lymphocytosis, 
leucocytosis, haemostasis, limitation of tissue 
damage and promotion of healing.5-7

Surgery and Nociception

Cell disruption during surgical incision and 
tissue manipulation leads to various intracellular 
chemical mediator release. These include cytokines, 
bradykinin, prostanoids, adenosine, potassium 
and nerve growth factors that are responsible in 
activating peripheral pain A™ and c-fibres (primary 
hyperalgesia).6,7 The release of pro-inflammatory 
substances and substance P also sensitises 
inactive A™ nociceptors of adjacent non-injured 
tissues (secondary hyperalgesia). Both primary 
and secondary hyperalgesia increased firing at 
dorsal horn neurons of the spinal cord (central 
sensitisation).7

Sympathetic nervous system stimulation, activation 
of the HPA and systemic release of pro-inflammatory 
cytokines are major determinants of postoperative 

insulin resistance, which if not attenuated, may lead 
to multiorgan dysfunction.7

Role of Anaesthesiologists in Implementing 
ERAS

The anaesthesiologist’s role is vital in many aspects 
of the ERAS protocol. It begins from the pre-
hospital admission at the anaesthesia clinic, for risk 
assessment, education, preoperative optimisation 
and referrals to other specialties.7,8 During the 
immediate preoperative period, anaesthesia 
technique and perioperative care is planned. 
Intraoperatively, anaesthesiologists manage fluid 
therapy and perioperative analgesia, monitor 
vital parameters and prevent hypothermia.1,3,7 
Postoperative patient care continues in the recovery 
area, general wards, post-anaesthesia care unit/
high dependency unit or intensive care unit. 
Anaesthesiologists contribute in the implementation 
of ERAS as part of team leadership, and ensuring 
protocol compliance, regular audit and continuous 
education.7,8

Recommendations by ERAS and Anaesthesia 
Consideration

A. Preoperative Care

Preoperative counselling, education and 
information about anaesthesia reduce patient 
anxiety and emotional distress. This improves 
postoperative recovery and pain control, increase 
patient adherence to care plan, hence promote 
early recovery and discharge. Preoperative 
optimisation of chronic diseases like cardiovascular 
diseases, diabetes mellitus and chronic obstructive 
pulmonary disease should be initiated at primary 
care level during pre-admission.8,9 Risk stratification 
and identification of patients at higher risk of 
morbidity and mortality following major surgery 
is prudent as they constitute 80% of postoperative 
mortality.9-11 Preoperative risk reduction through 
“pre-rehabilitation” by preoperative cardiovascular 
conditioning, or training by muscle strengthening 
reduces frailty and disability of elderly patients, who 
with accompanying geriatric physiological changes 
face greater challenge withstanding surgical stress. 
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Concurrent co-morbidities impact greater on post-
operative mobility and morbidity, than age alone.7,9 
Long acting anxiolytics may delay discharge and 
short acting benzodiazepines should be avoided in 
elderly patients.9-11 The ERAS guidelines benefit the 
elderly, however data remains limited.12

Smokers have increased risk of poor wound and 
tissue healing. Alcohol abusers have an impaired 
metabolic stress response, cardiac, and immune 
function towards surgery. Four weeks of abstinence 
from smoking and alcohol reduce the risk of 
perioperative bleeding and wound infection, and 
improve wound healing.9,10

Preoperative overnight fasting increases patient 
discomfort and insulin resistance.9 The usual 2 hour 
clear fluid and 6 hour solid food fast applies, prior 
anaesthesia induction.9,13,14 The added allowance of 
oral complex carbohydrates (CHOs), the night before 
surgery and 2 hours prior anaesthesia induction, 
reduce the catabolic state induced by fasting and 
surgery.9,10

B. Intraoperative Care

Minimal invasive surgery is advocated when the 
expertise is available, and when patient factors 
and surgical conditions permit.9-11 It reduces 
neurohumoral activation by minimising the access 
wound and release of postoperative inflammatory 
factors.

Postoperative nausea and vomiting (PONV), a most 
unpleasant perioperative experience, occurs in 30-
70% of patients.9,14,16 Patients with increased risk 
of PONV which include female gender, history of 
motion sickness or PONV, non-smoker and opioid 
use, are recommended to receive two or three 
antiemetics.16-17 Total intravenous anaesthesia (TIVA) 
and opioid sparing strategies are encouraged.9,17

Maintenance of anaesthesia with end tidal 
concentration ranging 0.7-1.3 MAC, guided with 
bispectral index (BIS) values between 40 to 60, will 
prevent awareness, minimise anaesthetic side effects 

and facilitate rapid awakening and recovery. A 
minimal BIS of 45 is advocated for elderly patients to 
avoid deep anaesthesia.8,9,11,12,15 Hyperoxia is avoided 
with inspired fractional oxygen concentration (FiO2) 
titrated to normal arterial oxygenation, and FiO2 1.0 
reserved for pre-oxygenation prior to anaesthesia 
induction, or to overcome hypoxia.9-12

Neuromuscular monitoring is advocated when using 
neuromuscular blocking agents, to ensure adequate 
depth of muscle relaxation intraoperatively. The 
restoration of satisfactory neuromuscular function 
postoperatively is confirmed by a train of four (TOF) 
ratio of 0.9.9,12,14,15 Use of sugammadex, a selective 
cyclodextrin binding reversal of neuromuscular 
blockade, is supported in obese patients and 
bariatric surgery.15

Active warming devices are highly recommended 
for surgeries with duration exceeding 30 minutes. 
Perioperative hypothermia is of concern, typically 
amongst the elderly and paediatric patients. 
Rewarming to a core body temperature of 35.5-
36ºC should be initiated before emergence of 
anaesthesia. The maintenance of normal glucose 
levels intraoperatively is highly recommended.9-12

Preoperative fluid deficit varies depending on 
patient co-morbidity. The reduced use of bowel 
preparation and preoperative carbohydrate loading 
result in patients coming to theatre in an euvolaemic 
state. Physiological interventions during anaesthesia 
such as the administration of positive pressure 
ventilation, vasoactive drugs and neuraxial blocks 
may affect vasomotor tone and intravascular 
volume. Intraoperative fluid management employs 
goal-directed fluid therapy, aiming for near zero 
fluid balance, where balanced crystalloids is used 
and 0.9% saline is avoided.9,10,14 Extremes of fluid 
balance risks reduced tissue oxygen delivery, either 
by poor cardiac output (inadequate fluid) or oedema 
(excess fluid). 

Pain management aims towards optimal analgesia 
with minimal side effects, to facilitate early 
mobilisation and oral intake.8-11 Multimodal, 
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procedure specific and opioid sparing anaesthetic 
regimens including regional analgesic techniques 
should be implemented.14 Thoracic epidural 
analgesia provides excellent analgesia for open 
colorectal surgery, in addition to contributing to 
a reduction in the duration of ileus, incidence 
of pulmonary thromboembolism, blood loss, 
postoperative chest complications, and modification 
of the stress response. Use of other techniques, such 
as rectus sheath blocks, transversus abdominis plane 
blocks, and surgical site (‘wound’) catheter analgesia 
with preperitoneal local anaesthetic infusions have 
also been described.

Intraoperative mechanical ventilation strategy, 
which is a critical aspect of care, is often overlooked. 
Conventional high tidal volume (VT) ventilation 
at 10-15 mL/kg may be associated with increased 
lung injury which results from direct mechanical 
trauma to the pneumocyte through excessive 
pressure (barotrauma), overinflation (volutrauma), 
or shear stress from cyclic derecruitment 
(atelectrauma).18,19 Subsequently, there is conversion 
of mechanical stimuli into a biochemical response 
(mechanotransduction), with release of cytokine 
mediators where alveolar epithelium or vascular 
endothelium may be secondarily injured 
(biotrauma).20-22

A meta-analysis of all available randomised 
controlled trials of low tidal volume (LTV) 
ventilation at VT 6-8 mL/kg, compared with 
conventional strategy in healthy patients, was 
associated with a reduction in pulmonary 
infections. However protective lung ventilation 
(PLV) strategy comprising the combination of LTV, 
increased positive end expiratory pressure (PEEP) 
and recruitment maneuvers was associated with 
significant reduction in atelectasis, acute lung injury 
and length of hospital stay in addition to a further 
reduction in pulmonary infection.23

LTV alone theoretically increases cyclic alveolar 
collapse of dependent lung regions, increasing 
the risk of atelectrauma. The concomitant use of 
PEEP and intermittent recruitment maneuvers 

may counteract this undesired effect. The latter 
involves stepwise increase in tidal volume and 
PEEP to targeted plateau pressures, or inflations 
of the anaesthesia reservoir to targeted peak 
inspiratory pressures, performed intermittently for 
periods of 30 to 45 seconds at varying intervals.23 
A recent systematic review confirmed reduction of 
atelectasis, and improved pulmonary oxygenation 
and compliance with recruitment strategies.24

C. Postoperative Care

Opioid sparing analgesic strategies is further 
emphasised postoperatively to avoid opioid dose 
dependent side effects which contribute to delayed 
recovery and prolonged stay.8,10,11 Opioids are 
reserved as a last resort. 

Intravenous fluid should be ceased early 
postoperatively and oral fluids is encouraged 
as soon as tolerated, with resumption to normal 
food soon after surgery.11 It may not be possible to 
perform goal-directed fluid therapy postoperatively, 
hence indirect markers of hypovolaemia such as 
decreased central venous oxygen saturation or 
increased lactate levels are utilised. 

Early removal of drains and tubes and early 
mobilisation will minimise the risk of infection, 
orthostatic pneumonia, venous thromboembolism, 
worsening insulin resistance and muscles 
weakness.9-12,15

The impact of surgical trauma and anaesthesia 
results in reduced lung volumes, respiratory muscle 
dysfunction, and atelectasis, which predispose to 
hypoxaemia.25 Patients at risk such as smokers, 
those with chronic obstructive disease, congestive 
cardiac failure, obesity, the elderly and prolonged 
surgery beyond 3 hours, may need postoperative 
respiratory care. This includes oxygen supplement, 
physiotherapy, incentive spirometry, continuous 
positive airway pressure (CPAP), and other 
techniques.25

Postoperatively obese patients without obstructive 
sleep apoea (OSA) should receive prophylactic 
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oxygen supplement with the head end elevated, 
or in a semi-sitting position. A low threshold for 
initiation of CPAP should be considered in patients 
with body mass index > 50 kg/m2, severe OSA or 
oxygen saturation < 90% on oxygen supplement. 
Patients who were on home CPAP therapy, if not 
surgically contraindicated, should be started on their 
device immediately postoperative. Prophylactic 
non-invasive positive pressure ventilation should be 
considered postoperatively for patients with obesity 
hypoventilation syndrome.15,25

Controversies Surrounding ERAS

Preoperative benzodiazepines are avoided even 
in patients with significant anxiety, as sedative 
hypnotics increase cognitive and pharyngeal/
laryngeal dysfunction, where the latter predispose 
to microaspiration.26,27

There is limited data supporting oral CHOs 
administration in patients at higher aspiration risk 
during anaesthesia induction such as those with 
diabetes, gastro-oesophageal reflux or are morbidly 
obese.9,10,15

The role of cardiac output monitors looking at 
dynamic indicators in ERAS remains questionable. 
Patients need to be followed up postoperatively, and 
weight gain limited to < 1 kg.

Traditionally, thoracic epidurals were employed for 
postoperative analgesia after liver surgery. However 
concerns of hindered mobility, coagulopathy, 
hypotension and its consequent fluid management 
have led to its decrease use. Epidural failure is 
common, leaving patients with inadequate analgesia. 
Alternatively, surgical site (‘wound’) catheter 
analgesia with preperitoneal local anaesthetic 
infusions via elastomeric pumps has been used. A 
meta-analysis of studies compared analgesia and 
hospital length of stay between the two techniques 
concluded that epidural analgesia was superior 
on the first postoperative day, however patients 
with wound catheters suffered fewer postoperative 
complications.28

ERAS - New Perspectives of Application and 
the Future

The latest ERAS protocol was implemented in 
emergency surgeries, where the mortality rate is at 
least ten times higher than many similar elective 
procedures However, the emergency setting may 
limit compliance with the entire protocol.29

In obstetric surgery, the early return to normal 
function is of priority for several reasons. There has 
been a substantial increase in hospital discharge the 
day after elective Caesarean section, without any 
increase in readmission rates.30

There is also the role for cancer-specific ERAS 
protocols in the future. Surgery for cancer is 
associated with tumour cell release.31 The anticancer 
immune response primarily determines cancer 
progression, hence interventions aimed at reducing 
exposure to immunosuppressive factors would 
improve patient outcomes after potentially curative 
cancer resection.32

Pain activates the HPA and sympathetic system, 
giving rise to immunosuppression.31 Laparoscopic 
resection for primary hepatocellular cancer results 
in a lower inflammatory response and reduced 
circulating tumour cells.33 In colorectal oncological 
surgery, this translated to a shorter time interval before 
starting adjuvant chemotherapy postoperatively.34  
Gustafsson et al reported improved 5-year cancer-
specific survival after colorectal cancer surgery in 
patients with > 70% adherence to ERAS items.35

Analgesic strategy is crucial, as the benefit of pain 
control may be overcome by some drugs with 
tumour promoting effects. Opioid µ-receptor 
agonists are immunosuppressive. Morphine and 
fentanyl suppress the innate and acquired immunity, 
thus may impair the host defence against circulating 
tumour cells postoperatively.36 Morphine in clinical 
relevant doses enhanced angiogenesis hence 
increased breast cancer progression.37 However 
despite this, there is no definitive evidence that 
opioids worsen outcomes in cancer patients.38 Early 
nutrition impacts positively on nutritional status, 
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the immune system, and on speeding intestinal 
recovery in patients with gastric cancer.

The UK ERAS programme has revolutionised 
inpatient elective major surgery. Although envisaged 

to accelerate recovery, reduce length of stay and 
costs, there are other potential benefits, such as 
reduced complications and increased long-term 
survival. The concept of enhanced survival rather 
than enhanced recovery may be on the horizon.
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INTRODUCTION

Challenges

In 2016, the World Health Organization (WHO) 
estimated that more than 1.9 billion adults were 
overweight, and of this 650 million were obese. The 
committee on Obstetric Practice in 2013 estimated 
that one third of women of child-bearing age 
were obese while 8% were extremely obese. Our 
neighbours in Australia reported that between the 
periods of 2009 - 2011, 50% of women who became 
pregnant were either overweight or obese. Based on 
the Malaysian National Obstetric Registry during 
the periods of 2011 - 2015, 29.6% were considered 
overweight while 20.5% were considered obese.1

With regards to the impact of obesity in pregnancy, 
the Mother and Babies: Reducing Risk through 

Audits and Confidential Enquiries across the UK 
(MBRRACE-UK) between 2013 - 2015 revealed 
that 39 women who died were overweight, while 
68 were obese. The total number of deaths during 
this period was 202 parturients. Recently, in 2017, 
the MBBRACE report recognized that obese women 
have poor outcomes, and care providers encounter 
technical difficulties in providing care for them. 

The classification of obesity in pregnancy is based 
on BMI calculation. A mother is considered normal 
weight if BMI (kg/m2) ranges within 18.5-24.9 kg/
m2. BMI of 25.0-29.9 kg/m2 is considered overweight 
and > 30 kg/m2 is known as obesity. The ideal 
time of measuring their weight is during booking. 
Obesity also increases the risk of the occurrence of 
co-morbidities.
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Table I: World Health Organisation classification of obesity and related risk of incidence of co-morbidities

Classification

Normal

Overweight

Obese Class 1

Obese Class 2

Obese Class 3

BMI : kg/m2

18.5 - 24.9

25 - 29.9

30 - 34.9

35 - 39.9

>40

Risk of Co-morbidities

Average

Increased

Moderate

Severe

Very Severe

Maternal Physiological Challenges

Obesity and pregnancy leads to a multisystem of 
changes, which requires the body to adapt to, in the 
presence of a growing fetus. Maternal physiological 
changes are further affected by physiological 
changes in obesity. This places a greater demand on 

the body, which results in catastrophic complications 
if this balance is compromised.

