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Foreword

It is with great pride and pleasure that I write this Foreword for the MSA Year Book 2019 /2020.

Congratulations to the team especially to the Editors, Associate Professor Dr W Mohd Nazaruddin
W Hassan and Dr Wan Fadzlina Wan Muhd Shukeri, from Universiti Sains Malaysia, who have
worked really hard at crafting this year’s scintillating Year Book.

The theme for this year is “Embrace the Challenge” taking into consideration the huge challenges
anaesthesiologists are facing in looking after patients undergoing complex surgery and who are
critically ill. It is with significant coincidence that the year 2020 is the year where anaesthesiologists
are pushed to the forefront in the fight against COVID-19. This is due to our skill set which
involves resuscitation and critical care, that compels us to be ever ready to tackle the pandemic.
The articles featured here will hopefully serve as an up-to-date guide in enhancing our knowledge
in anaesthesiology and critical care.

I would like to thank the Editors, contributing authors, reviewers and all those who are involved
in making the Year Book a success.

I hope this Year Book will be a useful guide and good reading particularly for the MSA members.
This will also serve to highlight the academic contributions of MSA members in the area of
anaesthesiology and critical care.

Enjoy the read and stay safe and healthy.
Professor Dr Marzida Mansor

President
Malaysian Society of Anaesthesiologists



Preface

We would like to thank the Malaysian Society of Anaesthesiologists for the opportunity given to
us as Editors for this 2019/2020 Year Book. It has been a rewarding experience in our professional
life. Our sincere thanks to all the authors and the reviewers who helped make this Year Book
successful. Thank you also to the readers. We appreciate your continuing attention and support.

This year’s issue contains ten articles that address major issues across different sub-specialities
within our discipline following the theme “Embrace the Challenge”. The year 2020 marks
a major change in healthcare after the declaration of COVID-19 pandemic, which is regarded
as the “greatest challenge of our age”. In the very First Chapter of this Year Book, the authors
highlight some critical concepts on airway management in COVID-19, one of our chief tasks as
anaesthesiologists in fighting this pandemic. While we take pride in our efforts in controlling
the COVID-19 pandemic, dengue is still endemic in some parts of our country. In Chapter Two,
the authors perform a literature review on an important complication of severe dengue from an
intensive care perspective.

Deep brain stimulation surgery is emerging as one of the treatment modalities for movement
disorders such as Parkinson disease. The anaesthetic management of this surgery is presented
in a clinically applicable review by authors in Chapter Three. Meanwhile, in this modern era of
anaesthesia, a reliable depth of anaesthesia monitoring is keenly sought. The current issues and
controversies in this area are reviewed by the authors in Chapter Four. Among today’s public
health challenge is obesity, of which the anaesthesiologists too are impacted. In Chapter Five, the
authors share their anaesthetic experience in setting up and running an ERAS®-based bariatric
surgery centre. As the practice of anaesthesia continues to evolve, so is the search for the ideal
anaesthetic agent. The author in Chapter Six performs a narrative review on some of the newly
available anaesthetic agents.

Despite latest advances, recent surveys do not show any major improvement in the post-operative
pain management. Chapter Seven is therefore dedicated to the issue of post-operative hyperalgesia,
where the author features the important role of ketamine. In the meantime, paediatric difficult
airway remains one of the most challenging clinical situations faced by anaesthesiologists. In
Chapter Eight, the author presents a review of the new concepts and evidence in the paediatric
difficult airway management. In Chapter Nine, the authors address the issues related to population
ageing, in which the latest update with regards to the optimal anaesthetic care of the elderly
presenting for surgery is reviewed. Finally, the author in Chapter Ten presents a case scenario,
followed by a discussion, of the perioperative management of parturient with congenital heart
disease. Pleasant reading!

Associate Professor Dr W Mohd Nazaruddin W Hassan
Dr Wan Fadzlina Wan Muhd Shukeri

Editors

MSA Year Book 2019/2020
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Airway Management In COVID-19: A Clinically
Applicable Narrative Review

Asmah Zainudin!, Wan Fadzlina Wan Muhd Shukeri?

!Consultant Intensivist and Anaesthesiologist, Department of Anaesthesiology and Intensive Care,
Hospital Sultanah Bahiyah, Alor Setar, Kedah, Malaysia

*Senior Lecturer and Consultant Anaesthesiologist, Department of Anaesthesiology and Intensive
Care, School of Medical Sciences, Universiti Sains Malaysia, Kubang Kerian, Kelantan, Malaysia

INTRODUCTION

Anaesthesiologists worldwide have been called to
the front lines in fighting the COVID-19 pandemic.
One of our chief tasks is to perform the intubation.
However, intubation, and the steps leading up to
and following it, is one of the highest-risk moments
for COVID-19 transmission to the airway providers.!
This article is written to provide a review of the
emerging best practices for airway management in
suspected or confirmed COVID-19 patients, based
on our experience and current evidence from the
literature.

DROPLET OR AIRBORNE TRANSMISSION?

One of the key concerns with COVID-19 is that the
modality of its transmission remains uncertain.
As a revision, droplet transmission is caused by
viral particles within small drops of bodily fluids.
Airborne transmission, on the other hand, is through
particles small enough to be borne on air currents
and can spread much further in closed spaces.
Polymerase chain reaction testing of COVID-19
patients” rooms, even those who had only mild
respiratory symptoms, showed contamination in fan
vents on top of gross contamination of surfaces like
shoes, handles, and toilet seats prior to cleaning.? As
such, the possibility that COVID-19 transmission is
airborne cannot be ruled out.>* Many of the current
recommendations are based on the fact that droplet
precautions will not be enough to protect against the
infection transmission during airway management
of COVID-19 patients.*®

MINIMIZING AEROSOLIZATION

Several commonly performed medical procedures
are likely to aerosolize patient sputum and thus
increase the risk of exposing providers to COVID-19

transmission. Intubation is one procedure that
should be considered at a time when production of
airborne particles is a certainty.! As such, limiting
the components of the intubation that can send
aerosolized virus into the room should be a priority.
This will be discussed further in the next few sections
of this article.

Other than intubation, non-invasive ventilation
(NIV), high-flow nasal cannula (HFNC), suctioning
and bag-valve mask ventilation (BVM) all have been
linked to aerosolization and infection transmission
in COVID-19.! Therefore, their use should be
implemented with discretion. The use of NIV and
HENC for suspected or confirmed COVID-19
patients should be minimized and limited to
negative pressure rooms (NPR) if required.* For
this same reason, some literature recommends that
all patients requiring oxygen flows greater than
6L/min be cared for in NPR.' Despite concerns
for infection transmission, NIV may be required to
achieve adequate preoxygenation for safe intubation
of a severely hypoxemic patient. If used, the
providers should make every attempt to minimize
air leaks by ensuring a tight seal and the benefits of
NIV use must always be weighed against the risks of
infection transmission, even in NPR.*

PERSONAL PROTECTIVE EQUIPMENT

Current recommendations advocate the use of
personal protective equipment (PPE) which is
protective to airborne transmission prior to airway
management in COVID-19 patients.*> Airborne
PPE for COVID-19 consists of eye protection, a
fit-tested respirator such as an N95 mask, a fluid-
resistant gown, and gloves. Intubation providers
may consider double gloving such that one layer
of gloves may be discarded after securing the
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airway, before handling any other equipment.
A powered air-purifying respirator (PAPR) provides
high calibre protection and may be worn if available
(Figure 1).

Figure 1: The author (left) donning the personal
protective equipment with a powered air-purifying
respirator

N95 or PAPR?

When comparing the N95 mask to a PAPR for
protection of the providers performing airway
management, the pros and cons of each PPE must
be considered. N95 masks filter approximately 95%
of aerosolized particles (<5um) and droplets (5-
50pm), are more readily available and faster to don,
do not require a power source, and allow use of a

stethoscope. In addition, they are less expensive and
more readily available. N95 masks do not prevent
contamination of face and neck and can be rendered
ineffective by poor fit.*” Decontamination of face and
neck should therefore be considered after airway
management with an N95 mask.

PAPRs offer some advantages when compared to
N95 masks. The advantages include highest level
of protection from aerosolized particles,® approval
as an alternative when fit test of N95 respirator has
failed or difficult to perform, continuous usage and
reusability after proper cleaning. The disadvantages
include requiring connection to a power source
such as a battery, impaired communication due to
the noise of positive airflow and filter, inability to
use a stethoscope, and the risk of contamination for
anyone disposing of or re-processing the PAPR filter.
Should We Use the “Aerosol Box” for
Intubation?

The high demand and limited supply for PPE has
led to multiple innovations in battling the COVID-19
pandemic. One such innovation is the Aerosol Box,
a device designed as a protection of the providers
from patients’ droplets or aerosols spillage during
procedures such as intubation. The original idea was
from Dr Lai Hsien-Yung, an anaesthesiologist from
Taiwan.? However, review of the literature reveals
no retrievable evidence on its efficacy and safety at
the time of this writing.

However, in-situ simulation studies showed longer
intubation time, reduced first-pass intubation
and possibility of increased exposure to aerosols
with the application of this box.”!® Restricted hand
movements for procedure manoeuvres required
trained personnel and may cause body discomfort.
Care should be taken of false sense of security
from infection transmission with the usage of this
box. Stronger evidences are required to ensure the
effectiveness of the Aerosol Box as a protective
device for airway providers against COVID-19
transmission.