Patients who are obese have a reduction in functional 
residual capacity. They have a higher closing volume 
hence augmenting ventilation perfusion mismatch. 
The effect is further aggravated in pregnancy where 
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the closing volume encroaches during the normal 
tidal volume. Lung compliance is poor secondary 
to thickened chest wall and associated restriction of 
diaphragmatic movement by the intra abdominal 
organs and the gravid uterus. They have an increased 
work of breathing resulting in fast and shallow 
breaths. Obstructive sleep apnoea (OSA) occurs in 
50 - 90% of morbidly obese patients, associated risk 
of pulmonary hypertension and cor-pulmonale. 
Risk of difficult mask ventilation and intubation is 
also higher. Moreover, increased breast tissue makes 
intubation difficult. Pregnancy increases oxygen 
consumption which is further increased by obesity. 
Hence detrimental hypoxia sets in earlier and more 
so when oxygen delivery is compromised.

The cardiovascular requirements are significantly 
increased in the obese mother. An increased in 
stroke volume, heart rate, widening pulse pressure 
are physiological changes related in pregnancy 
due increased in oxygen demand. In obese 
parturients, they also experience obesity related 
risk factors such as hypertension, ischemic cardiac 
disease, and congestive heart failure. OSA may 
aggravate right ventricle hypertrophy and systemic 
hypertension can lead to left ventricle hypertrophy; 
impairing diastolic function. Risk of arrhythmia is 
increased due to potential fat deposition over the 
myocardium. Peripartum cardiomyopathy may 
result from poorly controlled obesity associated 
hypertension.2 Aortocaval compression by the 
presence of gravid uterus is further compounded by 
increased intra-abdominal adipose tissue. This leads 
to a drastic reduction in venous return to an already 
compensating maternal heart. 

The presence of hiatus hernias is common among 
obese patients. This raises the risk of aspiration and 
regurgitation which is also partly related to larger 
resting gastric volume in this category of patients. 
Fat infiltration worsens liver function leading to 
abnormal results and fatty liver in pregnancy. The 
chance of developing gallstones disease is also 
higher.

Physiological changes in pregnancy in the renal 
system are marked by significant volume expansion 
and vasodilatation. This is due to upregulation 

of renin angiotensin aldosterone system (RAAS). 
Obesity leads to increased release of leptin by the fat 
cells, resulting in increased sodium absorption and 
further renal vasodilation. Overall obese parturient 
has enhanced glomerular filtration rate and renal 
plasma flow.

Obesity and pregnancy both increase the risk of 
deep vein thrombosis and thromboembolic events. 
Thromboembolism remains the third leading cause 
of maternal mortality in Malaysia. The increased 
production of clotting factors and von-Willebrand 
factors during pregnancy also contribute to 
hypercoagulability; components in the Virchow’s 
triad. Venous stasis attributed by an increase in 
adipose tissue intra abdominally, further reduces the 
venous return. Obese women are also generally less 
mobile, which further worsens blood flow. Maternal 
obesity may also lead to endothelial injury and 
dysfunction.3

Overweight or obese women are more prone 
to develop medical illness, which may be 
further aggravated by pregnancy itself. Chronic 
hypertension leading to preeclampsia and 
gestational diabetes are common pregnancy specific 
complications present in obese parturients. A Danish 
study found that the absolute risk for developing 
GDM was 0.9% in normal-weight women. This 
increased to 3.1% for overweight women, 6.7% for 
obese women and 9.3% for severely obese women.4 
A raised booking BMI is also associated with a 50% 
increased risk of developing preeclampsia and a 
booking BMI >35 doubled the preeclampsia risk.5

Fetal Challenges

Higher risk of miscarriages is commonly encountered 
after conception.6 Furthermore, a higher incidence of 
congenital abnormalities is seen in the neonates of 
obese mothers. Cardiac and neural tube defects are 
most commonly noted. This may also be secondarily 
due to poor detection via ultrasound during the 
antenatal period as the view may be suboptimal. 
Chances of premature delivery are also higher 
compared to non-obese population. Infants born 
to obese mothers also may be macrosomic or have 
higher birth weights when compared to women 
who have normal BMI.7



23

MALAYSIAN SOCIETY OF ANAESTHESIOLOGISTS

FACING THE CHALLENGES

Pre-delivery Consultation

A survey conducted by Tulp found that many obese 
obstetric patients were unaware of the anaesthetic 
problems and risks associated with obesity during 
their pregnancy.8 This is despite them being aware 
of both the medical and obstetric implications 
throughout pregnancy. Hence, pre-delivery 
consultation would be an opportune time to have 
this discussion in a relaxed and controlled manner. 
The aim of such a consult would be to increase the 
awareness of the main modalities of labour analgesia 
with special mention of labour epidural They 
should be encouraged to seriously consider early 
labour epidural placement in view of underlying 
risk of the increased need for ceasarean sections and 
instrumental deliveries. The concerns of difficult 
placements due to technical difficulties should also 
be broached.

Furthermore, they should be made aware that due to 
obesity, they are more likely to suffer adverse events 
and outcomes when compared to their non-obese 
counterparts. It should also be further emphasised 

of the higher risk of aspiration, difficult intubation, 
and airway trauma if a general anaesthetic technique 
is needed.

Ultrasound Guided Placement for Regional 
Anaesthesia

In order to improve the care and outcome of obese 
pregnant women, many governing bodies have 
encouraged the use of labour epidurals. This is due 
to the fact that they have an increased incidence 
of the need for emergency delivery via caesarean 
section, the need for instrumental delivery and tend 
to have macrosomic babies. Obesity itself frequently 
hinders the identification of anatomical landmarks 
such as the midline and vertebral interspace. Data 
has proven the requirements for longer insertion 
times, higher incidence of epidural venous puncture, 
higher overall failure and complication rates during 
placement. A two-fold increase in risk of epidural 
failure and difficult epidural placement is expected 
which also increases with increasing BMI.9

A simple way when surface anatomy is obscured in 
the obese patients is to ask the patient to give verbal 
feedback during placement. She verbalizes whether 

Table II: Risk factors associated with maternal obesity

Maternal Risk

Perinatal Death

Thrombo-embolism

Gestational Diabetes

Pre-eclampsia

Postpartum haemorrhage

Wound infection

Assisted instrumental delivery

Induced delivery

Caesarean section

Decreased rate of breastfeeding

Fetal Risk

Miscarriage and stillbirth

Preterm Birth

Fetal distress

Meconium aspiration

Macrosomia

Low Apgar score

Neural tube defects

Admission to neonatal intensive care



24

YEAR BOOK 2018/2019

the place chosen is in the midline and whether it 
is between the vertebral bodies. This information 
has been shown to be 76.6% helpful in parturients 
of BMI > 35.10

The use of ultrasound in assisting placement 
of epidurals and spinal has been studied in the 
obstetric population in the past decade. It has been 
proven to improve placement in all aspects and 
ensures effectiveness. Studies in the obese obstetric 
population have also shown that it can be used as 
a reliable tool for cases when technical difficulty 
is anticipated and as a rescue when anatomical 
landmarks are difficult to identify.11

Algorithms for Airway Management

The first failed tracheal intubation guideline 
was developed by Michael Tunstall at Aberdeen 
Maternity hospital in the 1970s. Since then, the 
incidence rate remains the same. In a literature 
review done by Kinsella et al, the occurrence of 
a difficult intubation for caesarean section under 
general anaesthesia is 1 in 443 cases.12 Maternal 
mortality from failed intubation is noted as 1 death 
per 90 cases.12 Deaths are the result of aspiration 
or hypoxaemia secondary to airway obstruction 
or esophageal intubation. On the other hand, the 
incidence of Cannot Intubate Cannot Oxygenate 
(CICO) during general anaesthesia for caesarean 
ranges from 5 to 28 per 100 cases.12

Based on MBRRACE-UK 2013 - 2015, anaesthetic 
advisors highlighted airway management as an 
important theme in the anaesthetic management 
of the parturient. Previous years have reported 
incidences of inability and failure to mask ventilate 
or to intubate obese partureints, directly implicating 
this as the cause of maternal death.

In view of this, clinicians taking care of the obese 
parturients must be familiar with the latest 
guidelines in the management of the obstetric 
airway. Conducting drills to familiarise all personnel 
of equipment to be used and steps to be taken should 
be considered in all locations caring for this special 
group of patients.

The use of video-laryngoscope improves the 
visualization of the glottis opening. A vast 
number of reviews have proven that they improve 
laryngoscopic view, improve the success of 
intubation at first attempt, decrease the time taken 
to achieve intubation and reduce laryngoscopic 
complications. At the moment, there is still relatively 
little obstetric-specific evidence as to the benefit of 
its use in this specific group of patients. However, 
as it is recommended as an alternative device in the 
scenario of rescuing a difficult or failed intubation, 
clinicians should become more familiar with this 
equiptment.13

THE FUTURE

The Patient

Ideally obese women should be advised to achieve 
closer to an ideal body mass index prior to pregnancy 
with lifestyle intervention. Serious discussion on 
use on pharmacological therapy or bariatric surgery 
can be considered. After delivery they should be 
encouraged to lose weight as major weight gain of 
more than 5 kg can be reduced in all (but the heaviest 
women). According to Baker et al, during the six 
months postpartum period, exclusive breastfeeding 
can reduce postpartum weight retention of up to 12 
kg.14

Blood Pressure (BP) Monitoring

BP monitoring is essential with regards to the care 
during pregnancy. Timely care is needed for both 
hypertension and hypotension. As anaesthetists, 
we are always blessed with the option of placing an 
intra-arterial line to monitor our patients. However, 
this modality may not be feasible for all locations 
and available for every obese pregnant patient 
during her entire pregnancy. It is already a known 
fact that fitting an appropriate blood pressure cuff 
is difficult. Many of us have personal experiences of 
feeling utterly frustrated in locating the appropriate 
size cuff for them. Difficulty in finding the right 
sized cuff is compounded by their odd “conical 
shape” arm i.e. wide on the upper arm and smaller 
towards the forearm.
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In the 1970s, the volume-clamp method of Penaz was 
introduced as a non-invasive method of performing 
continuous blood pressure measurements.15 At the 
moment, the two well-known devices using such 
technology and available for clinical use is the Clear 
Sight™ device by Edwards Lifesciences and the 
CNAP™ device by CNSystems Medizintechnik. 
These devices measure the change in blood volume 
within the finger using photo-plethysmography. 
These changes are subsequently converted into a 
continuous blood pressure waveform. Unfortunately, 
both these devices have not been validated for use in 
women with BMIs greater than 40 kg/m2 or women 
with pre-eclampsia. Once these devices are validated 
for use, this may be the future modality whereby we 
monitor this specialized group of patients.

Combined Spinal Epidural (CSE) for 
Caesarean Section

The main concern of citing a CSE is always the 
longer time needed to perform the procedure, 
hence making this technique unpopular. In obese 
parturients, spinal anaesthesia can be difficult to 
site due to thin needles and thicker maternal tissue. 
Therefore, CSE can be a good option. This technique 
can be considered in the obese parturient. A previous 
study, among this group of patients (> 100 kg) for 
elective caesarean section, showed that there was 
not a big difference in performance time. It also 
further concluded that within a 10 minutes period, 
there was a 100% success rate in the CSE group when 
compared to 71% in the spinal anaesthesia group.16

Annexes
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INTRODUCTION

Acupuncture is the practice of inserting and 
manipulating specialised fine needles at specific 
points (called acupoints) on the human body for 
therapeutic purposes.1 It is part of the Traditional 
Chinese Medicine (TCM) practice alongside with 
herbal therapy, massage, diet and moxibustion that 
originated from China more than two thousand 
years ago. This medical knowledge was developed 
through observation of human subjects and has 
been clearly documented in many texts, including 
The Yellow Emperor’s Classic of Internal Medicine dated 
100 BC.2 According to TCM theory, the human 
body is made up of vital force or energy called Qi 
which flows around the whole body in twelve 
main channels called meridians. Each meridian 
corresponds to one major organ of the body and 

is associated with the concept of Yin and Yang that 
oppose each other.3 Illnesses happen when the 
flow of Qi energy is disturbed. Interestingly, this 
flow of Qi energy can be altered by stimulating 
the acupoints which lie along the meridians. These 
acupoints are described and documented over many 
ancient medical texts4 and were standardised by 
World Health Organization (WHO) in 1991.5

CLINICAL APPLICATION

In TCM practice, acupuncture has been used to 
treat a variety of conditions. The acupuncturist 
will apply needle insertion to a group of acupoints 
along the meridians based on the patient’s clinical 
syndrome. It is common to see needle insertion in 
the distal area of the limbs to treat condition far 
away from the intended organs connected by these 
meridians. However, currently there is not much 
scientific evidence from the Western medicine point 
of view to support the existence of Qi energy and 
meridians physically. It was shown that there was 
a rapid progression of technetium-99 tracer along 
the pathway of the meridian when it was injected to 
the acupoints. However, the progression of flow was 
inconsistent with the lymphatic or vascular flow.6 
Huang et al in 2009 reviewed 149 studies which 
looked into the brain responses to acupuncture by 
using functional magnetic resonance imaging (fMRI) 
and concluded that acupuncture can modulate 
brain activity within specific areas in the brain.7 
There are several postulated mechanisms on how 
acupuncture works. Many believe needling affects 
the release of naturally occurring opiate substances 
like endorphin, encephalin (potent pain modulator 
from musculoskeletal system) and dynorphin (a 
powerful modulator of visceral pain).

The insertion of acupuncture needles also believed 
to cause endogenous corticoid release, increase 
local blood flow to the surrounding area and release 
entangled myofibrils within tissue planes.8 Current 
studies which are looking for an explanation on how 
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Figure 1: Meridian in traditional chinese medicine
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acupuncture therapy produces its effect focuses on 
the relationship of transient receptor potential V2 
(TRPV2) channels, histamine H1 and adenosine A1 
receptors in mast cells,9 and modulation of pain-
induced gamma oscillations in the brain.10

To date, there have been many researches that study 
the effect of acupuncture in the management of 
acute pain,11 musculoskeletal pain,12 palliative care 
for cancer,13 and obesity.14 There were also systematic 
reviews on the efficacy and safety of acupuncture 
in children.15 In 2002, WHO has acknowledged 
the efficacy of acupuncture in the management of 
28 medical conditions as significantly superior to 
that of control groups.16 There a few hospitals in 
Malaysia that practise TCM that offer acupuncture 
as a modality to treat chemotherapy-induced nausea 
and vomiting, post stroke and chronic pain.1

The use of acupuncture in Western medicine has 
grown over the years, especially in the anaesthesia 

Figure 2: The acupuncture needle insertion

practice. The first documented report of acupuncture 
in anaesthesia was for a tonsillectomy in August 
1958. The invention of electro-acupuncture has 
further propelled the use of acupuncture to provide 
anaesthesia in cases such as pneumomectomy, 
cardiac surgery, Caesarean sections and many 
more.17 As acupuncture anaesthesia failed to 
produce complete analgesia for most surgical 
pain, it is currently used as an additional modality 
to the modern anaesthesia. This method known 
as acupuncture-assisted anaesthesia uses the 
acupuncture effects to complement analgesic or 
sedative effects of modern anaesthesia drugs, hence 
reducing complications and medical costs.18 Zhou 
et al have reported the use of acupuncture-assisted 
anaesthesia in open heart surgery with their patients 
breathing spontaneously without the need for 
intubation and assisted ventilation. They reported 
significant less usage of narcotics, less postoperative 
pulmonary infections, shorter intensive care unit 
stay and overall lower medical cost.19 In Malaysia, 
thyroidectomy and breast lump excisions performed 
under acupuncture-assisted anaesthesia have been 
practised since 2012.20 There was also a local report 
on craniotomy performed on an awake patient 
using electroacupuncture.21 However, acupuncture-
assisted anaesthesia is not widely used as it is 
technically difficult to perform. Furthermore, the 
current techniques of anaesthesia offer better and 
safer possibilities.22

Looking from a broader perspective, acupuncture 
has proven to help in many aspects of perioperative 
medicine. Acupuncture or acupressure to PC6 
Neiguan acupoint was extensively studied and has 
been proven to alleviate post-operative nausea 
and vomiting (PONV).23 Similarly, acupuncture to 
Yintang acupoint on the forehead was also shown to 
have anti-anxiety effects on patients preoperatively.24 
Acupuncture has also been shown to be able to 
control hemodynamic responses to treat both 
hypotension25 and hypertension26 intra-operatively. 
Fleckenstein et al had proven that acupuncture was 
able to reduce post-anaesthesia recovery time and 
their patients were discharged back to ward within a 
significantly shorter time in their study.27 The effects 
of acupuncture to reduce postoperative ileus after 
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bowel surgeries were investigated with positive 
results.28,29 Other aspects such as perioperative 
glycaemic control and treatment of post-dural 
puncture headache treated with acupuncture 
were also reported. These perioperative usages 
of acupuncture have been termed “perioperative 
acupuncture modulation” by Lu et al.30

Like any other medical procedure, acupuncture 
may also cause complications. Although the 
filiform acupuncture needles that are inserted 
subcutaneously rarely cause serious complications, 
deeper insertion of acupuncture needles at 
certain dangerous acupoints may result in serious 
complications. For example, acupuncture to the 
acupoints which are in close vicinity to major 
vessels and organs carries a higher risk. The reports 
on adverse events following acupuncture in British 
National Health Service from 2009 to 2011 by 
Wheway et al included retained needles, dizziness, 
loss of consciousness, falls, bruising or soreness at 

needle site, and pneumothorax. Fortunately, 95% of 
the reported incidents were categorised as low or 
no harm to patients.31 Ernst reviewed 86 reported 
cases of fatalities following acupuncture across the 
world in 2009. Pneumothorax was the most frequent 
cause of death, along with puncture to the heart, 
large blood vessels, central nervous structures and 
liver, and various type of infections.32 Similar reports 
on acupuncture complications were also published 
by the WHO, which attributed these complications 
to inappropriate techniques. The report concluded 
that acupuncture was generally a safe procedure 
in the hands of well-trained practitioners33 and 
patient safety should be a core part of acupuncture 
education.34 Locally, traumatic optic neuropathy 
following acupuncture was reported in 2018.35

As acupuncture gains popularity, more evidence-
based research on acupuncture are sought after. 
Globally, publications on acupuncture have 
increased tremendously.36 The first research on 
acupuncture in the Western world can be traced 
back as early as the year 1683. Newer research on 
acupuncture focus on finding clinical evidence of 
acupuncture in the treatment of various clinical 
conditions and also to investigate the nature of 
acupoints, meridians and its underlying mechanisms 
of action.37 One of the main challenges in designing 
clinical randomised controlled trials (RCT) on 
acupuncture is finding the method to blind either 
the patients or the researchers.38 For acupuncture 
to be effective, the interaction between the 
acupuncturist and the patient is important to obtain 
maximal sensation of de qi.39 There have been many 
methods used in studies to blind the control groups, 
such as using sham acupuncture, utilising placebo 
acupuncture devices40 and using true acupuncture 
needle piercing at wrong points. However, the use 
of such methods may lead to false negative results 
as sham acupuncture may have the potential in 
activating acupoints without even piercing the 
skin and stimulation at wrong acupuncture sites 
could possibly produce its own efficacy.41 Locally, 
the research on acupuncture is lacking as the 
knowledge and the practice of acupuncture is not 
familiar to Western medical practitioners. Perhaps 
the first step of this integration of both worlds of 

Figure 3: Acupuncture points at the elbow area
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medical practices can be done through education 
as envisioned by Zhou in 2012.42 The integration of 
acupuncture into Western medical practice will be 
sure to develop research in acupuncture locally.

As conclusion, acupuncture has shown potential 
to be integrated as part of cost-effective and safe 
non-pharmacological methods in a vast variety 

of treatments for patients, especially in pain 
management and its use during peri-anaesthesia 
period. The initiative by the WHO to develop 
training and safety guidelines in acupuncture43 
and the efforts to make practices of acupuncture 
more evidence-based44 could propel this ancient 
knowledge as an alternative treatment modality.
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INTRODUCTION

Standard practice central neuraxial blocks (CNB) 
commonly performed in sitting position involves 
using surface landmark technique (identification of 
Tuffier’s line), operators feeling of tactile sensation 
and or seeing free flow of cerebrospinal fluid (CSF). 
Although identification of spinous process are very 
reliable, surface anatomy landmarks sometimes are 
not always easily identified, especially in patients 
with spinal deformity, for example kyphoscoliosis, 
obesity, oedema or previous back surgery.1,2

Tuffier’s line, a line drawn between the highest point 
of iliac crests is widely used as estimation of L3 - L4 
interspace, but the correlation is inconsistent.3 The 
precision of identification varies and inaccurate in 
many patients may end up needle placement one 
or two spinal levels higher.1,2,4-7 Surface landmark 
technique does not give the anaesthesiologist 
reliability to locate the space for needle insertion, 
predict ease of needle placement and avoiding 
accidental dural puncture during epidural insertion.

Ultrasound imaging can be used to preview the 
underlying spinal anatomy (pre-procedural scan) 
or guide the spinal needle in real-time during 
performing CNB. The ultrasound can 60% correctly 
identified L2 - L3 interspace, with margin of error 7 
- 9% either one space above or below, in comparison 
with clinical assessment 9 - 18% up to 2 spaces 
higher or lower (more significant variability).10 With 
pre-procedural ultrasound scan, the reliability of 
identification of the L3-L4 interspace increases to 
almost 70 - 80%. An anaesthesiologist can identify 
the midline of the spine accurately, identify the 
correct lumbar interspace, measure and predict 
skin to space distance and identify patients with 
potentially difficult CNB.1,2,8,9,11

ULTRASOUND IMAGING OF THE SPINE

There are at least three ultrasound scan planes; 
median, transverse and coronal. The median plane 
is a plane that cuts through the body vertically into 
two halves. The sagittal plane is another longitudinal 
plane parallel to the median plane and perpendicular 
to the ground. Thus, the median plane is also known 
as the sagittal plane that is in the middle of the body 
(median sagittal plane). The transverse plane is 
parallel to the ground and is also known as axial or 
horizontal plane. The frontal plane or coronal plane 
is vertical plane perpendicular to the ground and 
right angles to the sagittal plane dissecting the body 
into anterior and posterior segments. Ultrasound 
imaging of the lumbosacral spine can be performed 
in the transverse scan or longitudinal scan. The 
images obtained complement each other to make 
a visual 3D view and help the anaesthesiologist 
imagine the spine and surrounding structures.

The transverse interspinous view is the most 
easily obtained in the lumbar region (Figure one) 
but is very challenging in the mid-thoracic (T4 - 
T8) because of the acute caudal angulation of the 
spinous process. If the operator sees dark shadow 
of the spinous process, the ultrasound probe needs 
to be tilted cephalad or caudad to have a better view 
(translaminar view) of the neuraxial structures. A 
good typical view in this translaminar view is to 
see the spinous process, the lamina of the vertebra, 
the posterior complex and anterior complex (Figure 
one). In difficult patient, by seeing at least the 
posterior complex, the operator can measure the 
depth and estimate the distance needed to reach the 
epidural space.1,2

The sagittal scan can be performed through the 
midline (median sagittal spinous process view) or 
paramedian plane. From the experts’ point of view, 
ultrasound image visibility can be further improved 
when the spine is scanned in the paramedian sagittal 
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oblique (PMSO) plane (Figure two).1,2 A good view 
will see the anterior complex, the posterior complex, 
and the transverse process of the vertebra. Usually 
the operator can count the vertebra starting from 
the sacral (usually a flat hyperechoic structure) until 
the desired vertebra level (Figure two). From this 
view, if both the posterior and anterior complexes 
visualized, there is a high chance the CNB is 
successful.1,2

In ultrasound for CNB, it is advisable to perform 
pre-procedural scan (scout scan) before any 
intervention, as this scan will assist in previewing 
the spine anatomy, identify the midline, determine 
the optimal site for needle insertion; the depth that 
is the measured distance from the skin to the desired 
space, usually has an error of ± 1 cm; the angulation 
and the trajectory for needle insertion before 

performing the puncture. The appropriate marking 
done on patient’s skin involves marking at each 
end of the probe, identifying the midline from the 
transverse interspinous view; counting and marking 
the desired interspinous spaces as S1 - L5, L5 - L4, 
L4 - L3 from the PMSO view (Figure three). After the 
pre-procedural scan, the CNB should be performed 
in strict asepsis technique.1,2

Performing real-time CNB needle insertion under 
ultrasound is very challenging; the anaesthesiologist 
must have good knowledge of ultrasound basics, 
be familiar with the sonoanatomy of the spine and 
scanning techniques and possesses a combination 
of high degree of manual dexterity and hand-
eye coordination. Most of the time a real-time 
performance of CNB under ultrasound needs 
two operators, one to hold the probe and another 
operator to do the needling.1,2

Figure 1: Ultrasound scan of transverse interlaminar view

Figure 2: Ultrasound view of paramedian sagittal oblique view (PMSO)
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CLINICAL APPLICATION OF ULTRASOUND 
FOR CENTRAL NEURAXIAL BLOCKADE

A. Identification of Specific Lumbar 
 Intervertebral Levels

Current evidence stipulates that ultrasound is more 
reliable and precise than clinical assessment of 
intervertebral level.1,2 Margin of error for ultrasound 
was low at most 9% for one space above and 7% 
for one space below. A comparison with clinical 
assessment showed tremendous variability with 
margin of error up to two spaces higher (9%) or 
lower (18%).11 Identification of intervertebral space 
is more precise by using ultrasound compared with 
landmark technique alone.12 In obese patient, despite 
the possibility of poor imaging using ultrasound, it 
still minimally can identify the midline via transverse 
view and interspinous process in the PMSO view.1,2

B. Measuring Depth to the Epidural and 
 Intrathecal Space

Using ultrasound can identify and measure the 
depth to the ligamentum flavum in the longitudinal 
neuraxial scan. A meta-analysis addressing the 
correlation between measured ultrasound depth 
and actual needle insertion depth confirmed that 
the correlation was high regardless of which view 

was used.12 The correlation coefficient was 0.91, with 
a depth of insertion difference between ultrasound 
and actual was only 0.5 cm or less. This difference is 
commonly attributed to soft tissue compression by 
ultrasound probe.

For the obese patients, measuring the distance can 
help us in choosing between the standard length of 
spinal needle and the long spinal needle, reducing 
wastage in using inappropriate length of the spinal 
needle.

C. Reducing the Number of Needle Passes

Shaikh et al did a systematic review comparing 
ultrasound-guided and non-ultrasound guided 
neuraxial procedures, of 1334 patients and found 
that the use of ultrasound significantly reduced both 
skin punctures and needle redirections required 
for a successful CNB.13 Perlas et al also did a 
similar systematic review involving 14 randomised 
controlled trials and also found that ultrasound 
significantly reduced overall number of needle 
puncture.12

D. Improved Block Success and Efficacy

The systematic reviews by Shaikh et al and Perlas 
et al mentioned above provided evidence that 
ultrasound increases block success. Shaikh et al 
found that ultrasound reduced the risk of procedural 
failure by 79% with 16 number needed to treat to 
avoid one failure. Perlas et al also showed similar 
results but more modest with a risk reduction of 49% 
and the number needed to treat 34% for procedural 
failure.

E. Increased Procedure Duration Time

Studies conducted by an experienced sonographer 
in a cohort of healthy obstetric patients with normal 
spine anatomy reported that ultrasound scanning 
added 60 - 75 seconds ultrasound scanning.14-17 More 
time is needed in less-experienced hands, severely 
obese patients and patients with complicated spinal 
anatomy. With proper training and regular use of the 
ultrasound, it will reduce the procedure time and 
increase safety.

Figure 3: Skin marking during pre-procedural scan



36

YEAR BOOK 2018/2019

F. Reducing the Risk of Complications

The risk of accidental dural puncture may be 
reduced by the ability to measure depth to epidural 
space. There is no direct supporting evidence to 
say in reducing more serious complications like 
hematoma or neurological deficit.15 However, 
decreased technical difficulty associated with 
ultrasound usage may reduce the risks in a few ways, 
such as less traumatic procedure and inaccuracies in 
identification of intervertebral space.18-20

G. Predicting Feasibility and Ease of 
 Performing Central Neuraxial Blockade

Ultrasound of the CNB can be used as a pre-
operative assessment tool to guide decision making. 
Pre-procedural ultrasound can show if there is a 
patent acoustic window, especially if the patient had 
an operation before and has implants at the back. It 
will allow planning on the best intervertebral space, 
maybe use a bigger gauge needle and the trajectory 
of the needle in performing spinal anaesthesia.

The ability of the ultrasound to visualise the 
vertebral canal should correspond to the size of the 
interlaminar space and this will reflect the improved 
performance and ease the needle may be punctured. 
In two different papers from Chin et al and Weed 
et al, the authors concluded that if both anterior 
complexes and posterior complexes are visible 
(good quality view) on transverse interspinous view 
and or PMSO view, the puncture and performance 
will be much easier.

LEARNING CURVES

Learning ultrasound for CNB will take much of the 
anaesthesiologist's time and patience.

Using water-based spine phantom makes the process 
of learning sonoanatomy of the spine simpler 
and easier. The model is prepared by immersing 
lumbosacral spine model in a water bath. Using a 
curved array transducer, the practitioner is able to 
learn and recognise the sonographic patterns and 
images of the spine.

It is advisable for anaesthesiologists to attend 
workshops or courses in this particular field, 
acquire knowledge of basic sonoanatomy with 
image optimisation and interventional skills. To 
obtain good knowledge and competence in spinal 
sonography, the anaesthesiologist may need to 
perform 40 scanning or more of normal lumbar 
spine.21,22

Make a good habit in doing pre-procedural 
scan before attempting to perform CNB. It will 
make life much easier despite time-consuming. 
Real time ultrasound CNB is challenging as it 
needs a high degree of manual dexterity with 3D 
conceptualisation. Real-time epidural performance 
by far is the most difficult compared with real-time 
spinal puncture and may not be done routinely.1

However, this real-time CNB skill must be 
developed as part of training because it might be 
the only way to do CNB safely in instrumented or 
operated backs and scoliosis patients.1

KEY POINTS

1) Using ultrasound to assist CNB is an advanced 
 technique. Use the low-frequency curvilinear 
 probe (5 - 2 MHz) to have a wider visual field 
 and increase the depth of penetration usually 
 around 5 - 10 cm.

2) For early adopter or novice, learn to do pre-
 procedural USG of the spine before doing the 
 puncture, mark on the patient's skin the 
 important landmark (intervertebral spaces) and 
 measure the distance skin to space.

3) Strict asepsis must be maintained during real-
 time procedure of CNB.

4) Regular ultrasound gel should not be used while 
 performing CNB using ultrasound; the gel is an 
 irritant to the spinal cord.
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5) Ergonomics, patient positioning, skilful helper 
 are important factors ensuring success in doing 
 USG CNB.

6) Anaesthesiologist should use the non-dominant 
 hand to hold the probe and dominant hand to 
 insert and adjust the needle.

7) Preferably needle Gauge 25 and above with 
 introducer needle makes it easier to do the CNB 
 (spinal anaesthesia) real-time.

8) L5 - S1 lumbosacral junction is the biggest 
 interlaminar space and may provide a safe route 
 to do spinal anaesthesia.

CONCLUSION 

Ultrasound for CNB is a new tool that carries an 
excellent alternative to landmark-based techniques. 

It is safe, non-invasive, simple, can be quickly 
performed with adequate training that will provide 
real-time images of the spine. Anaesthesiologists 
should familiarise with the use of ultrasound for 
central neuraxial blockade in healthy individuals 
before doing it in patients with complicated anatomy, 
post spine operation and spine deformity. 

Despite this new technique being technically 
demanding with a steep learning curve, it will 
unlikely replace the traditional well-established 
landmark technique for most patients. As more 
anaesthesiologists acquire this skill, it may become 
the standard of care in the future. With an increasing 
number of complications associated with CNB, 
adding a handy tool such as ultrasound will reduce 
complications such as accidental dural puncture and 
improve patient satisfaction by reducing the number 
of needle puncture attempts.
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INTRODUCTION

This is a common question asked whenever we 
speak of change, especially in postgraduate training. 
I asked myself this question many times, until it leads 
me to more questions: was it really good enough, did 
I learn all I needed to know to function as a day one 
specialist the day I received my exams results, is it 
enough to face the challenges in healthcare today?

This article aims to introduce what a group of us 
has been working on the past few years to improve 
anaesthesiology training in this country; a work 
in progress to shift our training from a time-based 
model towards a competence based one.

Perhaps, to put things into perspective, I will share 
our past, summarise the current state, with its pros 
and cons, the pros and cons of competency based 
training and plans for the future.