AVOIDANCE OF ‘CRASH’ INTUBATIONS

Given the increased risk of exposure to providers,
all efforts should be made to avoid emergently
intubating COVID-19 patients. The providers
must consider elective intubation for proactive
management of Acute Respiratory Distress
Syndrome (ARDS) and viral containment in any
patient with increasing oxygen requirement above
6L/min, worsening PaO2/FiO2 ratio, or increased
work of breathing or respiratory rate or for whom
the need for NIV or HENC is being considered."
Whether intubation is appropriate in patients
meeting the above decompensating criteria must
be a case-by-case decision; however, it is imperative
that intubation not be a consideration reserved for
those in extremis.

PERI-INTUBATION PRECAUTIONS IN COVID-19
Pre-Intubation

The plan for airway management should be
conducted in NPR with full airborne precautions.
In preparation for intubation, the patient must have
intravenous (IV) access and, at minimum, the basic
physiologic monitors recommended by the American
Society of Anaesthesiologists. The airway providers
will need airway equipment readily available
including a working suction, laryngeal mask
airways, gum elastic bougies, video laryngoscopy
(VL), waveform capnography, and a ventilator at
bedside. All necessary equipment and medications
should be prepared prior to entry into the room so as
to minimize the duration of possible exposure. The
team should ensure that a high efficiency particulate
air filter is placed on the ventilator circuit directly
at the site of connection with the endotracheal tube
(ETT) prior to use. Based on patient comorbidities
and potential haemodynamic instability during
the intubation process, appropriate vasopressors
should be available and in line prior to intubation.
It is also important to designate roles, for example,
one provider is to manage airway, and another is to
administer drugs.

MALAYSIAN SOCIETY OF ANAESTHESIOLOGISTS

During Intubation

High-quality preoxygenation with 100% inspired
oxygen for 5 to 10 minutes is important to optimize
patients prior to airway management. BVM should
be avoided in COVID-19 patients when possible.
Prior studies have found that BVM before intubation
was associated with an increased risk of COVID-19
transmission.”? If BVM is required, low tidal
volumes should be used, and all precautions should
be taken to avoid leaks. Some experts recommend
placing an LMA immediately after induction, if
post-induction ventilation is required, to lower the
risk of aerosolization.

The choice of neuromuscular blocking agents for
these patients remains a topic of debate. Cheung et
al. recommend a modified rapid sequence intubation
approach using a high dose of nondepolarizing agent,
such as rocuronium rather than succinylcholine.’®
The longer duration of action of rocuronium prevents
aerosolization via patient coughing in the event of
multiple attempts at intubation. An increased dose
of rocuronium (>1.2mg/kg) reduces time to drug
onset which decreases the risk of patient coughing
during intubation. Use of IV lignocaine (1.5mg/kg)
and avoidance of fentanyl are additional strategies
which may help to prevent coughing.*

Routine use of VL has been suggested to provide
additional distance between the intubating provider
and the airway. If this is unsuccessful on two
attempts, the threshold to proceed to surgical airway
should be lowered.* The time to cuff inflation and
connection to ventilator circuit should be minimized.
Of utmost importance, the most experienced
provider should perform the intubation.

Post-Intubation

Following intubation, any equipment that was in
contact with the airway should be immediately
disposed of or contained within a plastic bag for
decontamination. Any contaminated PPE should
be removed as soon as possible, and outer gloves
replaced.
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Data on the ideal ventilation parameters specific
to COVID-19 patients is lacking. Up to 67% of
critically ill COVID-19 patients may develop ARDS,
therefore, the clinicians should consider lung
ventilation strategies that have been established
for the management of ARDS.* It is also important
to maintain appropriate levels of sedation and,
if necessary, paralysis to limit patient-ventilator
dyssynchrony.

Extubation

Extubation poses another significant risk of COVID-19
transmission.! As such, it should be performed
with caution. It is recommended to designate roles
and safely limit the number of providers present
for extubation. A detailed post-extubation oxygen
support plan should be established, considering
that NIV and HENC pose transmission risk. The
benefits of their use post-extubation should be
weighed against the risk of infection transmission.
In such scenarios, a tracheostomy rather than a trial
extubation should be considered, especially if the
patient has the history of intubation difficulty.* In
order to ensure a successful extubation, providers
should consider a prolonged spontaneous breathing
trial.

Routine checking of cuff leak prior to extubation
should be performed. Aerosolizing nebulizer
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Mohd Nazri Ali!, Nik Azman Nik Adib?
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INTRODUCTION

Dengue fever is a mosquito-borne viral infectious
disease that is transmitted by female mosquitoes
mainly of the species Aedes aegypti and, to a lesser
extent, Aedes albopictus. Mosquito bites therefore
contribute significantly to the morbidity and
mortality related to dengue infection. Worldwide,
the incidence of dengue infection has grown
dramatically, with yearly infections now estimated
at 100 to 400 million.!” The American region alone
has reported 3.1 million cases, with more than
25,000 classified as severe dengue. High numbers
of cases have also been reported in Asian countries;?
Bangladesh (101,000), Malaysia (131,000), the
Philippines (420,000) and Vietnam (320,000).

The global increase in dengue incidence is also
evident in Malaysia, which has seen a continued and
significant increase since the year 2000. Most of the
dengue cases in Malaysia (70-80%) were reported in
urban areas, where factors such as high population
density, rapid ‘urbanisation’ and poor drainage
systems favour dengue transmission. However,
despite the increase in dengue cases over the years,
the overall case fatality rate has been reduced from
0.6% in 2000 to 0.2% in 2014 (the national target is less
than 0.2%).*> Nevertheless, the case fatality rate for
severe dengue remains significantly high, especially
in cases that progress to dengue with complications.

One of the known complications of dengue is
hemophagocytic lymphohistiocytosis (HLH), which
has a high reported mortality rate ranging between
14.6%°® and 30%%". A recent local study showed that
12% of patients with severe dengue had HLH and a
mortality rate of 43%.6 In this article, we will review
the current classification of dengue and its clinical
features, with particular attention to HLH, in terms
of its diagnosis and management.

10

DENGUE CLASSIFICATION

Dengue infection was previously classified based
on the 1997 World Health Organization (WHO)
Guidelines as Dengue Fever (DF), Dengue
Haemorrhagic Fever (DHF) and Dengue Shock
Syndrome (DSS). However, several limitations
of the earlier classification led to publication of a
revised WHO Classification in 2009 (Figure 1). The
revised guidelines now recommend a more practical
and clinical approach that addresses the severity of
the disease, rather than attempting to separate the
disease into distinct types.

DENGUE * WARNING SIGNS

SEVERE DENGUE

1. Severe plasma leakage
2. Severe haemorrhage
3. Severe organ impairment

with warning signs

 v{

CRITERIA FOR DENGUE * WARNING SIGNS CRITERIA FOR SEVERE DENGUE

Probable dengue Warning signs* Severe plasma leakage leading to:
- Live inftravel to dengue ~ + Abdominal pain or + Shock (DSS)
endemic/hotspot/ tendemess + Fluid accumulation with respiratory
outbreak area + Persistent vomiting distress
- Feverand 2 of the (>3 times per day)
following criteria: + Persistent diarrhoea Severe bleeding

+ Nausea, vomiting
+ Rash

+ Aches and pains
+ Leucopaenia

+ Any warning sign

(>3 times per day)

+ Clinical fluid accumulation

+ Mucosalbleed

+ Lethargy, confusion,
restlessness

+ Tender liver

+ Laboratory: increase in
HCT concurrent with
rapid decrease in platelet
count

As eveluated by clinician

Severe organ involvement
Liver: AST or ALT > 1000
CNS: Impaired consciousness

Laboratory-confirmed Heart and other organs

dengue
(important when no sign of
plasma leakage)

*(requiring strict observation &
medical intervention)

Adapted: World Health Organization. Dengue Guidelines for Diagnosis, Treatment,
Prevention and Control - New Edition 2009. WHO: Geneva; 2009

Figure 1: 2009 WHO Dengue Classification and Level
of Severity

CLINICAL FEATURES

A classical dengue infection will progress in three
phases: the febrile, critical and recovery phases.
During the febrile phase, dengue infection should



be suspected when a patient has a high-grade fever
that is accompanied by symptoms such as severe
headache, retro-orbital pain, generalised body ache,
nausea, and vomiting and petaechial rash. A patient
typically enters what is called the critical phase at
about three to seven days after onset of the illness; this
phase lasts about 24 to 48 hours. During this period,
the temperature usually drops (below 38°C/100°F),
the white cell count shows a decreasing trend and
thrombocytopaenia and evidence of plasma leakage
with haemoconcentration appears. During this critical
phase, severe dengue may develop and potentially
result in more serious complications, such as liver
failure, encephalopathy, carditis with cardiac failure
and acute kidney injury,” with significant morbidity
and mortality. In uncomplicated dengue cases, the
patient will enter recovery phase, usually 48 hours
after critical phase, when plasma leakage stops, the
white cell count and platelet level slowly normalise
and general well-being improves.

Dengue-Haemophagocytosis
Lymphohistiocytosis

Haemophagocytosis is a pathologic term indicating
inappropriate stimulation of macrophages, engulfing
(phagocytosis) erythrocytes, leukocytes, platelets,
and their precursor cells, simultaneously with the
production of high amounts of pro-inflammatory
cytokines,’ described as a cytokine storm. These are
important features in patients with Hemophagocytic
Syndrome or, more specifically, Haemophagocytic
Lymphohistiocytosis (HLH).

HLH occurs as two distinct types: familial (primary),
which is more common in the paediatric age group,
or acquired (secondary), which is more common in
the adult population.’® Familial HLH, as the name
implies, is an inherited form of the disease, whereas
acquired HLH occurs after immunologic activation®
in response to systemic infection, immunodeficiency
syndromes, malignancy or autoimmune diseases."
Nevertheless, both forms of HLH are characterised
by very similar haematopathologic findings.

Almost one-third of the cases of acquired HLH are
induced by infections by viruses such as Epstein

11

MALAYSIAN SOCIETY OF ANAESTHESIOLOGISTS

Barr virus, Dengue virus and possibly SARS-
CoV-2 (COVID-19 pathogen). Although the precise
mechanism remains unclear, a commonly accepted
postulation is that the virus infection stimulates an
abnormal immune reaction, resulting in an excessive
activation of CD4-helper cells, a proliferation of
macrophages and a large secretion of cytokines.

In dengue infection, HLH is an uncommon but
potentially fatal complication, with a high mortality
rate. It is characterised by hyper-inflammation,
uncontrolled proliferation of activated lymphocytes,
prolonged fever, pancytopaenia, jaundice and
organomegaly, such as hepatomegaly and/or
splenomegaly.

Dengue with HLH is frequently under-diagnosed,
which eventually leads to delayed initiation of
appropriate therapy and results in increased
morbidity and mortality. Failure to diagnose HLH
in dengue patients mainly occurs due to the lack of
specific diagnostic criteria and the similarity of other
complications common in dengue infection, such as
sepsis and multiorgan failure. The demonstration of
haemophagocytosis in bone marrow is diagnostic
but non-specific. However, the increased risk of
bleeding when performing bone marrow biopsy
limits its use in patients with dengue.

The pooled case fatality rate for dengue infection
associated with HLH is 14.6-30%. An early diagnosis
of HLH is critical since the mortality and morbidity
increase exponentially with a delay in diagnosis®
and hence treatment. Dengue with possible HLH
should be suspected if a patient remains febrile and
ill with cytopaenia, transaminitis and multiorgan
failure beyond the classical critical phase.

Although specific diagnostic tools are lacking, the
2004 diagnostic guidelines for HLH, as proposed
by the Histiocyte Society, are still widely used in
clinical practice. However, these guidelines are
poorly validated for acquired forms of HLH and for
HLH in the adult population, because the original
criteria were developed for the primary forms of
HLH and in the paediatric age group. A more recent
diagnostic tool, the H-Score, is a set of weighted
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criteria that allows a more effective estimation of
an individual’s risk of having HLH, especially in
the adult population. However, a performance
study (mixed primary and secondary HLH) showed

Table I: Diagnosing HLH

that the H-Score is more appropriate for children.
In adults, the H-Score performed better when
determined at presentation of the illness.'®

Parameter Adapted HLH-2004 Guidelines  H-Score

Fever (°C) 0 (<38.5) or 1 (>38.5) 0 (<38.4), 33 (38.4-39.4), or 49 (>39.4)

Splenomegaly 0 (no) or 1 (yes)

Organomegaly 0 (no), 23 (hepatomegaly or
splenomegaly), or 38 (hepatomegaly
and splenomegaly)

Cytopenia 0 (one lineage) or 1 (two or three 0 (one lineage), 24 (two lineages), or

lineages)" 34 (three lineages)*

Ferritin (ng/mL) 0 (<500) or 1 (>500) 0 (<2,000), 35 (2,000-6,000) or 50 (>6,000)

Triglycerides (mmol/L) 0(<3)orl(>3) 0 (<1.5), 44 (1.5-4), or 64 (>4)

Fibrinogen (g/L) 0 (>1.5) or 1 (<1.5)¢ 0 (>2.5) or 30 (2.5)

Hemophagocytosis in bone marrow 0 (no) or 1 (yes) 0 (no) or 35 (yes)

Aspartate aminotransferase (IU/L) 0 (<30) or 19 (>30)

Known underlying 0 (no) or 18 (yes)

immunosuppression

HLH-2004 Guidelines - Presence of molecular diagnosis consistent with HLH or >5 out of 8 criteria. H-Score -

>250 = Probability HLH 99%, <90 = Probability HLH <1%

All four serotypes of Dengue virus (DENV1-4) may
be associated with HLH, although more cases of
HLH were reported to be associated with DENV
1 and DENV 4 than with DENV 2 and DENV 3.8
Fever, splenomegaly, hepatomegaly, anaemia,
thrombocytopaenia, coagulopathy and serum
ferritin >500pg/L are common signs and symptoms
for dengue with HLH.3" Therefore, in cases of
severe dengue that are unresponsive to conventional
therapy, elevated ferritin levels should be sought for
early diagnosis of dengue with HLH." A raised level
of lactate dehydrogenase (LDH) will also increase
the possibility of the presence of severe dengue with
HLH."”

MANAGEMENT

The goal of therapy for management of the dengue
patient with HLH is to suppress life threatening
inflammatory processes using supportive and
specific measures.'*?
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Supportive Treatment

Ideally, the patient should be admitted to the
intensive care unit, as the patient will usually need
close organ monitoring and possibly early organ
support, especially cardiovascular and respiratory.
Fluid resuscitation is of wutmost importance,
especially when dealing with severe dengue that
is accompanied by significant plasma leakage.
Treatment with 0.9% saline is recommended
as the fluid of choice; alternatively, a balanced
crystalloid fluid, like sterofundin, can also be used
for resuscitation and maintenance fluid in severe
dengue with plasma leakage or HLH.® The use
of any of the colloids has no clear advantage over
crystalloids in terms of the overall outcome and
mortality. However, a colloid may be preferred as
the fluid of choice in patients with intractable shock
and whose haemodynamics remain unresponsive
after crystalloid administration. Prolonged use
of a colloid as the sole maintenance fluid should



be avoided. Hydroxyethyl starch (HES) solution
is contraindicated in dengue patients with severe
hepatic dysfunction, fluid overload (e.g. pulmonary
oedema and congestive cardiac failure) or renal
failure and in patients receiving dialysis.®> Albumin
is another choice of fluid that can be used during
resuscitation, especially if the patient has already
received a large amount of crystalloid. Albumin as
a resuscitation fluid in cases of DSS has not been
studied; however, based on its extensive use in
critically ill patients, 4-5% albumin is comparable
to crystalloid and may be better in the subgroup of
septic patients.

Dengue with HLH is also commonly associated
with severe hepatitis, although the pathogenesis
of liver involvement during dengue infection is
poorly understood. The potential mechanisms
of liver injury include direct effects of the virus,
immunological injury due to a dysregulated immune
response, ischemic injury due to hypotensive
episodes and a hepatotoxic effect of medications,
such as acetaminophen or herbal remedies.”* Data
are currently insufficient regarding the use of IV
N-acetylcysteine (NAC) for the treatment of acute
liver failure in dengue infection. However, if NAC is
used, the suggested regime is as follows:

* 100mg/kg/day as infusion for five days?
OR

¢ 150mg/kg infusion over 15-60 min, followed by
12.5mg/kg/h for 4 h and then 6.25mg/kg/h.?

Specific Treatment

Corticosteroids are potent immune modulators
and are used therapeutically for a broad spectrum
of diseases, including autoimmune, allergic
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CONCLUSION

HLH in dengue infection poses both diagnostic and
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the diagnosis of HLH should be considered.
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INTRODUCTION

Deep brain stimulation (DBS) surgery is one of the
modalities of treatment for patients with Parkinson
and movement disorders who fail medical therapy
and for those with chronic pain and psychiatric
disorders."* A DBS system has three implanted parts
i.e. the neurostimulator, the lead and the extension
wire. A neurostimulator is a device that creates
electric pulse to block the faulty nerve signal causing
tremor or abnormal movement whereas a lead is a
coated wire with its tip (electrode) embedded into
the specific targeted area of the brain.

The therapeutic targets for electrode placement
for movement disorders are the subthalamic
nucleus (STN), the globus pallidus interna (GPi),
and the ventralis intermedius nucleus (VIN) of the
thalamus. These structures are deep within the brain
and small in size; therefore, locating the treatment
area and improving placement accuracy require
the use of a stereotactic frame with a coordinated
system and intraoperative electrophysiological
guidance that uses microelectrode recording (MER)
and macrostimulation testing.*

Proper and optimal anaesthetic management is
prudent, whilst ensuring the patient’s comfort
and analgesia. The first stage of surgery involves
insertion of the electrodes into the specified area
of the brain, while the second stage includes
internalisation of the lead(s) and implantation of the
programmable impulse generator. Here, we discuss
issues pertaining to the DBS surgery, including the
preoperative assessment, brief of surgical process,
the intraoperative conduct, postoperative care and
safety issues in patient with implanted DBS.
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THE PREOPERATIVE ASSESSMENT

Since the patients subjected to DBS surgery are in
extreme ages, and approximately a quarter of them
are geriatrics (especially those with Parkinson
disease), a thorough preoperative assessment is
essential.® Inevitably, physiological changes occur
in association with aging, including reduction
of the functional reserve of the cardiorespiratory
system and deterioration of kidney function. An
elderly demonstrates an exaggerated response to
CNS depressants due to underlying age-related
declines in central nervous system (CNS) function
and increased sensitivity to benzodiazepines,
anaesthetic agents and opioids. Thus, identification
of any related issues and optimisation of the patient
comorbidities are required prior to DBS surgery.