The Distant Past

The distant past was divided into three phases:1

1. Before 1965: no formal and organised courses 
 in Malaysia; doctors were sent on government 
 sponsored scholarships to train and sit for 
 the English and Irish examinations in the United 
 Kingdom. Studying and training prior to going 
 abroad was self-directed. 

2. 1965 - 1975: this era began with the establishment 
 of the Department of Anaesthesiology, University 
 of Malaya. The practice of sending our doctors 
 abroad was continued until 1973. Anaesthesiology 
 trainees could train, prepare and sit for the 
 Australasian Primary examination from 1973 
 and Final examination in 1975. Trainees could 
 then be trained and certified without leaving the 
 country.

3. 1975 - 1983: this era began with the establishment 
 of the Faculty of Anaesthesiologists, College 
 of Surgeons of Malaysia. The practice of training 
 anaesthesiologists locally for foreign certification 
 continued. Training was based on example; the 
 content was variable, hampered by service loads 
 and shortage of doctors, especially in government 
 hospitals. There was no protected time for 
 studying and no or very little arrangement 
 for examination preparation. Plans were made 
 to organise a four-year postgraduate local 
 training and certification programme to satisfy 
 the needs of our country. There was strong 
 emphasis on the basic sciences and clinical 
 practice, and three examinations to assess 
 knowledge and its application. Training will 
 be shared by the Ministry of Health (MOH) 
 Hospitals and University Hospital; trainees will 
 be placed in the university prior to the Basic 
 Science examinations and rotated to MOH 
 hospitals after. This proposal was withdrawn 
 after being presented to Parliament.2

The Not Too Distant Past: 1985- 2014

In 1985, the Master of Medicine (Anaesthesiology) 
programme began in Universiti Kebangsaan 
Malaysia (UKM). A restructuring of the programme, 
modelled after the Royal Australasian College 
of Surgeons Fellowship programme, occurred in 
1987. University of Malaya (UM) commenced the 
Master of Anaesthesiology programme in 1987 and 
Universiti Sains Malaysia in 1993. In December 
1998, the examinations were conducted jointly by 
UKM and UM and by 2008 the Final examination is 
conjoint between the three universities.3

The Present

The Master of Anaesthesiology programmes are 
offered by five universities. The curriculum content 
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is similar between universities and the examinations 
are held jointly. Method of delivery and training may 
differ between centres. It is still a traditional time 
based programme, with a duration of four years to 
seven years, though elements of competence based 
training is incorporated. Trainees rotate between 
the various subspecialties aimed to provide them 
with the opportunity to develop competence. There 
is still a strong emphasis on basic sciences and 
clinical knowledge. The summative assessments 
(examinations) are knowledge based, incorporating 
clinical reasoning in both examinations. There is 
no formal training and summative assessments 
on technical and non-technical skills and 
professionalism. Trainees learn through modelling 
behaviours and progress are documented in training 
logbooks and monitored by their supervisors. The 
programmes are accredited by the Malaysian 
Qualifications Agency and the graduates of the 
programmes are eligible to register as specialists to 
practise in Malaysia.4,5

The Academy of Medicine of Malaysia and the 
Ministry of Health Malaysia have also started a 
parallel pathway to train anaesthesiologists in 
Malaysia. It is also a time-based programme, with 
elements of competency-based training, where 
trainees rotate between the various subspecialties to 
develop competence.6 It provides more flexibility to 
trainees, allowing up to ten years of training. 

In summary, the current system available for 
training anaesthesiologists in Malaysia follows the 
time based, with features of competence by random 
opportunity model, which strongly emphasises 
basic scientific knowledge and clinical exposure 
while developing professional behaviours in the 
shared learning and workplace.

The Assumptions of the Current System and 
their Implications

There are three basic assumptions in the current 
time-based, competence by opportunity training 
model.

1. Learning requires time and effort, therefore, doctors 
 with similar capabilities who spend similar time and 
 effort will require similar time to attain competence.7

 This assumption is not entirely true, as observed 
 by Carol as early as 1963: students with different 
 aptitudes diverge in their learning performance.7 
 The amount of time a trainee requires to learn a 
 particular task will differ. Though this 
 observation is made in school children, and 
 focuses only on individual factors and rather 
 simplistic, it has led to the concept of mastery 
 learning (learners engage in repetitive practice, 
 practising tasks with increasing levels of 
 difficulty while receiving feedback during 
 learning until the expected outcome is reached) 
 and deliberate practice (a focus to develop 
 reproducibly expert performance) at their own 
 time.7 The essentials for both are clear 
 performance goals, opportunities for practice, 
 feedback, error correction and subsequent 
 learning cycles. This implication supports the 
 case for time-variable training, where time is a 
 resource, rather than the endpoint of training. 

 Another important implication of time as a 
 resource awareness is the neurocognitive 
 perspective of time and learning. Learning not 
 only occurs during intentional learning activities, 
 but also during “quiet” periods (during informal 
 interactions, reflections) and memory 
 consolidation during sleep.7 This knowledge 
 and the knowledge that burnout correlates with 
 poor academic performance adds perspective 
 on the external factors on learning and would 
 help programme coordinators dedicate rest time 
 in the programme.8

2. Every trainee will encounter the entire scenario they 
 need to learn from at enough times and receives 
 equal supervision and feedback at all encounters to 
 attain competence.9

 Again, this assumption is not entirely true. In 
 the current system, centres are accredited to 



41

MALAYSIAN SOCIETY OF ANAESTHESIOLOGISTS

 ensure trainees are exposed to diverse case-mix 
 and receive supervision. Though we have data 
 on the procedures done in each centre and the 
 anaesthesia methods, we do not have the patient 
 complexity data.10 Therefore, whether each 
 trainee has opportunities to manage the entire 
 spectrum of patient care is unknown. The levels 
 of supervision and the frequency and quality of 
 feedback received are also not documented.

3. Every trainee has the same learning needs, learn the 
 same things the same way regardless of the context of 
 their clinical and personal environment.

 This assumption must also be challenged. 
 Our trainees learning styles are varied; they have 
 different strengths and weaknesses, and therefore 
 different needs.

 The anaesthesia working environment is a 
 complex and varied one, even in the same 
 institution. As with any clinical learning 
 environments, a tension between student 
 learning and patient care needs occurs.11 This 
 is due to the specialty working with multiple 
 other disciplines with varied patients’ 
 physiological and pathological conditions. To 
 add to the complexity, a Swedish study revealed 
 trainee anaesthesiologists understand their work 
 differently, affecting their ways of performing 
 tasks and learning.12

 This is further complicated by trainees varied 
 perspectives and an expectation of good 
 anaesthesia teaching, revealed by Wakatsuki et 
 al in Stanford’s teaching hospitals.13 They shared 
 the most common expectations as autonomy 
 during learning, reasoning, context, taking time 
 to teach, assessment of learners needs, specifying 
 learning goals and providing real time feedback 
 and the social aspects of learning: belonging, 
 psychological safety and equanimity.

 The current system is not without benefits. They 
 include streamlined intake into training and exit 
 from training, ease of planning for clinical 
 rotations, scholarship award process and service 

 needs.14 It also allows time to develop skills 
 that require both time and experience e.g. clinical 
 reasoning skills, non-technical skills and forming 
 professional identity.7

 In summary, though the traditional time based, 
 competence by random opportunity training 
 programme serves our nation’s previous and 
 current training needs, it can be improved 
 to ensure we train our trainees holistically and 
 efficiently.

Why Change and the Way Forward

Apart from the three highlighted issues above, 
medical training is faced with the challenges 
of improving quality, equity, relevance and 
effectiveness in healthcare delivery; matching 
societal needs and expectations; redefined roles 
of healthcare providers. These challenges led 130 
organisations and individuals responsible for health 
education, professional regulations and policy 
making developed a consensus consisting of ten 
strategic directions for medical schools to become 
socially accountable. The aim is to improve response 
to current and future health needs and challenges 
in society, reorient education, service and research, 
accordingly, strengthen governance and partnership 
with stakeholders and assess performance and 
impact of educational interventions. One of the 
strategies advocated was fostering outcome-based 
education.15

Many training programmes are moving 
towards competency based specialist training. 
It involves identifying the abilities required of 
anaesthesiologists and then designing curriculum 
to support the achievement of these predefined 
abilities.16 There is emphasis on the central theme 
of a trainee progressing through training with 
ever increasing levels of knowledge and skills16 
(transition to discipline, foundations of discipline, 
transition to practice, continuing professional 
development and transition out of discipline),14 and 
will include competencies other than just clinical 
anaesthesiology expertise.17
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An important and valid concern among educators 
is whether this approach to training will lead to a 
reductionist approach where skills will be broken 
down into checklists, and that the trainees' ability 
to integrate components of complex skills in clinical 
situations may be undervalued or overvalued.14,16 
These concerns must be addressed in the curriculum 
planning phase and must be communicated to both 
trainers and trainees.

Another considerable concern is added workload, 
especially on performance assessment. A robust 
assessment system is required both to assist 
trainees to improve and develop (formative) and for 
decisions to be made regarding their competency 
(summative), especially in the clinical workplace i.e. 
workplace-based assessment (WPBA).14,16, 18

The limitations of WPBA are that it requires direct 
observations, the limitation of standardisation 
(clinical context, patient condition, and supervisor 
availability), assessor bias (rater leniency, halo effect, 
restrictions of range of practice, poor discrimination 
of learners’ deficiencies and poor inter-rater 
consistency). It also requires the clinician supervisor 
to acquire a different mindset when approaching 
WPBA while performing clinical tasks i.e. patient 
care.19

In 2005, the term Entrustable Professional Activities 
(EPA) was introduced.20 It is defined as “a unit 
of professional practice, defined as a task or 
responsibility to be entrusted to a trainee once 
sufficient specific competence is reached to allow 
for unsupervised practice”.21 It aims to connect the 
competency framework to the clinical workplace. 
It describes the tasks to be done by learners to earn 
trust in the clinical workplace, bridging the gap 
between competence-based education and clinical 
tasks and context.21,22 It ensures safety in patient care, 
fulfilling the social contract between the medical 
profession and society.19 This promise has led its 
adoption across specialties in the Western world.19

Entrustable Professional Activities allow the 
curriculum to be truly competence based, as opposed 
to time based.22 It allows each trainee the flexibility 

to progress at their own pace, capabilities, and 
other legitimate commitments (clinician - researcher 
tracks, family duties). A curriculum based on EPAs 
not only helps trainers and trainees manage their 
expectations, it facilitates constructive alignment 
between learning outcomes, learning environment 
and process (in the workplace) and assessment.

For the clinician supervisor, it serves to align 
assessment and clinical practice. It supports the 
trainers' and supervisors' accountability for the 
outcomes of training, ensuring safety for future 
patients.

The benefits for learners include increased levels 
of participation and responsibility until they are 
prepared for independent practice.23 It promises 
learners' appropriate and progressive levels of 
responsibilities to match their capabilities.23 It serves 
to be truly competency base, as a trainee/learner is 
allowed to progress when an entrustment level is 
reached.22

In summary, EPA can be used as both training and 
assessment tools in our training programme.

What is being Done?

Since 2014, a group of anaesthesiologists from all 
the universities offering the programme and the 
MOH Malaysia has been working on improving 
the current curriculum into a competency based 
one. Understanding our countries’ needs and 
resource limitations, we have decided to begin the 
change with a balance of the need for competence-
based training and time based training by training 
more trainers, harmonise existing training and 
strengthening assessment strategies.

The aims and objectives of this curriculum is 
to match the 7 of the Malaysian Qualification 
Framework domains (knowledge; practical skills; 
social skills and responsibilities; values, attitudes 
and professionalism; communication, leadership 
and team skills; problem solving and scientific skills; 
information management and lifelong learning 
skills) while also answering to the needs of the 
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nation: competent general anaesthesiologists who 
would be able to provide anaesthesiology 
and periprocedural care, critical care and pain 
management.

To ensure these outcomes are planned, taught, learnt 
and assessed holistically, the writing group agreed 
to adopt the concept based on EPAs, focusing on 
the tasks our graduates would be able to perform 
independently. We have rebranded it as Essential 
Learning Activities (ELAs) to shift the focus to 
training and learning, rather than just assessment.

We will soon validate our entry and exit ELAs and 
include trainees input in the development.

CONCLUSION

The future of anaesthesiology training promises to 
continue the culture of accountability, safety and 
excellence in anaesthesiology. It will require buy in 
from all stakeholders, major resource investments 
and like any change process will be difficult. Like 
everything else in anaesthesiology, we will continue 
to be adaptable and improve.
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INTRODUCTION

Sepsis, a dysregulated host response to infection, 
is common in the intensive care unit (ICU) 
worldwide. It remains a major challenge for critical 
care physicians because of the associated high 
mortality and morbidity. According to the Malaysian 
Registry of Intensive Care (MRIC) Report in 2017, 
sepsis was the first leading cause of admission to 
the Ministry of Health ICUs with mortality rate 
of 52.8%.1 In management of critically ill patients 
with sepsis and septic shock, there is compelling 
evidence that source control of the pathogen, early 
and appropriate administration of antimicrobial 
therapy remain the most important intervention. 
Correct, adequate and timely dosing of antibiotics 
is the cornerstone of success of therapy, and this 
depends on drug absorption, distribution and 
excretion. Inappropriate dosing may contribute to 
increase mortality and development of antibiotic 
resistance, therefore optimising antibiotic therapy 
should be a priority in treating septic patients.2 

To achieve favourable clinical outcomes, the goal of 
antimicrobial prescription is to reach effective active 
drug concentrations at the site of infection and 
achievement of pharmacodynamics targets whilst 
avoiding toxicity (Figure one).3

In critically ill septic patients, pathophysiological 
changes are associated with disease-driven variation 
in pharmacokinetics and pharmacodynamics. 
The development of organ failures may further 
complicate metabolism, elimination and clearance 
of drugs that may result in under or overdosing 
of antimicrobial agents (Figure two). In a review 
article by Ulldemolins et al, the two parameters 
that vary with greatest significance in patients with 
multiple organ dysfunction syndromes (MODS) 
are apparent volume of distribution (Vd) and drug 
clearance (CL).4 These changes potentially affect the 
achievement of targeted concentrations in blood 
and tissues which may adversely affect the efficacy 
of antimicrobial therapy. Disease and clinician 
driven changes lead to an increased in Vd and 
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lower than expected plasma concentrations during 
the first day of therapy. When patients develop 
organ dysfunction, decreased antibiotic clearance is 
common and can lead to toxicity. The main method 
of excretion of drugs from the body is via renal 
clearance; hence in the presence of acute kidney 
injury (AKI), clearance of hydrophilic antibiotics is 
significantly diminished. In our recent study using 
KDIGO criteria, the incidence of AKI was close to 
65% (based on either urine output or creatinine 
criteria) and almost half of AKI cases were related to 
sepsis or septic shock.5 In the presence of AKI, dose 
adjustments in patients with reduced renal clearance 
are commonly applied. However, dose adjustments 
in patients with enhanced renal clearance are still not 
commonly applied due to difficulty in ascertaining 
such condition.

Hydrophilic drugs predominantly distribute into 
intravascular and interstitial water but unable 
to passively cross the lipid cellular membrane, 
therefore their Vd is equivalent to the extracellular 
water i.e. in between 0.1 L/kg and 0.3 L/kg. 
Therefore, hydrophilic antibiotics are mostly 

renally cleared by glomerular filtration and tubular 
secretion. During the initial phase of sepsis, there is 
an increased Vd especially in patient with MODS. 
Recent studies suggested that initial antibiotic 
dosing needs to account for this phase. The concept 
of “front-loaded” doses is recommended during the 
first 24 hours of therapy of hydrophilic drugs whose 
Vd dramatically increase during the early phase of 
sepsis.4 Decreased clearance in renal dysfunction 
requires dose reductions or extended dosing 
intervals to prevent drug accumulation and toxicity. 
On the other hand, augmented renal clearance (ARC) 
which is a manifestation of enhanced renal function 
is becoming an important phenomenon in critically 
ill patients. The use of regular unadjusted doses of 
hydrophilic antibiotics in this condition may lead to 
suboptimal serum concentration and worse patient 
outcome. Reduction in renal CL or enhanced renal 
CL may potentially affect the PK/PD of hydrophilic 
antibiotics especially beta-lactams, aminoglycosides 
and vancomycin (Figure three).6 In the following 
sections, this article is focusing on the ARC and 
associated pharmacokinetics changes of hydrophilic 
antibiotics in critically ill patients.