A patient with long-standing Parkinson’s disease
may develop various complications as a result of
the disease progression and drug treatment. The
patient is at risk of developing obstructive lung
disease and has abnormal control and function of
the upper airway, which leads to pharyngeal muscle
dysfunction, coughing and obstructive sleep apnoea.
Autonomic dysfunction put the patient at risk for
cardiac arrhythmia, hypertension or orthostatic
hypotension. Uncoordinated muscle movement
may lead to dysphagia and a subsequent poor
nutritional status. Intraoperative difficulties should
be anticipated, since associated speech impairments
and confusion will interfere with patient cooperation
and comprehension to some extent and the presence
of resting tremor with associated rigidity will impede
positioning. The common side effects of Parkinson’s
medication are listed in Table I.
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Table I: Various drugs for Parkinson’s disease, its mechanism of action and associated adverse effect and drugs

interaction

Action Drugs

Adverse Effect / Drugs Interaction

Dopamine precursor with
metabolic inhibitor

Levodopa / carvidopa

Orthostatic hypotension, hypertension, hallucination,
nausea and vomiting

MAOI reduce levodopa and
dopamine degradation

Selegiline, rasagiline,
safinamide

Hypertension, orthostatic hypotension, potentiation of
L-dopa related side effect, abnormal glucose metabolism;
exaggerated response with pethidine

COMT inhibitors reduce
levodopa and dopamine
degradation

Entacapone, tolcapone

Potentiation of L-dopa related side effect, diarrhoea,
orange colour urine, hepatotoxicity

Dopamine receptor agonist | Pramipexole, ropinirole

Orthostatic hypotension, hallucination and psychosis,
impulse control disorders, peripheral oedema

Antimuscarinic Trihexyphenidyl,

benztropine

Dry mouth and eyes, constipation, hallucination,
confusion, thickening of saliva and secretion

Abbreviation: MAOI- Monoamine Oxidase Inhibitor, COMT- cathecol-o-metyl transferase, L-dopa- Levodopa

A patient with essential tremor may have associated
bradycardia or first degree heart block as an effect
of beta blocker administration. The dystonic
patient is at risk of haemodynamic instability and
laryngospasm. The epileptic patient has episodes
of recurrent seizures associated with growth and
developmental delays and can be on multiple anti-
seizure medications which alter drug interactions.

Preoperatively, careful attention and anticipation
to surgical related anaesthetic consideration are
prudent. The patient is placed in a semi-sitting
position with slightly flexed neck intraoperatively.
Thus, the anaesthetist needs to assess the underlying
neck rigidity and possibility of difficult airway in
preoperative assessment. The procedure can also be
lengthy and complicated needing careful judgment
of the appropriate sedative agents or mode of
anaesthesia intraoperatively. Some patients will
experience worsening symptoms due to cessation
of medication (e.g. drugs for treatment of motor
symptoms) to allow the neuro-physician to do clinical
testing. Careful patient selection for DBS surgery
is mandatory to ensure good outcome. Suitable
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candidates include those younger age patients
with advanced Parkinson's disease with excellent
levodopa (LD) response, non-LD-responsive
motor symptoms, absence or very mild cognitive
impairment and psychiatric symptoms. However,
Hanna et al. reported DBS surgery improved elderly
patient’s symptomatology and reduction of the
Levodopa after surgery.®> DBS surgery is generally
contraindicated in the patients with brain atrophy,
uncooperative, demented or those with multiple
comorbidities that preclude safe surgery.

Regarding premedication, the beta-blockers are best
avoided since they reduce or complicate intraoperative
tremor testing. By contrast, clonidine can be helpful,
as it is less likely to induce cognitive impairment.®
Benzodiazepines can cause over-sedation or the
production of a paradoxical agitation in this group
of patients; thus, sedative premedication is also best
avoided.® Droperidol must be avoided in patients
with Parkinson's disease and dystonia, given the
potential for exacerbation of the symptomatology.®
Antiemetics, like metoclopramide, block dopamine
receptors  which can cause undesirable



extrapyramidal side effects. Thus, ondansetron is a
better first-line choice, as is dexamethasone.”

BRIEF SURGICAL PROCESS

DBS surgery involves a two-stage operation
which is insertion of the microelectrodes with
a neurostimulator and installation of the pulse
generator. The microelectrode is connected to the
pulse generator with the extension wire which runs
from the scalp, behind the ear, down the neck, and
to the chest. The installation of the pulse generator
can be done in the same setting or scheduled for
subsequent operation approximately one to two
weeks after the first surgery. In our centre, both
stages are done in one operation. Nevertheless,
some centres prefer the second stage operation to
be done later since the presence of “microlesion”
due to oedema surrounding the electrodes will
improve the patient’s symptoms without any
stimulation.® Preferably, the first stage of operation
is done under awake craniotomy. The surgery starts
with placement of the stereotactic frame and the
patient will subsequently be subjected to the MRI
(magnetic resonance imaging) or CT (computerised
tomography) scanning for anatomical localization
and target coordinates for accurate location of
the electrodes. The electrode is inserted 10-15mm
above the target site and is advanced 0.5-lmm
along its trajectory toward the target nuclei while
spontaneous neuronal discharges are recorded.
The neurophysiologists use the variations in
spontaneous firing rates between specific nuclei
and movement-related changes. Macrostimulation
involves the clinical testing of the patient's motor
symptoms versus acceptable side effect thresholds.
As the second stage of the surgery does not involve
neuro assessment and clinical testing, the operation
is performed under general anaesthesia.

INTRAOPERATIVE CONDUCT
The Scalp Block

The area of the scalp can be anaesthetised with
infiltration of the local anaesthetic at the stereotactic
frame pin and burr hole site or by using the scalp
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block. However, most recent studies advocate
usage of the scalp block in conjunction with the
conscious sedation (CS)/monitored anaesthesia
care (MAC) especially when dealing with bilateral
DBS insertion.”™ The origin, innervation, surface
landmarks and possible complications of each
respective nerve are explained in Table II. An
additional short-acting local anaesthetic (lignocaine)
can be administered to the area of the scalp pin or
the stereotactic frame.

Anaesthetic Technique

Several anaesthesia choices are available for DBS
surgery. The operation can be performed either
by the asleep-awake-asleep (AAA) technique, a
monitored anaesthesia care (MAC) technique or
even general anaesthesia. The first two techniques
require supplementation with a scalp block or
LA infiltration. In the AAA technique, the airway
interventions should be performed before placement
of the rigid stereotactic frame in magnetic resonance
imaging (MRI) or computed tomography (CT) unit
since intubation is difficult due to the presence of
the stereotactic frame. The laryngoscopy view is
restricted, and positioning is suboptimal; therefore,
the airway should be secured with fiberoptic
intubation or a laryngeal mask airway (LMA) if
airway manipulation is done after placement of the
stereotactic frame. The LMA is easily inserted and
removed and better tolerated in lighter planes of
anaesthesia. However, the Parkinson’s patient has
increased risk of regurgitation and aspiration; hence,
careful judgement is required.

Monitored anaesthesia care (MAC) or conscious
sedation is an optimum and preferable anaesthesia
technique for DBS surgery.®'? This technique allows
the patient to be relatively awake while providing
comfort during clinical testing throughout the
intraoperative period. The Bispectral index (BIS)® or
cerebral state monitor (CSM) is used to monitor the
state of sedation and the end-tidal CO, is monitored
for respiration. All patients received oxygen via a
nasal cannula or a face mask, and the nasal airway,
LMA and endotracheal tube are reserved as rescue
airway devices.
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Table II: The nerve supply for the scalp for scalp block

Nerve Origin Innervation Surface Landmarks | Complication
Supraorbital Ophthalmic division | Forehead to Supraorbital fissure | Direct nerve
of trigeminal nerve | lambdoid injection, eyelid
and orbital injury,
mechanical ptosis™
Supratrochlear Ophthalmic division | Lower part of Medial corner of the
of trigeminal nerve | forehead orbit and lateral to
nasal apex
Zygomaticotemporal | Maxillary division of | Forehead and Midway between
trigeminal nerve temporal area supraorbital and
auriculotemporal
nerve
Auriculotemporal Mandibular division | Tragus, anterior 15mm ventral to Facial nerve injury,

of trigeminal nerve

portion of the ear,
posterior portion of
the temple

tragus of the ear
close to superficial
temporal artery

intraarterial injection,
intraarticular
injection

Greater occipital C1-C4 spinal nerve

Posterior part of the
scalp to vertex

Medial third
between the occipital
protuberance and
mastoid process
close to occipital

Intraarterial injection

artery
Lesser occipital C2 spinal nerve Lateral area of lateral third between
posterior scalp to the occipital

the ear

protuberance and
mastoid process close
to occipital artery

The patient is put on flexion at the lower cervical
spine and extension at the atlanto-occipital joint;
therefore, the position should be carefully assessed,
and support padding inserted to allow venous
drainage from the head and neck area and to ensure
comfort. The legs should be flexed and supported
under the knees to a sitting position. The use of
clear plastic drapes will avoid claustrophobia and
permit the anaesthesiologist to maintain verbal
and eye contact with the patient. All emergency
drugs and rescue antiepileptic drugs are prepared
beforehand. The most common drugs used in MAC
are dexmedetomidine, remifentanil and propofol
since they have fast onset and offset and do not
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interfere with intraoperative neuromonitoring. The
anaesthetic drug effects on microelectrode recording
and stimulation are explained in Table IIL

Initial sedation is employed with a loading
dose of dexmedetomidine of up to 1mg/kg/
min for 10 minutes. Sedation is maintained with
dexmedetomidine at an infusion rate of 0.2-0.7mg/
kg/h. A low dose of dexmedetomidine allows MER
whilst providing analgesia, ensuring haemodynamic
stability and preserving spontaneous breathing.'*1¢
A target control infusion (TCI) of remifentanil at
up to 1 to 2ng/mL is started to accommodate pain
during the scalp block. A TCI using a combination of
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Table III: The profile of anaesthetic agents towards MER*!%13

Anaesthetic Group (Drug) Advantages

Disadvantages

Benzodiazepines (midazolam) | Anxiolysis

Abolishes MER
Alters the threshold for stimulation
Induces dyskinesia

Fast onset and offset
Suitable for TCI
Predictable emergence

Phenol derivative (propofol)