SEPSIS/SEPTIC
SHOCK

Increased cardiac
output

Leaky capillaries/Altered
protein binding

Normal organ
function

Organ dysfunction
(e.g. renal or hepatic)

Increased CL

Low plasma
concentrations

Normal plasma
concentrations

High plasma
concentrations

Increased Vd Uncharged Vd Decreased CL

Figure 2: The effects of sepsis/septic shock on drug clearance (CL) and volume of distribution (Vd)
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Figure 3: The effects of pathophysiologic changes in PK/PD parameters of hydrophilic antibiotics. AUC=area 
under the curve; Cmax=maximum drug concentration; Cmin=minimum drug concentration; CL=clearance; 
CO=cardiac
output; MIC=minimum inhibitory concentration; Vd=volume of distribution
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Definition of Augmented Renal Clearance

Augmented renal clearance is an important 
phenomenon where there is an elevated renal 
clearance seen in critically ill patients. It is currently 
defined as an increase of measured CrCL >130 ml/
min/1.73m2. This cut off point is used by most 
literature because subtherapeutic concentrations 
of vancomycin were observed when the measured 
CrCL exceeded 130 ml/min/1.73m2.12 Augmented 
renal clearance has been described in multiple 
literatures regarding its common occurrence 
but variable prevalence in developed countries, 
depending on the method of diagnosis and the case-
mix studied.

Mechanism of Augmented Renal Clearance

The definite mechanism of ARC is difficult to be 
determined but the development of a systemic 
inflammatory response syndrome (SIRS) 
appears closely associated with ARC.13 Systemic 
inflammatory response syndrome is common in 
critically ill patients with severe infections, trauma, 
burn injury, pancreatitis, major surgery, ischemia 
and haematological malignancy. Inflammatory 
mediators released with SIRS can markedly increase 
cardiac output and decrease systemic vascular 
resistance via activation of the sympathetic response. 
Therefore, this response results in increased renal 
blood flow and GFR in normal kidneys. This can 
further be aggravated using vasoactive drugs 
and high-volume fluid resuscitation, which are 
common measures in the critically ill. A recent study 
demonstrated an increase in GFR in a small cohort of 
SIRS patients supporting this key mechanism.14 This 
study also showed increased tubular secretion of 
anions, which could possibly contribute to increased 
clearance of anionic antibiotics like some beta-
lactams.

Risk Factors of Augmented Renal Clearance

There are multiple risk factors that lead to 
ARC as shown in Figure four. Even though the 

RENAL DYSFUNCTION AND ESTIMATION OF 
GFR

Early diagnosis of AKI is essential to guide and 
optimise dosing of antimicrobial agents. Regular 
monitoring of urine output to detect oliguria (< 0.5 
ml/kg/hr) and biochemical parameters such as 
creatinine level to estimate glomerular filtration rate 
(GFR) is commonly used. However, this is best to 
detect deteriorating renal function but not occurrence 
of ARC. The estimation of creatinine clearance (CrCL) 
as a surrogate for estimated glomerular filtration rate 
(eGFR) formulas i.e. Cockcroft-Gault (CG), Chronic 
Kidney Disease Epidemiology Collaboration (CKD-
EPI), Modification of Diet in Renal Disease (MDRD) 
must be interpreted carefully in critically ill patients 
and may not accurately identify patients with ARC. 
Serum creatinine level may be affected by age, 
gender, sex, race, metabolic state, diet and degree of 
hydration, thus leading to inaccurate results.7 The 
estimated CrCL by CG, MDRD and CKD-EPI are only 
validated for patients with stable renal function or 
chronic renal impairment, therefore, there is limited 
use in variable renal function in critically ill.8 Studies 
has demonstrated a significant amount of critically 
ill patient with normal serum creatinine level, eGFR 
CG, MDRD and CKD-EPI but demonstrated ARC.9 
These formulas may lead to inaccurate estimations 
of GFR and lead to inappropriate antibiotic dose 
adjustments. Therefore, at the moment, the best 
practical method available to assess renal clearance 
is by measured CrCL. Where possible, it is preferable 
to use 4-, 8-, 12-, or 24-hour urinary CrCL to estimate 
GFR in critically ill patients. The question is what 
best duration of collection for an accurate measured 
CrCL was explored by Cherry et al that compared 2-, 
6-, 8-, 16- and 24-hour CrCL. They recommended that 
8-hour urine collection is best to accurately measure 
CrCL.10 Pickering et al evaluated serial 4-hour CrCL 
in 484 critically ill patients in two-centre randomised 
controlled trial and they concluded that repeated 
4-hour CrCL measurements was accurate to monitor 
timely changes in renal function compared to plasma 
creatinine.11
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pathophysiology of ARC is not well understood, it is 
possible to identify the patients who have high risk 
of developing ARC from previous pharmacokinetic 
studies of hydrophilic antibiotics. Recognising 
patients at risk may guide the clinician to adjust 
dosing since numerous studies reported therapy 
failures when using standard dosing regimens. 
Various studies have shown that patients exhibiting 
ARC include younger age (< 50 years old), male 
gender, recent history of surgery, trauma, traumatic 
brain injury (TBI), sepsis and have lower critical 
illness severity. Trauma and surgery are associated 
with stress induced SIRS and are significant risk 

factors for ARC.15 Brown et al has illustrated the 
elevated CrCL reaching peak of 190 ml/min/1.73m2 
in trauma patients on the fourth postoperative 
day.16 He also showed that there was modest 
correlation between cardiac output and measured 
CrCL, even after excluding septic patients and those 
who are on vasoactive medications. Cherry et al also 
found similar findings of elevated CrCL in their 
study to determine the accuracy of shorter duration 
of creatinine clearance collection.10

Traumatic brain injury is another sub-population 
where ARC commonly seen due to its association 
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with polytrauma. The patient demographic 
usually involves younger age group with relatively 
limited comorbidities.17 The ICU management in 
TBI commonly involves fluid resuscitation and 
vasoactive medications to maintain adequate 
cerebral perfusion pressure (CPP), and hypertonic 
saline infusion to induce osmotic diuresis in order to 
reduce cerebral oedema. Augmented renal clearance 
has also been demonstrated in patients who are 
treated with or without vasopressor therapy18 and 
with the infusion of hypertonic saline.19

Burn injury is another sub-group of trauma patients 
that is characterised by two phases of clinical 
course. The initial phase that persists up to 72 hours 
is characterised by SIRS and extensive protein 
capillary leak. The initial management involves large 
volume of fluid resuscitation, early debridement 
and management of other related complications e.g. 
inhalational injury and carbon monoxide poisoning. 
The second phase is characterised by hypermetabolic 
response due to increased metabolic demand for 
wound healing that often lasts for several weeks. 
This results in increased cardiac output that leads 
to an increase in renal blood flow and GFR.20 Conil 
et al found that 42% of burns patient demonstrated 
enhanced CrCL > 120 ml/min/1.73m2. As expected, 
the clearance of renally excreted antibiotics is 
enhanced in this condition.21 This has been confirmed 
in various studies of hydrophilic antibiotics 
which include cefepime, ceftazidime, piperacillin, 

imipenem, vancomycin, tobramycin, amikacin, 
daptomycin and ciprofloxacin.

Hypoalbuminemia is commonly seen in the critically 
ill patients and it may be contributed by multiple 
factors such as impaired liver synthetic functions, 
dilutional effect fluid resuscitation, premorbid 
malnutrition and inadequate protein intake. The 
presence of SIRS combined with catabolic response 
of critical illness may result in significant protein 
degradation. For drugs that are excreted mainly 
by the kidney and have high protein binding, 
there will be an increased elimination of the free 
fraction of the drugs. This increased drug clearance 
in hypoalbuminaemic patients has been proven 
in pharmacokinetic studies using ceftriaxone, 
teicoplanin and ertapenem.

Udy et al developed a scoring system to predict the 
occurrence of ARC. This predictive tool was validated 
by Akers et al, demonstrating a sensitivity of 100% 
and a specificity of 71% based on data from altered 
piperacillin/tazobactam pharmacokinetics (Table 
I).9,22 Barletta et al developed another scoring system 
called ARC in trauma intensive care (ARCTIC) 
which excluded SOFA score. If the score is > 6, the 
patient has a high risk for ARC with a sensitivity 
of 84% and a specificity of 68%.23 Augmented renal 
clearance or ARCTIC predictive tools allow early 
recognition of high risk patients and allow early 
intervention if necessary.

Table I: The ARC and ARCTIC scoring systems for screening augmented renal clearance ICU patients

Scoring system

Criteria

Augmented renal clearance risk

Sensitivity %

Specificity %

ARC

Age < 50 years 
Trauma pts
SOFA score <≤4

Low
High

100

71

Sr creatinine < 
62 µmol/L 
Male sex
Age < 56 years 
Age 56 - 75 years

Low
High

84

68

Points

6
3
1

<6 
>6 

Points

3
2
4
3

<6
>6 

ARCTIC
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PREVALENCE OF AUGMENTED RENAL 
CLEARANCE

The prevalence of ARC in critically ill patients 
is between 30% and 65%, even in patients with 
normal serum creatinine.24 A prospective study 
on 89 critically ill patients in Spain showed 17.9% 
presented with ARC on admission, and the 
prevalence increased up to 30% during the first week 
of ICU stay.25 Another multicentre observational 
study of four tertiary ICUs in Australia, Singapore, 
Hong Kong and Portugal demonstrated prevalence 
of ARC as high as 65.1% (183 out of 281 patients) in 
on at least one occasion during the first seven study 
days.26

The prevalence is between 30% and 85% in ICU 
population with sepsis,27 trauma,28 traumatic brain 
injury (TBI),9 subarachnoid haemorrhage (SAH)25 
and central nervous system (CNS) infection.24,29 
This may be explained by differences in case mix, 
patient characteristics and also by the cut off value 
used to diagnose ARC. Fuster-Lluch et al defined 
ARC as measured creatinine clearance > 120 ml/
min/1.73m2 and found that the prevalence was 30% 
in severe sepsis or septic shock cohort.25 Baptista 
et al conducted a single centre study in adult ICU 
patients with sepsis who received Vancomycin.30 
Using definition of ARC as measured creatinine 
clearance > 130 ml/min/1.73m2, they found that 40% 
of the study population had ARC. In a small cohort 
of 20 TBI patients who underwent neuroprotection 
measures, using cut-off value > 160 ml/min/1.73m2 
for men and > 150 ml/min/1.73m2 for women, Udy 
et al diagnosed 85% of them had ARC.19 Using a cut 
off creatinine clearance > 120 ml/min/1.73m2 in 
patients with burns, Conil et al found that prevalence 
of ARC was 54%.21

A small sample size Malaysian data from 49 patients 
in a single centre study in one of the main trauma 
centres in Malaysia showed ARC prevalence of 
39% in the initial 24 hours of ICU stay.31 In this 
study, Adnan et al used measured 24-hour CrCL 
> 130 ml/min/1.73m2 as definition of ARC. Most 
patients were young male (median age 34 years) 

who suffered from trauma, traumatic brain injury 
and had emergency surgery prior to ICU admission. 
Recently, we conducted a study in two tertiary-
level ICUs in Kuantan, Pahang. Among 102 patients 
recruited, 55.9% had ARC. Patients in the younger 
age group (median age 39 years) and lower SOFA 
score were at more risk to develop ARC. In this 
study, Abdul-Rahim et al measured 4-hour CrCL and 
defined ARC when CrCl > 130 ml/min/1.73m2.32

Impact of Augmented Renal Clearance

Augmented renal clearance causes increased 
clearance of therapeutic drugs from the body. 
Several studies showed that ARC results in 
significant subtherapeutic dosing of critical drugs 
such as antibiotics (e.g. vancomycin and beta lactam 
antibiotics) and anti-epileptic (e.g. levetiracetam).33-35 
In patients with sepsis treated with vancomycin, 
Baptista et al found strong association between 
ARC and subtherapeutic vancomycin concentration 
(< 9.5 ug/ml) during the first three days of 
treatment.30 Another study on 363 surgical ICU 
patients in Argentina who received vancomycin 
showed that all patients with ARC did not achieve 
the desired target trough therapeutic concentration. 

In an observational study of 100 critically ill patients 
who received imipenem-cilastatin, meropenem, 
piperacillin-tazobactam or cefepime demonstrated 
that 64% of them had ARC. The presence of ARC 
strongly predicted low trough serum concentration.36 
Another observational study conducted by Claus 
et al on 128 critically ill patients, showed incidence 
of ARC was 51.6% and more treatment failure was 
seen in ARC compared to the non-ARC group.27 In 
this study, patients with ARC had longer ICU stay 
compared to those without ARC. Although study 
directly correlating ARC with adverse patient 
outcome is limited, ARC is certainly associated 
with subtherapeutic antibiotic concentration. These 
studies emphasise the need of dose optimisation 
measures by clinicians when prescribing antibiotics 
in patients diagnosed with ARC. The use of regular 
unadjusted doses may lead to therapy failure and 
worse patient outcome.
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Implications and Recommendations

Augmented renal clearance is common in critically 
ill patients and limited study in Malaysia showed 
prevalence in the range of 39 to 56%. The estimated 
CrCL is not a good tool to detect ARC as compared 
to measured CrCL by 4- to 24-hour urine collection. 
Early recognition of ARC is important and this 
allows further intervention to prevent antibiotic 
therapy failure. The patients at risk can be identified 
by using predictive tool such as ARC or ARCTIC 
scoring systems. In patients who have score > 6, 
measured creatinine clearance using 4-, 8-, 12- or 24-
hour urine collection is recommended. In patients 
with ARC, higher doses of renally eliminated 

CONCLUSION

Early and appropriate administration of 
antimicrobial therapy remains the most important 
intervention in managing sepsis. To achieve 
favourable outcomes, the goal is to achieve 
effective drug concentrations at the site of infection. 
In critically ill patients, development of organ 
failure may complicate antibiotic dosing. Two 
pharmacokinetic parameters that vary with greatest 
significance in patients with MODS are Vd and drug 

antibiotics are recommended or administration 
of non-renally eliminated drugs as alternatives 
should be considered. Therapeutic drug monitoring 
(TDM) and dose adjustment should be performed, 
when available. For those drugs where TDM is 
not routinely available and there is not sufficient 
evidence to guide dosage modification, the use 
of the highest approved dose or most frequent 
administration regimen could be considered with 
close monitoring. The patients with ARC should 
be monitored for delayed or insufficient clinical 
response. The occurrence for risk or presence of ARC 
should be assessed daily. The dosing adjustments of 
commonly used antibiotics is summarised in Table 
II.6

CL. In presence of AKI, antibiotic dose adjustments 
in patients with reduced clearance are commonly 
applied to avoid adverse effects. Augmented renal 
clearance is another important phenomenon which 
is a manifestation of enhanced renal function. 
Early recognition of patients at risk of ARC allows 
further intervention to prevent antibiotic failure. In 
patients with ARC, higher doses of renal eliminated 
antibiotics are recommended or administration of 
non-renally eliminated drugs should be considered. 

Table II: Suggested dosing recommendations of the studied drugs in adult ARC population

1.

2.

3.

4.

Antibiotic

Levofloxacin

Meropenem

Piperacillin/Tazobactam

Vancomycin

Suggested dosage

Dose: IV 1000 mg q8h

Dose: IV 2000 mg q8h

•	Dose:	IV	45000	mg	q6h
•	Extended	infusion	of	the	dose	over	4h	might	be	required

•	 Initial	loading	dose:	25	-	30	mg/kg	followed	by	a	maintenance	
 dose of 45 mg/kg/day in divided doses q8h or continuous 
 infusion
•	Therapeutic	drug	monitoring	is	recommended	(target	10	-	20	
 µg/ml or 15-20 µg/ml depending on the indication)
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INTRODUCTION

Malaysia has been declared the fattest nation in 
Asia and has the second highest child obesity rate 
at 12.7% among ASEAN children aged 5 to 19 years, 
with 7.1% of children under the age of 5 being 
overweight.1,2 The epidemic of childhood obesity 
has become a pandemic. Nowadays, obese children 
coming for non-bariatric surgery are increasingly 
common that further challenges anaesthesiologists’ 
capability in ensuring anaesthesia safety. In contrast 
to adults, obese children rarely present with 
common morbid effect of obesity such as ischaemic 
heart disease, cerebral vascular accident, diabetes 
mellitus, hypertension and its organopathies. 
Nevertheless, obesity would significantly influence 
anaesthesia management and outcome in every 
obese child due to higher incidence of perioperative 
complications. The aim of this article is to evaluate 
and summarise the latest concerns, practices and 
evidence pertaining to anaesthesia in obese children. 