Attenuation of MER

Pharmacokinetic in elderly with Parkinson’s
might differ

May induce dyskinesia

NMDA receptor antagonist

Amplification of MER amplitude

Thalamocortical dissociation (hallucination,

(ketamine) Analgesic properties dissociative anaesthesia)
Difficult titration
Delayed awakening/recovery
Opioid (remifentanil) Short acting Suppression of tremors
Suitable for TCI Can induce hyperalgesia on prolonged infusion
Alpha-2-agonist Less effect on MER High doses can abolish MER
(dexmedetomidine) Anxiolytic and analgesic effect Hypotension, bradycardia in elderly patient

Arousable sedation
Does not ameliorate
parkinsonism sign
Preserves respiration

Stable haemodynamic profile

propofol and remifentanil allows fast and titratable
sedation and smooth emergence, with a median
wake-up time of nine minutes after cessation of
infusion."” In our practice, TCI propofol is only used
as a rescue sedation with incremental titration of
0.1 to Imcg/ml to achieve targeted BIS and Ramsay
Alertness and Sedation Score (RASS). Propofol has
synergistic effect in combination with remifentanil
and a dose of more than 2mcg/ml will induce
unconsciousness and apnoea.’'®

The goal of sedation includes maintaining a BIS
value of 65-85 and RASS of 3 before performing
neuro assessment.”"” All sedation is discontinued at
least 15 minutes before the microelectrode recordings
(MERs) and macrostimulation. Time to awakening is
identified with the help of the BIS and the assessment
of sedation. The BIS is targeted to be more than 90
before MER and macrostimulation. Subsequently,
the sedation can be restarted upon closing the dura
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after electrode insertion. The TCI of remifentanil and
propofol can be increased to 3 to 7ng/mL and 3 to
5ug/mL, respectively, to allow LMA insertion for
the second stage of the operation (i.e. implantation
of the programmable impulse generator). An awake
craniotomy for DBS microelectrode placement
provides a tolerable and successful procedure with
shorter intensive care time and hospitalisation as
compared to other techniques.”

The general anaesthesia technique is the least
preferable and is typically reserved for specific
groups of uncooperative and over-anxious patients
(i.e. paediatrics), for those with severe dystonia or
choreoathetosis or for patients with uncontrolled
independent movements due to termination of
drugs. Intraoperative mapping, micro recording
and stimulation testing can be problematic and
cause a sparse, disorganised and unreliable firing
pattern under general anaesthesia.?® However, Lin
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found that desflurane anaesthesia allowed adequate
MERs for successful DBS insertion.”? Ketamine
causes an exaggeration of neuronal firing and
neuromonitoring, but its use with remifentanil for
induction and maintenance for DBS for Parkinson
under general anaesthesia makes MER guidance
both possible and reliable.® DBS insertion under
general anaesthesia is possible with careful
titration of anaesthetics and with the use of limited
electrophysiologic mapping.

Intraoperative Complication of DBS Surgery

DBS surgery is associated with several important
and detrimental potential complications that must
be identified and managed properly.® Intraoperative
seizure results from surgery conducted close to
the eloquent structures or with direct electrical
stimulation. A seizure episode is brief as a result of
direct electrical stimulation and can be managed with
cold saline and avoiding immediate restimulation
after seizure. Sarang et al. found that in comparison
to other opioid, remifentanil reduced incidence
of seizure exaggerated by neuroleptic analgesia.*
Antiepileptics, (IV Diazepam 5mg) and airway
intervention with LMA is preserved in patient with
persistent seizure.

The intraoperative hypoxia and desaturation are
contributed by disease progression leading to
deficient lung function and pharyngeal activity,
obstructive sleep apnoea or worsening vital capacity
or as a sequel of airway obstruction due to over-
sedation. Placement of stereotactic frame and
patient’s positioning makes intubation and optimal
airway management difficult. The drugs used to
provide sedation should always be easily titratable
and fast in onset as well as offset. These criteria make
remifentanil, propofol and dexmedetomidine as
among the best choices in current practice. As airway
obstruction happened, the infusion of the drugs is
immediately terminated, and assisted breathing
is performed at best to maintain satisfactory
oxygenation and ventilation. Thus, in emergency,
securing the airway with LMA is the best option.’
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Venous air embolism (VAE) would also be another
cause for desaturation and possible since the surgery
is done in a semi-sitting position. In spontaneously
breathing patient with sitting position, the pressure
gradient between the surgical site and the right
atrium will be increased. Air suctioning into
the vessel would be exaggerated if the patient’s
intravascular volume is also depleted favouring
VAE. Incidence of VAE is approximately at 4.2%
and the earliest sign in awake patient would be
sudden intractable cough.® Usage of intraoperative
precordial doppler increases sensitivity of detection
venous air embolism.”

Intraoperative hypertension or hypotension due
to autonomic dysfunction or vasovagal responses
should be carefully controlled with intravenous
agents. In a case of intraoperative hypertension,
a beta-blocker, labetalol or esmolol is commonly
used.” We prefers usage of short acting beta-
blocker with caution if the tremor assessment is
not required. In our centre, we also used a bolus
dose of short acting calcium channel blocker i.e.
IV nicardipine 2mg for hypertension. However, it
is crucial to determine the causes of hypertension
and possibility of anxiety and pain should always
be excluded. Philip et al. found that administration
of the scalp block provides better haemodynamic
profile than local infiltration during intraoperative
period.”

Khatib et al. reported 2.8% incidence of intracranial
haemorrhage in DBS surgery® Identifiable risk
factors associated with increased risk of intracerebral
haemorrhage includes advanced patient’s age,
hypertension, number of microelectrode insertion
and its location. GPi site has the highest incidence of
bleeding whereas VIM site has the lowest. Although
the risk is relatively low, delayed intracranial
bleeding can occur as a result of degenerative
vasculopathy, venous infarct or cerebral oedema.”
The other associated complications of DBS surgery
include pneumocephalus and neurological deficit.



Postoperative Care

In the recovery bay, the patient’s vital signs are
continuously monitored, with a target blood
pressure (BP) and heart rate (HR) of 20% of
the baseline value, satisfactory ventilation and
oxygenation of SPO2 >92%. Patient neurology is
reassessed postoperatively. Hypothermia is tackled
with warming devices and the adequacy of fluid
balance and urine output is monitored. Analgesia is
started with an aim of a visual analogue score (VAS)
of <3 with multimodal analgesia. The patient can be
discharged from the recovery ward once the Aldrete
score is more than 8. Further close observation is
done in neurocritical care. Multimodal analgesia
is provided in the postoperative period. Elderly
patients are sensitive to opioids, so patient-controlled
analgesia (PCA) with morphine or fentanyl, without
background infusion, is an alternative way to avoid
unnecessary opioid administration. Since the
surgical access through a burr hole is quite small, and
the patient is supplemented with long acting local
anaesthetics via a scalp block, the moderate analgesia
with IV acetaminophen would be adequate. A meta-
analysis by Bala et al. found that no opioid was
required in the patient who underwent craniotomy
and was given scalp block intraoperatively? IV
diclofenac or other non-steroidal anti-inflammatory
drugs (NSAIDS) should be used with precaution of
risk of intracranial bleeding. The CT scan is repeated
post operatively to appreciate any evidence of
intracerebral bleeding and pneumocephalus.

SAFETY ISSUES IN PATIENT WITH IMPLANTABLE
DBS

No modifications are required for routine general or
regional anaesthesia in the patient with implanted
DBS.# However, drugs with extra-pyramidal side
effects are best avoided. The peripheral nerve
stimulators can still be used for neuromuscular
block assessment and for peripheral nerve blocks.*
MRI systems generate powerful electromagnetic
fields that can produce interactions with the
implanted components of the DBS and can therefore
be potentially hazardous. The MRI can induce
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heating of the leads and cause movement of the
neurostimulator, thereby leading to dysfunction or
unintended stimulation.* Golestanirad etal. reported
that radiofrequency (RF) induced heating, which is
measured through specific absorption rate (SAR) at
the tip of DBS electrode, is significantly higher in
both 1.5T and 3T MRL* Rezai et al. recommended
usage of 1.5T MRI system with limitation of SAR to
0.4W/kg.3* Although the new-generation electrodes
are found to be relatively ‘MRI safe’, further studies
are needed to determine whether more restriction
should be applied. Tagliati et al. reported that out of
3481 patients with DBS implant who underwent MRI
imaging, only one patient had implantable pulse
generator failure.® Surgical diathermy can damage
the DBS leads, causing temporary suppression
of the neurostimulator. Reprogramming of the
neurostimulator might be required postoperatively.
Bipolar diathermy is preferable, but if unipolar
diathermy is necessary, a lower voltage mode and
installation of the ground plate as far as possible
from the neurostimulator prevents malfunction of
the neurostimulator.

CONCLUSION

Thorough preoperative assessment and counselling
are important to determine the precautions and
performance of anaesthesia during DBS surgery
to ensure patient comfort and safety. Monitored
anaesthesia care (MAC) with local anaesthetic/
scalp block infiltration is most suitable for
microelectrode recording and macrostimulation
for determining the precise location for electrode
placement. Understanding the pharmacology of
anaesthetic drugs is prudent to ensure smoothness
of the procedure. Finally, the teamwork, cooperation
and constant communication between the patient,
neurosurgeon, anaesthetist, neurologist and
neurophysiologist are essential for a successful DBS
surgery.
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INTRODUCTION

The choice of drugs and techniques for providing
anaesthesia in the modern era is influenced by
several factors, including the development of new
surgical procedures, the prevalence of day surgery
cases, and, more importantly, the demand to deliver
high quality anaesthesia for every patient. Advanced
monitoring of anaesthetic drug effectiveness is
required to optimise the quality and delivery of
anaesthetic drugs, to improve patient outcomes, and
to reduce costs.