ABCDE OF CHILDHOOD OBESITY

Acknowledgement of Obese Definition in 
Children

Defining obesity in children is never easy. Growth 
rates are not identical between infant, toddler and 
adolescent stages of boys and girls because of 
different fat, muscle and bone density distribution 
occurring at puberty. Therefore the calculated value 
of body mass index [BMI = weight (kg)/height2 
(m2)] > 30 kgm-2 cannot be used directly to depict 
obesity in paediatric populations. For most children, 
the cutoff points should be based upon percentiles 
from BMI-for-age and gender specific curves at 
which overweight and obesity is considered when 
BMI > 85th and > 95th percentile respectively. Table 
I summarises commonly used gender specific BMI-
for-age curves to classify the overweight and obese 
children of different age ranges. 3-5

Breathing Disorder

Sleep-Disordered Breathing (SDB) is commonly 
related to obese children. The spectrum of SDB 
is wide; from habitual snoring to obstructive 
sleep apnoea (OSA). Obese children with OSA 
may go unrecognized prior to anaesthesia and 
administration of postoperative opioid analgesics 
would make them at risk of developing perioperative 
opioid related adverse event (ORAE) and 
perioperative opioid related adverse event (PRAE). 
Polysomnography (PSG) is the gold-standard 
diagnostic tool to diagnose OSA in both paediatric 
and adult populations.6 Blanket PSG screening is 
however, time consuming, logistically complex 
and not cost-effective. A simpler oximetry study is 
sometime conducted as surrogate to PSG.6 Table II 
shows severity of OSA based on PSG in children 
in comparison to adult and oximetry study.6,7 The 
McGill score has 4-level severity (McGill 1-4), based 
on the numbers and depth of desaturations in an 
overnight pulse oximeter recording. Frequently, 
neither PSG nor oximetry study is readily available 
to obese children prior to emergency surgery. Tait 
et al 2013 had proposed a STBUR questionnaire, 
a quicker way to identify kids with potential 
OSA in comparison with the classically lengthy 
Paediatric Sleep Questionnaire (PSQ).8,9 This STBUR 
questionnaire consists of 5 questions pertaining 
to the nature of Snoring, incident of Troubled 
Breathing while sleeping and Un-Refreshed feeling 
upon waking up from sleep. A score of > 3 out of 
5 is considered high risk of SDB.8 The likelihood of 
PRAE was increased three-fold in the presence of 
any 3 STBUR symptoms and ten-fold when all 5 
symptoms were present.10 STBUR questionnaire is a 
simple screening tool with high specificity, easy to 
use for SDB risk-stratification in a busy preoperative 
anesthesia setting,8,10-12 thus would likely be an 
excellent clinical utility in identifying obese children 
with potential OSA.

ABCDE Of Childhood Obesity: An Overgrowing 
Concern In Anaesthesia

Nur Hafiizhoh Abd Hamid
Paediatric Anaesthesiologist, Department of Anaesthesiology and Intensive Care, Hospital Sultanah 
Bahiyah, Alor Setar, Kedah, Malaysia
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Co-Morbidities

Obesity is classified as ASA physical status II. Obese 
children in association with other comorbidities 
would further increase the anaesthetic risk and ASA 
physical status.13 Table III summarises potential 
comorbidities and complications commonly 
correlated with longstanding childhood obesity 
and its anaesthetic implications.14-20

Drug Dosing and Calculation

Drug dose calculation per weight basis is mandatory 
in paediatric anaesthesia practice. In comparison to 
normal children or obese adult, several important 
factors need to be considered during drug 
calculation in obese children; such as variations in 
body mass composition, dissimilar blood volumes 
and constituents and differences in renal and liver 
maturity rate. These physiological alterations will 
affect distribution, metabolism and clearance as well 
as determination of the onset and offset of the drug. 
It is also important to remember that total blood 
volume, cardiac output, plasma protein binding and 
regional blood flow would also affect the volume of 
distribution. Table IV summarises the physiological 
changes in obese children and its impact on 
pharmacokinetics of commonly used anaesthetic 
drugs.14-22 Different drugs would require a different 
dosing scale depending on its hydrophilicity or 
lipophilicity. However, there is lack of clear guidance 
on whether to use TBW, ideal body weight (IBW) or 
lean body mass (LBM) for calculation of anaesthetic 
drugs in obese children. Most available data were 
extrapolated from obese adult populations, which 
are helpful but need to be carefully considered prior 
to its application on obese paediatric patients. Table 
V displays list of recommended weight scales to 
be used for calculation of intravenous anaesthetic 
drug in overweight and obese children.14-22 The 
maximal dose of local anaesthetic agent for regional 
anaesthesia is usually determined by the regional 
technique, child’s age, physical status and weight 
according to LBM.24

Another important factor in calculating anaesthetic 
drug dosage in obese children is their associated co-
morbidity. Non-alcoholic fatty liver disease (NAFLD) 

and OSA would alter the pharmacokinetics and 
pharmacodynamics response causing narrowing of 
therapeutic index of anaesthetic drugs. Considering 
NAFLD, anaesthetic drugs which are metabolised 
predominantly by the liver should be titrated to 
effect in obese children in view of potential overdose 
or risk of drug induced liver toxicity.14,15,19,22

Basically, hypnotic agents with rapid recovery 
profile, short and ultra-short acting opioids and 
multimodal analgesia are advocated in obese 
paediatric patients. Depth of anaesthesia and 
intraoperative neuromuscular monitoring should be 
mandatory in all obese and paralysed children. This 
additional monitoring would facilitate titration of 
anaesthetic drugs, improve safety of drug delivery 
and reduce potential side effects. 

Obese children have the lowest total blood volume 
of 65 ml/kg compared to their normal peers of 
70 ml/kg.25 Total body water and blood volume 
calculation of obese children has to be readjusted 
based on IBW to avoid excessive fluid infusion and 
blood product transfusion.25-27

Events and Complications

i. Perioperative respiratory-related adverse 
 event (PRAE)

 Obesity is an independent risk factor for PRAE 
 even for minor surgery or procedural sedation.28-31 
 Desaturation in obese children is rather rapid 
 because their basal oxygen consumption is 
 higher than the normal children of comparable 
 height and age.16,32-34 Obese children have higher 
 risk of developing PRAE due to a combination 
 of pathophysiological changes of the airway 
 and respiratory system and their common 
 association with respiratory morbidities such as 
 OSA, bronchial asthma, hyperactive airway and 
 recurrent respiratory tract infection.14-19,21,35,36 
 Table VI displays an overview of relevant studies 
 on PRAE in obese children.28-31 PRAE incidence 
 is significantly higher in obese children coming 
 for airway surgery.29,31,35 A secondary analysis on 
 21,524 children from Anaesthesia Practice In 
 Children Observational Trial (APRICOT) 
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Table II: Severity of OSA in children based on polysomnography and oximetry study

OSA Severity

None

Mild

Moderate

Severe

AHI in Adult

0 - 5 

6 - 20 

21 - 40

> 40

AHI in Children

0

1 - 5

6 - 10

> 10

McGill Oximetry Score

1

2

3

4

OSA - Obstructive Sleep Apnoea
AHI - Apnoea Hypopnoea Index

Table I: Overview of commonly used publications on gender specific BMI-for-age curves.3-5

CDC - Centers for Disease Control
WHO - World Health Organization 
BMI - Body Mass Index

Chart

Details

Interpretation

Kuczmarski et al (2002)4

2000 CDC BMI-for-age 
percentile curve

Age range: 2 - 18 years 
United State

at risk for overweight 
- Percentile > 85th

at risk for obesity
- Percentile > 95th

Cole et al (2000)3

International Obesity Task 
Force BMI cutoff values
- The curve passing through 
 BMI of 25 and 30 kgm-2 at 
 age 18

Age range: 2 - 18 years 
United State, Britain, the 
Netherlands, Brazil,
Singapore, Hong Kong

overweight
- > 25 kgm-2 curve cutoff 
 point

at risk of obesity 
- > 30 kgm-2 curve cutoff 
 point

WHO (2006)5

WHO BMI-for-age curve
- Z-scores and percentiles 
used for under 5 and above 5 
years of age respectively

Age range: 
- 0 - 2 years 
- 2 - 5 years
- 5 - 19 years
United State, Brazil, India, 
Ghana, Oman, Norway

overweight 
- Z-score > 2
- Percentile > 85th

obesity
- Z-score > 3 
- Percentile > 95th
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Table III: List of comorbidity and complication associated with longstanding childhood obesity and 
anaesthetic implication.14-20

AFFECTED ORGAN/SYSTEM

Respiratory
Obstructive sleep apnoea

Bronchial asthma & hyperreactivity
Recurrent respiratory tract infection
Pulmonary Hypertension 

Gastrointestinal
Gastroesophageal reflux disease

Non-alcoholic Fatty liver diease
- Asymptomatic steatohepatitis
- Cirrhosis
Cholelithiasis & Cholecystitis

Endocrine
Metabolic syndrome
- insulin resistance and glucose intolerance
- hypercholestrolaemia
- elevated trigliseride
Pseudohypothyroidism
Polycystic ovarian syndrome

Cardiovascular
Higher resting heart rate and cardiac output
Hypertension
Left ventricular hyperthrophy 

Artherosclerotic disease 

Musculoskeletal
Slipped femoral epiphysis
Excessive subcutaneous & visceral fat deposit 
- upper airway & anterior neck region
- chest wall 
- abdominal 

- limbs

ANAESTHETIC IMPLICATION

- Increased risk of PRAE and ORAE causing 
 unanticipated paediatric ICU admission, postoperative 
 oxygen support and prolonged hospitalization
- Increased risk of PRAE

- Evaluation for right heart disease would be required

- Adequate fasting time is mandatory especially in 
 emergency cases. Allowing clear fluid up to 2 hours 
 prior to surgery does not increase the pulmonary 
 aspiration risk.

- Preoperative fasting blood glucose should be obtained 
 to rule out undiagnosed type II diabetes mellitus; 
 facilitate perioperative glucose control and reduce 
 postoperative complication related to hyperglycaemia. 

- Increase risk of left ventricular dysfunction, 
 preoperative cardiac assessment would be necessary if 
 cardiac disease is suspected.

- Careful of posture and positioning
- Difficult mask ventilation and laryngoscopy
- Reduced chest wall compliance, requiring higher 
 ventilator setting; Reduced ERV, FRC resulting in 
 higher closing volume; causing atelectasis and V/Q 
 mismatch. 

- Difficult intravenous access

PRAE - Perioperative Respiratory-related Adverse Event
ORAE - Perioperative Opioid-Related Adverse Event
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Table IV: Physiological changes in obese children and its impact on pharmacokinetic of anaesthetic drugs.14-22

Physiological changes in obese children

Body Composition
i. Increase subcutaneous adipose tissue
ii. Increase lean body mass

Blood and Constituents
i. Increase total blood volume
ii. Increase cardiac output 

Liver system
i. Increase liver mass to blood volume ratio
ii. Increase liver blood flow
iii. Increase in alpha-1-glycoprotein

iv. Increase activity of CYP 2E1, 2D6, 2C9, 1A2
v. Decrease activity of CYP3A4

Renal system
i. Increase kidney size
ii. Increase renal blood flow

Pharmacokinetic impact on anaesthetic drugs

- Increased volume of distribution of lipophilic drugs; 
 requiring higher initial dose

- Increased volume of distribution; requiring higher 
 initial dose

- Increased volume of distribution, peak concentration 
 and clearance. 
- Reduced free form drugs that are highly protein bound. 
 But no consistent pattern of protein binding in obese 
 children
- Affect clearance of drugs metabolized by the specific 
 enzymatic pathways.

- Increased clearance of drugs

Table V: Recommendation of weight scales for calculation of intravenous anaesthetic drugs in overweight 
and obese children.14-22

DRUGS

Induction Agents
  Sodium Thiopentone
  Propofol
  Etomidate
  Benzodiazepine

Neuromuscular Blocking Agents
  Suxamethonium
  Atracurium
  Cisatracurium
  Rocuronium
  Vecuronium

Opioid Analgesia
  Fentanyl
  Sulfentanyl
  Alfentanyl
  Remifentanyl
  Morphine
  Naloxone

Non-Opioid Analgesia
  Paracetamol
  Clonidine
  Dexmeditomidine 

Reversal Agents
  Neostigmine
  Sugammadex

COMMENTS

 

Titrated to effect
Titrated to effect

Titrated to effect

Maximum dose 5 mg

INDUCTION /1st DOSE

TBW
LBM
LBM
IBW

TBW
IBW
IBW
IBW
IBW

TBW
TBW
TBW
LBM
IBW

IBW
LBW
LBW

TBW
TBW

MAINTENANCE DOSE

-
TBW

-
IBW

-
IBW
IBW
IBW
IBW

LBM
LBM
LBM
LBM
IBW

-

IBW
IBW

TBW - Total Body Weight
IBW - Ideal Body Weight
LBM - Lean Body Mass
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 demonstrated an increased risk of occurrence 
 of perioperative laryngospasm, bronchospasm 
 and postoperative stridor in children coming for 
 ENT surgery when compared to non-ENT 
 surgery. Laryngospasm primarily occurred at 
 awakening than during induction. Bronchospasm 
 occurred throughout the stages of anaesthesia at 
 induction, maintenance and awakening. 
 However, BMI has no statistically significant 
 effect on the incidence of PRAE amongst obese 
 children coming for airway surgery.36

 Airway challenge in obese children is due to 
 fatty deposits of the upper airway structures 
 and subcutaneous fat deposits in the anterior 
 neck region causing significant difficulty during 
 bag mask ventilation, laryngoscopy and 
 intubation. Prolonged ineffective mask 
 ventilation can result in gaseous distension of 
 the stomach. In addition, excessive adipose tissue 
 deposits in the chest wall and abdomen together 
 with cephalad displacement of the diaphragm 
 would decrease chest wall compliance, along 
 with functional residual capacity, vital capacity 
 and inspiratory capacity causing ineffective 
 ventilation.17-19 Therefore, inhalational induction 
 with sevoflurane could be a challenge in obese 
 children who have a higher potential of airway 
 obstruction causing inadequacy of anaesthetic 

 depth prior to intravenous cannulation and 
 securement of the airway due to ventilation - 
 perfusion mismatch, intermittent airway 
 obstruction and difficult mask fitting. Laryngeal 
 mask airway (LMA) selection should not be done 
 based on total body weight (TBW). Patient 
 age, upper airway anatomy and sizes need to be 
 considered. 

 Being aware of the associated risks and potential 
 complications, it is advised that two or more 
 trained anaesthesiologists should be present 
 during induction and extubation to help 
 smoothen the process and prevent airway 
 complications.

ii. Perioperative Pulmonary Aspiration Event 
 (PPAE)

 Perioperative pulmonary aspiration event 
 (PPAE) is uncommon in paediatric patients. 
 Emergency surgery, a complicated airway 
 management at induction, unprotected airway 
 and failure to maintain adequate anaesthetic 
 depth had been identified as a critical time for 
 PPAE of gastric content or blood to occur in 
 children.37-40 Table VII displays an overview 
 of relevant studies on PPAE in obese children.38-41 
 It is stipulated that the incidence is higher in 

Table VI: Overview of studies on perioperative respiratory adverse event in obese children.28-31

Procedure

Prevalence

Adverse 
Event

El-Metainy et al (2011)30

n = 1465

general surgery

Normal - 74.3%
Overweight - 15.2%
Obese - 10.5%

Difficult BMV
Oxygen desaturation
Airway obstruction
Bronchospasm

Tait et al (2008)29

n = 2025

non-cardiac surgery

Normal - 68.2%
Overweight - 14.5%
Obese - 17.3%

Difficult BMV
Bronchospasm
Continuous coughing
Airway obstruction
Oxygen desaturation

Nafiu et al (2007)28

n = 6094

all surgery

Normal - 68.4%
Overweight - 14.4%
Obese - 17.2%

Difficult BMV
Difficult laryngoscopy
Airway obstruction
Prolonged PACU

Gleich et al (2012)31

n = 300

tonsillectomy ± 
adenoidectomy

Normal - 66.7%

Severe Obese - 13.3%

Airway obstruction
Bronchospasm
Severe hypoxemia
Laryngospasm

BMV - Bag Mask Ventilation
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Table VII: Overview of perioperative vomiting and pulmonary aspiration related to obese children.38-40,46

Age
Incidence

Mortality

Risk 
Factors

Walker (2013)41

prospective 
multicenter
n = 118 371

< 18 year
24 cases
Aspiration: 2 per 10 000
 - EL: 2.0 per 10 000
 - EM: 2.2 per 10 000

nil

Difficult airway
Gastrointestinal 
pathology
Obesity
Preoperative opioid
Anxiety
Light Anaesthesia

Cook-Santher et al 
(2009)40

prospective single 
center

n = 1000

2 – 12 year (day 
surgery)
Emesis: 8 per 1000
 - OSA: 6 out of 8 
 - Obese: 4 out of 8
 - ASA II & III: 6 vs 2

nil

ASA II & III physical 
status
Obesity 
OSA

Warner et al (1999)38

retrospective single 
center

n = 63 180

< 18 year
24 cases
Aspiration: 3.8 per 
10 000
 - EL : 2.0 per 10 000
 - EM: 25 per 10 000

nil

Emergency surgery
Induction process
Gastrointestinal 
pathology
Age < 3 years

Tan & Lee (2016)42

retrospective single 
center

n = 102 425

< 18 year
24 cases
Aspiration: 2.1 per 
10 000

nil

Emergency surgery
Induction process

EL -  elective case
EM - emergency case

 obese children because of a significantly positive 
 association between obese children with GERD 
 due to high gastric acid output, increase 
 abdominal mass and intra-abdominal 
 pressure.42-45 Sonographic assessment by Chiloiro 
 et al 1999 found a positive correlation between 
 fasting antral area and BMI in non-hospitalised 
 children. Both fasting and post-prandial antral 
 area were significantly different between severely 
 obese in comparison with obese and normal 
 weight children, indicating a progressive effect 
 of obesity severity toward gastric emptying.46 
 Cook-Santher et al 2009 demonstrated an 
 increasing BMI percentile associated with 
 increasing gastric fluid volume and decreased 
 gastric fluid acidity.40 There is a different rate 
 of gastric emptying between solid food and 
 fluid. Emptying solid food from the stomach is 
 energy density related, depending on the 
 digestion process required. Although childhood 
 obesity is a recognized potential risk but the 
 correlation of obesity with PPAE is not 
 significant37-40 because obese children have an 

 accelerated gastric emptying time.45-47 Therefore, 
 in the absence of GERD or gastrointestinal 
 disease; fasting time of solid food and clear 
 fluid in obese children should be 6 and 2 hours 
 respectively, following our national paediatric 
 fasting guideline.48

iii. Perioperative Opioid-related Adverse Event 
 (ORAE)

 Obese children with or without OSA have 
 higher incidence of perioperative ORAE.9,10,49,50 
 Children with OSA are more sensitive to the 
 effects of opioid-related respiratory depression 
 because of diminished response to hypercarbia 
 and have difficulties arousing from normal sleep 
 or from opioid-related over-sedation.9,49,50

 United States Food and Drug Administration 
 has recently announced that administration of 
 codeine and tramadol in children younger than 
 12 years is contraindicated. A new warning was 
 also issued against prescribing codeine and 
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 tramadol to adolescent age 12 to 18 years who 
 are obese, have OSA or severe lung disease.51 
 Regardless of being catagorised as a weak 
 opioid, codeine and tramadol is a prodrug 
 required to be bioactivated through cytochrome 
 P450 micro-enzyme CYP2D6 pathway to 
 morphine and M1 metabolite respectively. Its 
 opioid activity results mainly from binding of 
 the metabolites to μ-opioid receptors, which 
 have significantly higher affinity than the parent 
 drugs. Ultra-rapid metabolizers and extensive 
 metabolizers of CYP2D6 relatively produce 
 more active opioid metabolites resulting in life-
 threatening ORAE especially in young children. 
 In the absence of pharmacogenetic testing, 
 prescribing opioids metabolized by CYP2D6 
 such as codeine, tramadol, hydrocodone and 
 oxycodone to paediatric patients is not safe.52,53

 Beside the pharmacogenetic factor, ORAE 
 could occur in obese children due to failure 
 in recognising obesity in the children itself or 
 incorrect weight scale selection causing wrong 
 dose calculation and administration. Obese 
 and OSA children requiring postoperative opioid 
 analgesia should be monitored closely in special 
 care unit, or alternative multimodal analgesia 
 could be offered.

iv. Difficult intravenous access

 Nafiu et al (2010) demonstrated that peripheral 
 venous cannulation in anaesthetised obese 
 children is time-consuming, highly frustrating 
 and more likely to require two or more 
 cannulation attempts than lean children, even for 
 the experienced anaesthesia professionals. A 
 thicker subcutaneous adipose tissue layer had 
 rendered the superficial veins significantly less 
 visible and less palpable. Hence the most likely 
 site for successful placement in obese children 
 after a failed attempt over dorsum of the hand 
 is the volar surface of the wrist.54 This 
 information is useful to give parents an estimate 
 of how many attempts will likely be needed for 
 success, and helpful to determine which children 
 would benefit from further interventions 

 like trans-illumination and ultrasound-guided 
 cannulation. 

v. Venous thromboembolism (VTE)

 Venous thromboembolism is not uncommon in 
 children. Kim and Sabharwal (2014) 
 approximated the incidence to be 1 in 
 10,000 per year and estimated its prevalence 
 among hospitalized children to be 9.7 per 
 10,000 admissions.54 The highest incidence 
 occurs during neonatal until infancy period and 
 the second peak is post pubertal or greater than 
 or equal to 12 years old. Table VIII classifies and 
 summarises the risk factors of VTE in children.55-59 
 The majority of anaesthesiologists are not aware 
 regarding these multifactorial risks in paediatric 
 population. Hence, identification of children at 
 risk is often neglected. The Association 
 of Paediatric Anaesthetists of Great Britain 
 and Ireland (APAGBI) Working Group on 
 Thromboprophylaxis in Children has recently 
 published a risk assessment and decision-
 making algorithm as well as recommendation 
 on mechanical and pharmacological prophylaxis 
 to prevent perioperative VTE in paediatric 
 patients coming for surgery.59 
 Thromboprophylaxis should be considered 
 for obese children coming for major surgery with 
 prolonged postoperative immobilization period.

vi. Postoperative Paediatric Intensive Care Unit 
 Admission

 There is no specific guideline on postoperative 
 Paediatric Intensive Care Unit (PICU) 
 requirement for obese children. A child with 
 OSA per se does not require a blanket referral for 
 routine postoperative PICU admission. 
 The American Academy of Paediatric and 
 American Academy of Otolaryngology-Head 
 and Neck Surgery Foundation had identified 
 risk factors for PRAE in children with OSA 
 undergoing adenotonsillectomy. Children 
 younger than 3 years, severe OSA, cardiac 
 complications of OSA, nadir saturation < 80%, 
 craniofacial anomalies, neuromuscular disorders, 
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 obesity, prematurity, recent respiratory infection 
 and failure to thrive are considered high-risk 
 patients, which require referral to a specialist 
 center and should be monitored as inpatient 
 postoperatively.6,60

 Walker et al 2003 had identified criteria for 
 elective PICU admission following 
 adenotonsillectomy surgery such as PSG proven 
 OSA patient with respiratory disturbance 
 index (RDI) > 40, or RDI > 20 associated with 
 desaturation < 70%, age < 3 years, weight < 3rd 
 centile, central apnoea, neuromuscular disease 
 and specific syndrome liable for postoperative 
 airway obstruction, or patient with significant 
 risk of primary haemorrhage and blood 
 dyscrasias, or patient with cyanotic and complex 
 congenital heart disease.61 Shine et al 2006 was in 

 agreement with some of the criteria. Nevertheless, 
 admission to PICU, paediatric high dependency 
 or step-down units varies from hospital to 
 hospital. The most appropriate setting to monitor 
 these patients postoperatively must be decided 
 by each unit, given individual hospital resources 
 and expertises.62

CONCLUSION

Childhood obesity, with or without OSA, is a major 
risk for perioperative adverse event. A tailor-made 
anaesthesia regime should be offered to every 
obese child coming for surgery. It is imperative 
that we prepare ourselves with the knowledge to 
handle this challenging patient. This should start 
with preoperative screening and optimization, 
followed by suitable intraoperative technique and 

Table VIII: Identified risk of VTE in children.54-59

CONGENITAL

Congenital Severe Thombophilia 
- Antithrombin III deficiency
- Homozygous Factor V Leiden mutation
- Homozygos Prothrombin mutation
- Protein C deficiency
- Protein S deficiency
Complex congenital heart disease

ACQUIRED

Age  (bimodal age risk distribution)
 - Neonate to infancy  (1 day - 12 months of age)
 - > 12 years old or post puberty
Central venous catheter 
Venous thromboembolism 
 - previous history of VTE
 - 1st degree family history of VTE or severe 
  thrombophilia
Co-morbidity
 - Malignancy, not in remission 
 - Nephrotic syndrome
 - Inflammatory disease (reactive)
 - Blood Stream Infection (severe and active)
 - Hyperosmolar state (serum osmolarity >320mOsm/kg)
Obesity
Medications 
 - Estrogen therapy (within 12 months)
 - Asparaginase
Trauma 
 - spinal cord injury, pelvic and > 1 long bone fractures
 - requiring ICU admission
Surgery or Procedure 
 - orthopedic hip and pelvic
 - abdominal and thoracic 
 - > 90minutes within the last 14 days
Decrease mobility > 48 hours 
Burn > 50% Body Surface Area
Pregnancy (until 6 weeks postpartum)
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The primary goal of intensive care is to treat acute 
reversible life-threatening conditions so that 
patients survive with acceptable functional status 
and quality of life. While providing therapeutic 
interventions, clinicians should also attend to 
patients’ discomfort and control any distressing 
symptoms. However, when death appears inevitable 
or the possibility of restoring a meaningful life 
becomes remote, the patient should be accorded a 
dignified death.

Death in Malaysian Intensive Care Unit (ICU)

Data from the Malaysian Registry of Intensive Care 
20171 showed a crude in-ICU mortality of 18.3% 
and crude in-hospital mortality of 26.4% which has 
remained the same over the years. These figures 
were comparable to a multicentre European cohort 
which reported incidences of 19.1% and 23.9% 
respectively.2 There was variable in-hospital all-
cause mortality depending on patient cohort with 
severe sepsis alone at 41.6%, increasing to 51.5% 
with concomitant adult respiratory distress 
syndrome (ARDS) and 57.7% in the presence of 
acute kidney injury (AKI) and while the presence 
of both AKI and ARDS with sepsis increased the 
mortality to 72.5%.

Approximately 5 - 10% of intensive care admissions 
will become chronic3 as increasing number of 
patients survive their acute life-threatening illnesses. 
This chronic critically ill period will be interspersed 
with periods of recurrent sepsis, difficult weaning 
off mechanical ventilation and various other 
neurocognitive and physical impairments. Life 
expectancy does not return to that of normal 
population even if discharged home and this will be 
worse in the elderly.

Despite continuing medical advances, mortality 
following a critical care admission remains 
approximately 20%, with 60% of these deaths 
occurring after the decision to withdraw active 

treatment.4 Withholding or withdrawal of therapy 
refers to the discontinuation or not initiating 
vasoactive drugs, renal replacement therapy, 
mechanical ventilation, surgery, cardiopulmonary 
resuscitation or any other life-sustaining measures.5 
There has been a wide variability in the practice of 
withholding and withdrawing therapy in Malaysian 
ICUs from 0% to 80% in 2013 and 0% to 91% in 2017,1 
with level 3 ICUs managed by registered intensivists 
recording higher percentage of withdrawal. There is 
a gradual increase in the average number of deaths 
across all ICUs that die following withholding or 
withdrawal of therapy in 2013 and 2017 at 35% and 
40.3% respectively,6 as reflected in the registry. This 
is possibly due to better awareness among intensive 
care physicians as efforts have been made since the 
last decade to increase understanding in this regard.

Ethical Principles and Decision-Making 
Capacity

The main principles that underpin end-of-life (EOL) 
medical decisions are the same as the principles we 
abide by for any other patient. Respect for autonomy 
is acting in accordance to what the patient wants, 
though many critically ill patients are no longer able 
to exercise such autonomy. Beneficence is acting 
to benefit the patient needs to be weighed against 
non-maleficence which is ensuring that minimal 
harm is caused. At the EOL specifically, the burdens 
of intervention are often high, while the benefits 
are marginal and quality of life of ICU survivors is 
markedly diminished. Amidst all these, distributive 
justice needs to be ensured, paying due attention to 
fairness and equity while allocating intensive care 
beds and other limited resources.

These principles need to be applied either 
individually or collectively to frame the discussion 
on EOL care and one principle does not supersede 
the other. They may at times be conflicting, for 
example:
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 - between respect for autonomy and beneficence: 
  a terminal cancer patient who insists all life- 
  sustaining therapies (LST) to be provided 
  although they will not benefit him.

 - between beneficence and justice: providing 
  invasive mechanical ventilation in a patient with 
  decompensated heart failure who has had 
  multiple hospital admissions in the last 6 months 
  and is dyspnoeic at rest versus allocation of ICU 
  bed for a polytrauma patient.

A patient’s decision-making capacity should be 
assessed before having a discussion with him on 
EOL care. This includes the patient’s ability to 
comprehend, appreciate, rationalise and express 
choice of treatment. Most ICU patients do not have 
decision-making capacity and hence families become 
the surrogate decision-makers. The standards that 
may be used by surrogates in decision-making are:7

 - substituted judgement standard where decision 
  of the patient is considered, if known, or 

 - the best interest standard where decisions are 
  made based on the potential benefits and burdens 
  of treatment vs patient’s values and beliefs.

The accuracy of surrogates’ predictions of patients’ 
preferences remain in question. In a systematic 
review, the accuracy of surrogates predicting 
patients’ treatment preferences correctly was only 
68%.8 Ultimately, EOL decisions are shared medical 
decisions made by clinicians and concurred by 
family members. Once decision-making capacity is 
established, patient’s autonomy must be respected 
even though survival may be implicated. In cases of 
non-beneficial medical treatment, clinicians are not 
obliged to initiate or continue LST. The MMA Code 
of Ethics 200111 states “where death is deemed to 
be imminent and where curative or life-prolonging 
treatment appears to be futile, ensure that death 
occurs with dignity and comfort. Such futile 
therapy could be withheld, withdrawn or one may 
allow irreversible pathology to continue without 

active resuscitation. One should always take into 
consideration any advance directives and the wishes 
of the family in this regard. In any circumstances, 
if therapy is considered to be lifesaving, it should 
never be withheld.”

Respect for the dying should be maintained at all 
times. All dying patients should be afforded the 
same standard of care as other patients and be 
treated with dignity, respect and compassion. Their 
privacy and confidentiality should be respected at 
all times.

Who Will Not Benefit From Intensive Care7

The clinician is obligated to provide the best possible 
service within the confines of limited resources. 
Following this, the priority of admission into the 
ICU shall be for the critically ill patients who are 
most likely to survive and resume a functional life. 
Patients who are highly unlikely to benefit from life 
support therapy include those with:

 - Severe, irreversible brain condition impairing 
  cognition and consciousness

 - End stage cardiac, respiratory or liver disease 
  with no options for transplant

 - Metastatic cancer unresponsive to treatment

 - Advanced age with poor functional status due to 
  multiple chronic organ dysfunctions

 - Severe disability with poor quality of life

 - Advanced disease of progressive life-limiting 
  condition

 - Those who have explicitly stated their wish not 
  to receive life support therapy

The goals of care for such patients should have 
ideally been discussed earlier with them or their 
families before they become critically ill.
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Prognostication of Intensive Care Outcomes

Prognostication of critically ill patients being treated 
in the intensive care unit is neither easy nor precise. 
Severity scoring systems are of limited value in 
predicting outcome in individual patients. The 
clinician needs to draw from his own expertise and 
experience in identifying patients who are unlikely 
to benefit from further aggressive life support 
therapy. Besides reviewing the patient’s course of 
disease, the clinician must weigh the benefits against 
the burden of continuing life support therapy. EOL 
discussion with the family (or patient, whenever 
possible) should be initiated early, sometimes even 
upon admission to the ICU and not necessarily wait 
until the burden of treatment outweighs the benefit. 
The patient can continue to receive life support 
therapy following initiation of EOL discussion until 
a final decision is made. EOL decisions should be 
integrated with the patient’s or family’s values 
and hence strict evidence-based decision cannot be 
applied. These decisions need to be individualised.7

The determinants of poor intensive care outcome 
are multifactorial. They are not to be considered in 
isolation, but in the context of the entire story and 
clinical status of the patient. Some of the determinants 
listed below can help the clinician recognise when to 
initiate discussion on EOL decisions.