In providing a good anaesthesia, there must be a
balance between the amount of anaesthetic drugs
given and the state of arousal of the patient. However,
in real life, this balance is commonly disturbed
because of the varied intensity of surgical stimulation
and the haemodynamic effects of anaesthetic drugs
on patients. Ultimately, it is common for every
anaesthetist to face this clinical imbalance between
anaesthetic requirements of patients and anaesthetic
drug administration. Therefore, in our modern era
of anaesthesia, a reliable depth of anaesthesia (DoA)
monitor is keenly sought. Monitoring the DoA should
accomplish certain goals; it should show changes
in the level of anaesthesia resulting from changes
in the concentration of anaesthetics in the blood,
yield similar results even when different anaesthetic
agents are used, show changes corresponding to
surgical stimulation, and indicate awareness with no
more than a short delay. The use of monitors should
also reduce drug consumption, prevent anaesthesia-
related complications, enable faster recovery, and
reduce intraoperative awareness.! It must also be
cost-effective.

DEPTH OF ANAESTHESIA:
CONCEPTS

FACTS AND

Awareness comprises both explicit awareness and
implicit awareness. Explicit awareness refers to the
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conscious recollection of events, either spontaneously
or because of direct questioning. Implicit awareness
involves implicit memories which exist without
conscious recall but can alter patients” behaviours
after an event. However, consciousness always refers
to explicit awareness. The key anatomical structures
of the central nervous system that contribute to
awareness and consciousness are the brain stem,
the pons, the thalamus (thalamic nuclei) and the
brain cortex along with their connecting neural
pathways.? Although there are many factors that can
contribute to awareness under anaesthesia, they can
be categorised broadly as follows:?

® Problems with patient dose requirement
variability, in which there is an unexpected
patient-specific variability in dose requirements
of an anaesthetic agent, which may result from
an altered expression, the function of target
receptors in the brain, or incorrect calculation of
anaesthetic agents doses in an obese patient.

Problems tolerating the side effects of anaesthetic
agents, in which patients may be unable to
tolerate a calculated dose of an anaesthetic agent
because of low and limited physiological
reserves related to poor cardiac function, severe
hypovolemia, or extreme age (particularly in
elderly patients with multiple comorbidities).

Problems detecting the clinical signs of
awareness or light anaesthesia, in which the
physiological characteristics that would indicate
the need for a dose change of an anaesthetic
agent may be masked by factors such as the use
of p-adrenergic blocker medications or the
presence of cardiac pacemaker.

Problems with equipment and drug delivery
mechanisms, in which the intended drug
delivery systems may be compromised by events
such as equipment malfunction or misuse.



The reason some patients require a higher dose of
anaesthetic agents than others remains unknown,
and it may be multifactorial. In preclinical studies
involving mice, Cheng et al. revealed that a genetic
deficiency in one type of receptor for inhibitory
neurotransmitter y-aminobutyric acid (receptors
that contain the o5 subunit) conferred resistance to
the memory-blocking properties of the anaesthetic
etomidate.* Other preclinical studies have shown
that the expression of this memory-blocking
receptor changes after long-term exposure to alcohol
or persistent seizures. Concurrent medications
may also adversely affect the metabolism and
distribution of anaesthetic agents. Lastly, human
studies have shown that the immobilising dose of
anaesthetic agents may vary by as much as 24% in
populations with different genetic backgrounds.’
Thus, pharmacogenetics may be one of the factors
contributing to intraoperative awareness.

Exactly how these components of memory function,
loss of consciousness, pain perception, and sensory
and autonomic blockade work together and
determine the overall level of anaesthesia, however,
is still not understood in detail.® The literature
commonly defines DoA as the degree to which the
central nervous system is depressed by general
anaesthetic agents, depending on the potency of
the anaesthetic agents and the concentration or
dosage that is administered. One reason for DoA
monitoring in general anaesthesia is to detect and
warn doctors that a patient’s state is not suitable for
surgery” However, in discussing the concept of DoA
monitoring, there are several facts that we need to
consider thoroughly. First, most of the responses
suppressed by anaesthetic agents are not central
nervous system responses; instead, they are responses
from the peripheral nervous system. Moreover, the
responses generated by drug concentrations across
therapeutic ranges show considerable variation
in terms of the drug concentration that constitutes
an adequate anaesthesia for a particular stimulus.
DoA is often referred to as the probability of non-
response to a stimulus. However, this often leads to
the question of which response and what stimulus.
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There is no general hypothesis for the mechanism
of anaesthesia. Furthermore, there is little consensus
about which physiological features constitute
anaesthesia. In 1957, Woodbridge offered four
components of general anaesthesia: sensory
blockade, motor blockade, reflex blockade of
autonomic reflexes, and loss of consciousness.
In 1974, Eger described two components of
anaesthesia: amnesia and immobility. However,
in 1987, Prys-Roberts reduced anaesthesia to one
component: suppression of conscious perception
of noxious stimuli in which the patient neither
perceives nor recalls noxious stimuli because of
drug-induced unconsciousness. In 2002, Heinke
described three components in defining anaesthesia:
unconsciousness, amnesia, and immobility. In the
latest (2007) definition, Orser defined anaesthesia
as including sedation, unconsciousness, immobility,
amnesia, and other components.® As argued by Dr
Richard Landers from the University of Southern
Queensland, when combining all these components
in defining anaesthesia, there is a considerable
challenge in measuring DoA.¢

THE ‘DEPTH OF ANAESTHESIA’ CONCEPT

As stated by the UK National Institute for Health
and Care Excellence, ‘depth’ is metaphorically apt
but quantitatively hollow, as ‘depth of anaesthesia’
monitors do not measure ‘depth’ or consciousness;
instead, they measure dose-related changes in
electroencephalogram (EEG) parameters derived
from proprietary algorithms that can be used
to estimate the probability of unconsciousness.
We still lack a universally accepted definition of
‘consciousness’. Sadly, the DoA concept still has
not been proven, and we are still unable to measure
consciousness. Therefore, there is no conventional
comparator technology that we can use in assessing
the DoA during routine clinical use. Furthermore,
current DoA monitors express their output as a
number in a range from zero to 100. This does not
align with the anaesthetists” understanding. This is
because, in the modern practice of anaesthesia, the
term ‘depth of anaesthesia” and the definitions of
stages are irrelevant. Anaesthesia is not about ‘deep’
or ‘light’; it is mainly either adequate or inadequate.?
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DOA MONITORING: HOW DOES IT WORK?

Many of the currently available brain function
monitoring devices predominantly draw on EEG
measurements to provide a clinically meaningful
output. The differences between all these monitoring
devices usually lie in the particular EEG data selected
and how the data are ‘cleaned up’ and analysed.’
Basically, the index of DoA monitors is the weighted
sum of three sub-parameters: relative beta ratio,
which is most influential during light anaesthesia;
SynchFastSlow, which predominates during surgical
levels of hypnosis; and burst suppression, which
detects very deep anaesthesia.'

However, none of these disparate parameters
can be used alone, as each has a specific range of
influence where it performs best. These monitors
use a proprietary algorithm that allows the three
descriptors to sequentially dominate as the EEG’s
characteristics change with increasing anaesthetic
concentration. Finally, it transforms the nonlinear
stages of the anaesthetic drugs’ relative effects on
the EEG into an easy-to-use, dimensionless number
ranging from 100 (fully awake) to zero (isoelectric
EEG).!? These easy-to-use, dimensionless numbers
do not truly reflect changes in an anaesthetic
concentration, as these indices also reflect other,
unrelated conditions that exert their own EEG effects.
Such indices are basically EEG-derived parameters;
therefore, anything that would change an EEG
would change the interpretation of data from these
brain function monitors. For example, hypothermia,
hypoglycaemia, hypovolemia, hypotension, hepatic
encephalopathy, or physiological sleep can change
the indices to the same extent."

As mentioned by N. H. Green in the correspondence
section of the British Journal of Anaesthesia, there
is no gold standard for identifying awareness,
despite the fact that the clinical feasibility of DoA
monitors has been established by identifying EEG
changes in response to anaesthetic agents and
clinical state alterations. As discussed above, the
main limitation of DoA monitoring is that various
physiological factors influence EEG monitoring.
These physiological factors, including age, race,

26

gender, low body temperature, acid base imbalance,
low blood glucose, and cerebral ischaemia, have a
significant influence on EEG monitoring. Adding
to this, the limitations of various proprietary
algorithms have been recognised as reflecting a
probability function of the clinical state rather than
the actual physiological parameters.

DOA MONITORING: CURRENT ISSUES AND
CONTROVERSY

Neuromuscular Block May Mimic Deep
Anaesthesia Index Values, Even in Awake
Subjects

Awake paralysis is one of the main factors for
distress during awareness. Therefore, the detection
of consciousness seems particularly important when
neuromuscular blocking drugs are administered.
Current EEG-based monitors analyse the EEG
spectrum in a range where cortex activity and EMG
activity overlap. However, it is unclear to what
extent the index is based on analysis of brain activity,
to what extent EMG parameters may contribute
to an anaesthetic index, and, more importantly,
whether a proprietary index may subsequently
be influenced by neuromuscular block. The
disadvantage of the inclusion of muscle activity is
the potential dependence of an index on muscle
activity to calculate an index value that indicates
consciousness. Neuromuscular block may decrease
EMG activity, and this decrease may lead to a
misinterpretation of neuromuscular block as (deep)
anaesthesia. A study done by Schneider et al. on
awake paralysis in consenting volunteers suggested
that it may be useful to use an EEG-based monitor
but that its usefulness under neuromuscular blocks
is probably limited."