 - Severity of illness

 - Multi-organ failure

 - No period of clinical improvement despite 
  optimal therapy

 - Pre-existing advanced chronic condition e.g. 
  congestive cardiac failure, chronic lung disease, 
  chronic liver disease

 - History of cardiac arrest

 - Recurrent ICU admission during a single hospital 
  admission

 - Recurrent unplanned hospital admission within 
  the last 6 months

 - Poor and deteriorating performance status prior 
  to admission e.g. NYHA Class III or IV, limited 
  self-care, with more than 50% of the day spent in 
  bed

 - Underlying diagnosis remains unknown despite 
  extensive investigations

When faced with prognostic uncertainty, treatment 
should be continued to allow clearer assessment 
to be made with additional time and consultation 
with other clinicians. As the patient’s critical illness 
progresses and when the burden of treatment 
options outweighs its benefit, the clinician should 
initiate discussion on withdrawal or withholding 
of life support therapy. Patient should be allowed a 
natural and dignified death by not prolonging the 
dying process.

Although there is no ethical difference between 
withdrawal or withholding of LST, the former 
usually generates more concern because the 
possible short interval from withdrawal to death 
may be mistaken for terminating the patient’s life. In 
actual fact, the intention in withdrawing a treatment 
no longer of any benefit is equivalent to stop the 
postponement of death, and allowing the disease 
process to take its due course.

Practical Considerations of Withholding and 
Withdrawal of Life-Sustaining Treatment

There is no single way to withdraw or withhold 
life support therapy in the critically ill. The actual 
practice needs to be individualised to address 
physical, psychological, social and spiritual needs 
of the patient and family. When the direction of 
care has changed from curative intent to comfort 
the principles of palliative care should be enforced, 
including maintaining comfort and dignity, 
controlling symptoms, attending to psychological 
and spiritual needs, and supporting the family.9

Firstly, medical team consensus needs to be 
established. The intensive care team and the 
primary team should agree on EOL care decisions 
prior to discussion with the family. Communication 
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with patients and relatives is best done by the same 
clinician (specialist/consultant) who is involved 
in the active care of the patient, has frequently 
communicated with the family and has established 
trust and rapport with them. A witness (nurse or 
doctor) should be present during these discussions. 
Clinicians need to respect the fact that each patient 
and family will differ in how much input they wish 
to have in the decision-making process.

In the event of a disagreement, allow time for 
repeated discussions and negotiations. Failing this, 
consider either:

 - time limited trial (TLT) which is a goal-directed 
  trial of any intervention limited by predetermined 
  outcomes that are evaluated at planned intervals

 - second medical opinion from another clinician 
  from a similar specialty 

 - facilitation by a third party e.g. spiritual advisor

Patients and families must be given sufficient time 
to reach decisions on EOL and come to terms with 
the impending loss of their loved ones. 
 
A clear management plan is essential to ensure that 
the withdrawal process occurs smoothly. It should 
be conveyed to the family, with an emphasis on 
maintenance of comfort for the patient. Whatever 
form of support should be continued until the 
patient and family have had adequate time together. 
Other healthcare professionals e.g. primary team, 
physiotherapist, dietitian and others need to be 
aware of withdrawal plan and all investigations e.g. 
blood taking and X-rays are ceased.

Pain and other symptoms e.g. dyspnoea need to be 
well controlled. Morphine is the most commonly 
used opioid for analgesia and comfort. There is no 
maximum dose and large doses of opioids may 
be required for comfort and may unintentionally 
hasten death. This “double effect” of opioids 
is acceptable. Neuromuscular blockade makes 
assessment of comfort impossible and should not be 

used in intubated patients. Terminal sedation with 
benzodiazepines may be considered only when high 
doses of opioids are inadequate for comfort.
 
Airway secretion is managed by using 
glycopyrrolate, positioning in lateral position 
and frequent suctioning. All treatment that do 
not contribute towards comfort e.g. antibiotics, 
blood transfusions are discontinued. Feeding and 
intravenous fluids may also be discontinued unless 
specifically requested by family. Patient’s personal 
hygiene and dignity must be maintained at all times. 
e.g. diaper soiling is to be dealt with immediately.9

Families should be made aware that withdrawal of 
vasopressors may result in immediate death and, 
therefore, they should be nearby. Withdrawal of 
mechanical ventilation may be carried out either 
as terminal weaning where ventilator settings are 
reduced while leaving the endotracheal tube in-
situ or terminal extubation. Terminal weaning for 
better titration of sedatives may be less traumatic 
to families, though it may prolong the dying 
process. It may be the preferred option in patients 
with excessive respiratory secretions. Terminal 
extubation, on the other hand, removes the 
discomfort from the endotracheal tube and restores 
the “natural” EOL process. However, the family 
may interpret the ensuing noisy breathing or agonal 
breaths as discomfort and may misinterpret this 
as abandonment of care. Non-invasive ventilation 
may be used as a palliative care technique to 
minimise dyspnoea in conscious patients. Patients 
should be demedicalised and all monitors and 
ventilator alarms disabled. Families should be 
given unrestricted access to the patient. Patients are 
reassessed frequently to ensure patient comfort and 
needs are met.10

 
Documentation of all EOL decisions is imperative 
including the basis of the decision and amongst 
whom it was reached and specific treatments to be 
withheld or withdrawn. Death should be notified 
in direct language gently as soon as it occurs. 
Bereavement support to the family and healthcare 
providers should be made available if necessary.
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INTRODUCTION

The Cardiothoracic Anaesthesia and Perfusion Unit 
under the Ministry of Health (MOH), Malaysia 
started its services in Kuala Lumpur General 
Hospital in 1994 before they moved the cardiac 
centre to Hospital Pulau Pinang (HPP) back in 
1995. Later, the Sultanah Aminah Hospital in 
Johor Bahru, Johor, commenced its service in 1996. 
This was followed by Sarawak General Hospital, 
Serdang Hospital, Queen Elizabeth Hospital II, Raja 
Perempuan Zainab II Hospital and lastly Tengku 
Ampuan Afzan Hospital. Joining this fraternity 
makes me realize the challenges in managing one of 
the leading causes of death in Malaysia, ischaemic 
heart disease among males, estimated to cause 
12,656 (15.4%) of all male death. To date, we have 
about 20 Cardiothoracic Anaesthesiologists giving 
our service in the government hospitals across our 
country.

Cardiac anaesthesia has long been recognised as 
a subspecialized area. Anaesthesiologists in the 
Ministry of Health Malaysia (MOH) are required to 
undergo a three-year training programme to be able 
to independently provide anaesthesia for patients 
going for cardiothoracic surgery. Because of the 
extended training period, it can be a challenge to the 
interested anaesthesiologists to further their career 
in this field. Entry requirement is the same as other 
subspeciality which is two years post-gazettement 
as a specialist with reports from two supervisors 
pertaining suitability of the candidate. The three-
year programme includes two years supervised 
training in the local centres and one year abroad. 
In a nutshell, this programme objectives are to 
provide in-depth and comprehensive training in the 
field of cardiothoracic anaesthesia and perfusion 
- including principles, technique and physiology 
of cardiopulmonary bypass (CPB), techniques 
of myocardial preservation and cardiothoracic 
surgical technique, competency in the anaesthetic 
management of patients in cardiothoracic related 

surgeries (e.g. carotid artery, aortic, pericardial, 
lung and mediastinal surgeries), competency 
using Transoesophageal Echocardiography (TOE), 
managing patients in Cardiothoracic Intensive 
Care Unit (CICU) and to accrue knowledge in 
recent advances and technological developments in 
cardiothoracic anaesthesia and perfusion. However, 
the TOE training is informal and it is optional to 
the trainee to take his/her own examination to get 
certified in TOE. The total duration of training is 36 
months with the first 24 months fully supervised, 
and the final 12 months may be under distant 
supervision. The 24 months of supervised training 
includes at least nine months of overseas training. 
Details of the programme can be found in the 
www.moh.gov website.

Teamwork between the anaesthesiologists, surgeons, 
perfusionists and nurses, both in operation theatre 
and intensive care unit, play an important role in 
ensuring successful outcome of the surgery, hence 
reducing morbidity and mortality. Case discussion, 
especially the high risk patients, need to be addressed 
thoroughly during preoperative assessment with 
the involvement of the cardiologists. It necessitates 
the responsibility of giving balanced anaesthesia 
in high risk cardiac patients while monitoring the 
perfusionist operating the heart lung machine 
(HLM) during cardiopulmonary bypass. In HSAJB, 
etomidate, midazolam and fentanyl are given for 
induction followed by rocuronium with inhalational 
agent, Sevoflurane as maintenance of anaesthesia 
with target-control-infusion (TCI) Remifentanil. The 
BiSpectral index monitor is used while titrating the 
maintenance of anaesthetic given throughout the 
surgery.

As mentioned above, a cardiac anaesthesiologist 
needs to be equipped with the knowledge of using 
the TOE perioperatively to provide care to the 
patients as well as managing the Advance Cardiac 
Monitoring device to facilitate the management of 
the patient efficiently. Pulmonary Artery Catheter 

Challenges As A Cardiothoracic Anaesthesiologist 
In Government Hospital

Azmiza Maharani
Cardiothoracic Anaesthesiologist, Hospital Sultanah Aminah, Johor Bahru, Johor, Malaysia



73

MALAYSIAN SOCIETY OF ANAESTHESIOLOGISTS

(Swan Ganz) monitoring is still the gold standard in 
monitoring the cardiac output either intermittently 
or continuous monitoring of the cardiac output. 
Other advanced cardiac monitoring device used 
is EV 1000 monitor (FloTrac device). Intra-Aortic 
Balloon Pump (IABP) may be inserted in high risk 
cases to increase myocardial oxygen perfusion and 
indirectly increases cardiac output through afterload 
reduction. The anaesthesiologist, perfusionist 
and surgeon should be able to manage the IABP. 
However, Extracorporeal Membrane Oxygenation 
(ECMO) service is only available in certain MOH 
centres. Currently, we are in the middle of making a 
comprehensive protocol on ECMO for MOH cardiac 
centres. Attending courses locally or internationally 
does help to further improve the knowledge in 
managing complex cases.

Technological innovation and surgical expertise 
have led to widespread of popularity of minimally 
invasive cardiac surgery (MISC). Anaesthetic 
practices are continually evolving with advancement 
and innovation of MISC. The involvement of the 
anaesthesiologist from the beginning of patient 
evaluation is important to avoid unnecessary 
change in plan later on. The requirement of one-lung 
ventilation mandates an evaluation of pulmonary 
function. MISC with femoral arterial and venous 
cannulation may not have adequate venous drainage 
in which the full flow of cardiopulmonary bypass 
cannot be achieved. In this situation, the surgeon 
might need to cannulate the superior vena cava via 
the internal jugular vein. One-lung ventilation in 
“almost” supine position worsened the ventilation-
perfusion mismatch. These two situations need 
to be addressed perioperatively. Our surgeons 
are still in their learning curve in performing the 
surgery and so do us in managing such cases. The 
communication between the anaesthesiologist and 
surgeon in managing such cases is utmost important 
in ensuring a successful outcome. Video-Assisted 
Thoracoscopy is widely used for lung and pleural 
diseases. Anaesthesia with one-lung ventilation 
will be required during surgery. Evaluation of 
pulmonary function is important to predict the 
ventilation perioperatively.
 

Managing remote anaesthesia in Invasive Cardiac 
Laboratory (ICL) may have their own challenges 
in view of hostile environment with a sparse 
and crowded workspace requiring vigilance and 
organisation to maintain access to the patient in 
cases such as Patent Ductus Arteriosus occlusion, 
atrial septal defect/ventricular septal defect 
occlusion. Indication for Transcatheter Aortic Valve 
Implantation (TAVI) is strictly perform in high-risk 
patients or those with contraindications to surgery 
in severe aortic stenosis. It is vital to communicate a 
plan in management for unexpected events and any 
limitation in resuscitation must be well discussed 
in advance. There should be provision for urgent 
femoral cardiopulmonary bypass, defibrillation and 
pacing with surgical intervention as required. 

The rise in the number of cardiac cases (myocardial 
infarction) and high risk cardiac patients is mostly 
due to unhealthy lifestyles and poor management 
by the patients themselves. These issues can also 
be a challenge as most of them are elderly with 
multiple co-morbidities. It needs to be addressed in 
view of high morbidity and mortality rate. This will 
translate to a longer duration of stay in the hospital 
hence the increase in hospital cost. The government 
covered most of the total cost for cardiothoracic 
surgeries. Younger patients will present themselves 
for valve or thoracic surgery. However, now, we 
are getting younger patients with smoking as the 
only risk factor for coronary artery bypass graft 
surgery (CABG). With ever changing and advances 
in the medical field, we were able to manage the 
patients better in more complex cases. Managing 
the patient after the surgery poses a different kind 
of challenge as we do not have intensivist managing 
our Cardiothoracic Intensive Care Unit (CICU). The 
same anaesthesiologist/surgeon will manage the 
patient postoperatively.
 
Paediatric cardiac cases are more complex and 
challenging as compared to adults. Only a few 
MOH cardiac centres are performing surgery on 
the paediatric population, which mandate the 
anaesthesiologists to be involved in the management 
of this group of patients with paediatric cardiac 
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surgeons, paediatric cardiologists as well as 
paediatric intensivists. There are only two paediatric 
cardiac surgeons in the government hospital. A 
cardiothoracic anaesthesiologist will improve the 
skill in paediatric cardiac anaesthesia when there is 
available and dedicated paediatric cardiac surgeon 
in each MOH centre.
 
One of the important challenges that we are facing is 
the lack of manpower. Due to a lack of the number 
of trained cardiothoracic anaesthesiologists, some 
centres are manned by only one cardiothoracic 
anaesthesiologist. These anaesthesiologists will be 
on call everyday throughout the year which may 
lead to exhaustion e.g. in Raja Perempuan Zainab 
II Hospital and Tengku Ampuan Afzan Hospital. 
The same goes for the cardiothoracic surgeons. A 
covering anaesthesiologist from other centre will 
help out when the need arises. It is quite a challenge 
in itself for the covering anaesthesiologist in adapting 
to a new environment and medical personnel in 
a short period of time while managing high risk 
cases. Different centres may have different type 
of equipment, e.g. the Echocardiogram machine, 
heart lung machine (HLM), ventilators as well as 
Advanced Haemodynamic Cardiac Monitoring 
available in that centre. However, it did give the 
covering anaesthesiologist a new exposure and 
valuable experience away from his/her comfort 
zone.
 
A special team is required to provide care in this 
unit which includes perfusionists, scrub nurses, 
anaesthetic nurses with intensive unit nurses. They 

too are required to undergo training to be able to 
work in the cardiothoracic centre. The perfusionists 
has their Advanced Diploma In Cardiovascular 
Perfusion programme by the Ministry of Health 
Malaysia in order for them to be privileged and 
having credentialled to handle the HLM under the 
supervision of the cardiothoracic anaesthesiologist. 
These perfusionists will be under the Cardiothoracic 
Anaesthesia and Perfusion Unit. Continuous hands-
on teaching is done to improve the skill and learn 
how to handle a crisis situation.
 
Last but not least, this job can be time-consuming. 
It is long hours working time mostly due to long 
hours of surgery especially with complicated and 
difficult cases. The anaesthesiologist need to be 
vigilant at all times which can be affected with 
tiredness. The shortage of cardiac anaesthesiologists 
equates to frequent on-call duty, especially in centres 
with only one cardiac anaesthesiologist. These 
anaesthesiologist have to be available at all times 
and only be relieved when another colleague from 
another centre is available. Long working hours can 
take a toll on our social life with less time to spend 
with the family. The family needs to understand and 
empathize with the cardiac anaesthesiologist line of 
work. Managing time between our career and family 
is important for a better quality of life.

Despite all the challenges, the passion to make a 
difference in giving patients a new breath of life 
makes me pursue in this speciality and the feeling 
is priceless!
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