Diagnostic Performance

DoA monitors have not been evaluated like other
diagnostic tools used in clinical practice, especially
in terms of sensitivity and specificity. This is
mainly because of the unavailability of an agreed-
upon reference test for consciousness.”* Moreover,
calibration of DoA monitors is performed either
against a set of surrogate parameters, such as loss of



response to verbal command or loss of eyelash reflex,
or by correlating the output against that of other DoA
monitors." The fact is that DoA monitoring is not a
test in isolation. Outcomes from anaesthesia depend
not only on what a monitor shows, but also on a
complex intervention that involves an anaesthetist’s
response to a monitor and to other clinical signs,
modulated by their judgement of the likelihood of
awareness or overdose.” This is an anaesthetist’s
key professional skill, and it is extremely difficult to
mimic this through automation.'s

Small Clinical Trial Versus Large Clinical Trial

Theoretically, using EEG signals to monitor DoA
should reduce the incidence of intraoperative
awareness, lead to a reduction in drug consumption,
prevent anaesthesia-related adverse events, and
enable fast recovery from anaesthesia. These
benefits have been associated and proven with DoA
monitoring in small clinical trials. However, large
clinical studies of EEG-based monitoring DoA have
failed to confirm the results of these smaller studies.!”
Reduction in Drug Consumption and
Postoperative Adverse Events

Cochrane’s review involving 31 randomised studies
concluded that bispectral index (BIS) monitoring
was not associated with an overall reduction in the
amount of propofol or volatile anaesthetic agent
used.’” Avidan et al. also could not confirm that BIS
monitoring was more likely to lead to a reduction
in the administration of volatile anaesthesia
during general anaesthesia compared to end-tidal
anaesthetic-agent concentration (ETAC)."”

An important finding by Mashour et al. related to
intraoperative awareness in an unselected surgical
population was that there was no difference between
the BIS group and an ETAC group with regard to the
postoperative incidence of nausea and vomiting or
discharge time from the recovery room.?

27

MALAYSIAN SOCIETY OF ANAESTHESIOLOGISTS

EEG-Based Monitoring to Prevent
Intraoperative Awareness During General
Anaesthesia

Avidan et al. (2008) were unable to confirm the
ability of BIS monitoring to prevent awareness
during general anaesthesia in patients with a
higher risk of awareness under anaesthesia.? In this
study, 2,000 patients were assigned to BIS-guided
anaesthesia (BIS value in the range of 40-60) or to
ETAC (minimum alveolar concentration within the
range of 0.7-1.3). Two cases of definite awareness
occurred in each group (absolute difference of 0%).
The investigators concluded that these results did
not support the routine use of BIS monitoring as part
of standard anaesthesia practice.

In a similar multicentre randomised study
involving 6,041 patients at high risk of awareness,
seven patients in the BIS group had definite
intraoperative awareness, whereas two patients
from the ETAC group had definite intraoperative
awareness.” Possible awareness was ascribed to
19 patients in the BIS group and eight patients in
the ETAC group. The total definite and possible
awareness rate was 0.47%. The investigators
concluded that BIS-guided anaesthesia was not
superior to ETAC-guided anaesthesia with respect
to awareness under anaesthesia. Interestingly, 41%
of cases of awareness in this study occurred when
ETAC and BIS were within the study protocol’s
target ranges; therefore, intraoperative awareness
was not preventable with either monitoring method.

All studies of DoA monitoring thus far have been
underpowered. This is because if the incidence
of awareness is 0.01% and DoA monitoring (BIS
monitoring) was able to produce a 50% reduction
in the incidence of awareness, such a study would
require almost 41,000 patients to be included in a
prospective randomised trial.”” Moreover, in 2012,
Langsjo et al. revealed that not only cortical brain
structures but also deep subcortical structures are
involved in human consciousness and arousal.?
This may explain why DoA monitoring in general,
based as it is on cortex EEG signals, fails in the
prevention of awareness during anaesthesia.
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Depth of Anaesthesia and Post-Operative
Cognitive Dysfunction

Based on the current literature, there is insufficient
evidence to correlate DoA or type of anaesthesia and
the incidence of postoperative cognitive dysfunction
(POCD).® Specific to the effect of depth of
anaesthesia on cognitive impairment, a recent meta-
analysis comparing cognitive outcomes in patients
receiving low versus high DoA as measured by BIS
monitoring concluded that the depth of anaesthesia
did not significantly impact the risk of POCD.** Hou
et al. revealed that when other factors, including
the type of analgesic given, were carefully controlled,
cognitive performance on postoperative Day 1 was
significantly lower in a group with a target BIS of
40-50 when compared with a group with a target
BIS of 55-65.2 However, there was no difference in
cognitive performance measured on postoperative
Day 3 or 7. The authors raised the question of
whether a lower BIS has any meaningful clinical or
economic significance.

Currently, studies of the validity of BIS and other
EEG-based DoA monitoring do not take age or the
presence of any underlying cognitive dysfunction
into account, and therefore may not serve as a
reliable surrogate of DoA monitoring in elderly or
those with cognitive dysfunction including patients
with stroke, dementia or delirium.® Therefore, we are
hoping that additional studies will seek to validate
DoA monitoring in the elderly and those with
cognitive dysfunction population and investigate
further whether DoA impacts the risk for cognitive
impairment among these patients.?

DoA Monitoring: Where Are We?

It is generally accepted that the main responsibility
of the anaesthesia professional is to keep the patient
safe. However, resources, liability concerns, patient
needs, and clinical scenarios play a major role in
determining the monitoring needs for any given
patient. The World Health Organization and the
World Federation of Societies of Anaesthesiologists
have used a tiered approach in defining the ‘core
standards’ for monitoring that should be used
whenever a patient is anaesthetised. A ‘highly
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recommended’ standard is considered mandatory;
if the standard is not met, providing the anaesthesia
is unsafe and unacceptable, particularly in terms of
those parameters that describe the cardiopulmonary
system. ‘Recommended” and ‘suggested” standards
should be practised ‘when resources allow and if
appropriate for the health care being provided’ (e.g.
physiological parameters related to the anaesthetic
state, such as immobility or unconsciousness).”

Although patient safety is a universal goal in
providing anaesthesia, for a certain reason, the
recommendation for it is not universal. For instance,
for the developing world, professional organisations
are sensitive to resource limitations and are reluctant
to impose requirements that are difficult to comply
with. However, in the more-developed world, the
differences in recommendations are more difficult to
understand because the resource constraints are not
as significant.”®

CONCLUSION

As discussed above, there is some ambiguity about
the role of DoA monitoring in detecting awareness
under anaesthesia. Despite the challenges we have
discussed, including the results of several studies
and the existing literature as a whole, we believe
that levels of hypnosis during general anaesthesia,
including total intravenous anaesthesia, should be
monitored by an EEG-based monitoring system,
especially in patients at high risk of awareness and
adverse outcomes.” More importantly, EEG-based
monitoring of DoA has introduced into our daily
clinical practice a way to monitor the effects of
general anaesthesia on the main target organ - the
brain.

The application of an anaesthesia index will prove
beneficial despite its limitations. However, if such
an index is used, it is essential to know not only
its advantages but also its limitations, and it is
important to avoid misinterpretation of the index
values.” Finally, we believe that all monitoring is an
evolving process. If we are able to prevent harm to
a few of our patients with ‘primitive” instruments
while the industry continues to enhance instrument
capability, we are better off than not helping anyone.’
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Table I: Comparing different monitoring standards of different organisations. (APSF Newsletter, October 2019).

Guidelines on monitoring in anaesthesia (Hong Kong
College of Anaesthesiologists)

‘Equipment to monitor the anaesthetic effect on the brain
should be applied, especially for patients at high risk of
awareness, for example, those receiving total intravenous
anaesthesia with a muscle relaxant’.

Code of ethics, standards of practice, monitoring,
and education International Federation of Nurse
Anaesthetists)

‘Application of an electronic device intended to measure
cerebral function, particularly in cases with high risk

of awareness under general anaesthesia should be
“considered””’.

International standards for a safe practice of anaesthesia
(World Health Organization and World Federation of
Societies of Anaesthesiologists)

‘Use. . . while not universally recommended or used,
is suggested, particularly in cases at risk of awareness
under general anaesthesia or postoperative delirium’.

Recommendations for standards of monitoring during
anaesthesia and recovery (Association of Anaesthetists of
Great Britain and Ireland)

‘Use of depth of anaesthesia monitors, for example
processed EEG monitoring. . . when patients are
anaesthetised with total intravenous techniques and
neuromuscular blocking drugs, to reduce the risk of
accidental awareness during general anaesthesia’.
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INTRODUCTION

As the burden of obesity-related diseases has become
increasingly apparent in recent times, there has also
been a corresponding increase in the demand for
surgical treatment of obesity i.e. bariatric surgery.!
This has prompted Universiti Sains Malaysia (USM)
Health Campus under the initiative of the surgical
department to embark on the journey of setting
up a bariatric surgery centre that implements the
principles of Enhanced Recovery After Surgery
(ERAS®). In brief, ERAS® is a clinical pathway
that incorporates several perioperative evidence-
based interventions with the aim of maintaining
physiological function, enhancing mobilisation,
effecting pain control and facilitating early post-
operative oral nutrition.? In this article, we will
be highlighting the processes, challenges and
lessons learned from our three years of anaesthesia
experience in setting up and running an ERAS®-
based bariatric surgery centre in the USM Hospital,
Kelantan, Malaysia.

OUR HISTORY

Our ERAS®-based bariatric surgery centre is
first established in late 2015. A dedicated multi-
disciplinary team is set up to facilitate the
implementation and adherence of Enhanced
Recovery After Bariatric Surgery (ERABS) protocol.
The team is composed of surgeons, nurses,
anaesthesiologists, endocrinologists, patient
coordinators, dietitians and psychologists.

The team first on-site study visit was to Taiwan
in March 2016, followed by another visit in June
2016. Both visits were to observe and learn from
Dr Chih-Kun Huang, a world-renowned bariatric
surgeon, who is also the President of Taiwan Obesity
Support Association and the founding Chairman of
International Excellence Federation for Bariatric &
Metabolic Surgery.
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Our very first bariatric surgery, a sleeve gastrectomy,
was successfully performed on 15" October 2016.
The total number of bariatric surgeries performed
since then until February 2020 was 61 cases: 40 cases
of sleeve gastrectomy, 13 cases of Roux-en-Y gastric
bypass, six cases of sleeve-gastrectomy-Roux-en-Y
configuration and two cases of mini gastric bypass.
Cases were scheduled on a specified list every
few months, in a dedicated operation room with
dedicated scrub nurses.

The mean age of our patients was 41.67 years, with
mean body mass index (BMI) of 50.53kg/m? and
male to female ratio of 1:3.8. Percentage of obesity
based on WHO classification was: 1.64% class I (BMI
30 to <35kg/m?), 11.48% class II (BMI 35 to <40kg/
m?) and 86.89% class III (BMI 40kg/m?). Within
class III obesity, 30 patients were morbidly obese,
11 patients were super morbidly obese (BMI 50kg/
m?) and the remaining 11 patients were categorised
as super super morbidly obese (BMI 60kg/m?).
Slightly over 90% of the patients had diabetes
mellitus (DM) and 70% had hypertension while none
were with active cardiac disease. Of note, 90% of the
patients had STOP-BANG score of three or more,
out of which 60% had a score of >5, putting them
at high risk for obstructive sleep apnoea (OSA). All
the patients with high risk of OSA underwent sleep
study prior to the operation. Three patients were
diagnosed with OSA requiring continuous positive
airway pressure therapy pre-operatively.

IMPLEMENTATION OF ERABS PROTOCOL

The main objective of the ERABS protocol is an
efficient, safe, and evidence-based bariatric care
which can be achieved by standardisation of a
specific protocol. It is essentially a multi-modal and
multi-disciplinary approach in which the workload
is distributed amongst different members of a
fixed-care team which consists of dedicated multi-
disciplinary members. The flow of ERABS protocol
implemented in Hospital USM is shown in Figure 1.
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Figure 1: Flow of Enhanced Recovery after Bariatric
Surgery (ERABS) Protocol in Hospital USM
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Pre-Operative Strategy for ERABS

Comorbidities including DM, hypertension and
hyperlipidaemia if present, were optimised prior

to the planned bariatric surgery. During the pre-
anaesthetic visit, patients were counselled regarding
the processes involved in anaesthesia, particularly
with regards to the importance of deep breathing
exercise and semi-sitting position for reducing the
risk of lung collapse and thus hypoxaemia post-
operatively. They were encouraged to take high
carbohydrate drink the night before surgery, move
about in the ward and were given subcutaneous
heparin as venous thromboprophylaxis. All patients
were put on a standard fasting guideline. Aspiration
prophylaxis consisting of metoclopramide 10mg IV
and ranitidine 50mg IV were given pre-operatively.
Sedative pre-medications were not routinely
prescribed. This pre-operative strategy for ERABS
was based on the ERAS® society evidenced-based
recommendation (Table I).?

Table I: ERAS® Recommendations for Preoperative Anaesthetic Management of Bariatric Surgery

Interventions | Recommendation Level of Evidence | Recommendation Grade
Preoperative Patients should receive preoperative Moderate Strong
information, counselling
education and
counselling
Smoking Cigarette smoking should be stopped at least 4 | High Strong
and alcohol weeks before surgery
cessation
Smoking Patients with history of alcohol abuse should | Low Strong
and alcohol strictly adhered to abstinence for at least 2
cessation years
Glucocorticoids | Dexamethasone 8mg IV 90 min prior to Low Strong
induction of anaesthesia for reduction of
PONV as well as inflammatory response
Preoperative Obese patients may have clear fluids up to Non-DM obese: Strong
fasting 2 hours and solids up to 6 hours prior to High
induction of anaesthesia
Further data are necessary in DM patients DM without ANP | Weak
with autonomic neuropathy due to potential | Moderate
risk of aspiration DM with ANP Weak
Low
Carbohydrate | Further data are required on metabolic and Low Strong
loading clinical benefits of carbohydrate loading in
morbidly obese patients. Further data are
needed on carbohydrate loading in patients
with gastro-oesophageal reflux who may be at
increased risk of aspiration during anaesthetic
induction

ANP, Autonomic neuropathy; DM, Diabetic mellitus. Adapted from: Thorell A, MacCormick AD, Awad S. Guidelines
for perioperative care in bariatric surgery: Enhanced Recovery After Surgery (ERAS) Society Recommendations. World
J Surg. 2016;40:2065-83
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Intra-Operative Strategy for ERABS and the Challenges

The intra-operative strategy for ERABS that we implemented is based on the ERAS® society evidenced-based
recommendation (Table II).3

Table II: ERAS® Recommendations for Intra-operative Anaesthetic Management of Bariatric Surgery

Interventions | Recommendation Level of Evidence | Recommendation Grade
Airway Anaesthetists should be aware of the specific | Moderate Strong
management difficulties in managing bariatric airway
Tracheal intubation remains the reference for | Moderate Strong
airway management
Standardised The current evidence does not allow Low Weak
anaesthetic recommendation of specific anaesthetic agents
protocol or techniques
Perioperative Excessive intraoperative fluids are not needed | Maintenance Maintenance regimens:
fluid to prevent rthabdomyolysis and maintain urine | vs liberal fluid Strong
management output. Functional parameters, such as stroke | regimens:
volume variation, facilitate goal-directed fluid | Moderate
therapy and avoid intraoperative hypotension
and excessive fluid administration. Reduce stress
Post-operative fluid infusions should be response: Moderate
discontinued as soon as practicable with
preference given to use of the enteral route Open surgery:
High
Laparoscopic
surgery: Moderate
Ventilation Lung protective ventilation should be adopted | Moderate Strong
strategies for elective bariatric surgery
Monitoring BIS monitoring of anaesthetic depth should High Strong
of anaesthetic be considered where end-tidal anaesthetic gas
depth monitoring is not employed
Ventilation Patient positioning in an anti-Trendelenburg, | Low Weak
strategies flexed hip, anti- or beach chair
positioning, particularly in the absence of
pheumoperitoneum improves pulmonary
mechanics and gas exchange
Neuromuscular | Deep neuromuscular block improves surgical | Low Weak
block performance
Ensuring full reversal of neuromuscular Moderate Strong
blockade improves patient recovery
Objective qualitative monitoring of Moderate Strong
neuromuscular blockade improves patient
recovery
PONV A multimodal approach to PONV prophylaxis | Low Strong

should be adopted in all patients

BIS, bi-spectral index; PONV, post-operative nausea vomiting. Adapted from: Thorell A, MacCormick AD,
Awad S. Guidelines for perioperative care in bariatric surgery: Enhanced Recovery After Surgery (ERAS) Society
Recommendations. World | Surg. 2016;40:2065-83
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Intra-Operative Monitoring

In the dedicated operation room for bariatric
surgery, a normal sized surgical table was able
to accommodate all patients except for two. The
two patients who had the highest BMI of 91.4kg/
m? and 90.8kg/m? required an additional surgical
table for appropriate fit. There was no specific
recommendation from ERABS guideline on the
intra-operative monitoring devices. Standard intra-
operative monitoring included electrocardiogram,
pulse oximetry, blood pressure (BP), temperature,
end-tidal carbon dioxide and peripheral nerve
monitoring. In the initial few cases, patients were
put on invasive monitoring with intra-arterial blood
pressure (IABP) with the intention to obtain a reliable
BP reading. However, as more cases were being
performed, we learned that most patients can be
reliably monitored with non-invasive BP measured
either on the upper arm or the wrist. IABP can be
reserved for patients with BMI of more than 50kg/
m? or those with a large upper-arm circumference.
None of the patients required central venous access
and all patients had at least one 18 G cannula
inserted peripherally.

Airway Management

All patients had Mallampati score of 1 or 2, with
short neck being the only risk factor for potential
difficult airway. Proper positioning by elevation of
the shoulder and neck with blankets and pillows
improved oxygenation and patient’s comfort level.
Standard Macintosh laryngoscopes of variable
sizes, McCoy blades and video laryngoscopes were
made available during the induction. All patients
were planned for tracheal intubation and controlled
ventilation intra-operatively. Pre-oxygenation in
sitting position is proven to significantly extend
the tolerance to apnoea in obese patients when
compared with the supine position. All patients
were induced with rapid sequence intubation (RSI)
either with suxamethonium or rocuronium i.e.
modified RSI. All intubations were uneventful, and
no episodes of hypoxaemia were recorded except for
one patient who developed severe bronchospasm
after tracheal intubation and had to be admitted to
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the surgical intensive care unit. She was extubated
well the next day and rescheduled for the operation
later which went uneventfully.

Monitoring of Anaesthetic Depth

As the objective of ERABS is faster recovery, we
used induction agents that were short acting such
as propofol and fentanyl. For maintenance of
anaesthesia, we have utilised either volatile agents
with desflurane or total intravenous anaesthesia
(TIVA) with propofol and remifentanil. Bl-spectral
Index (BIS) monitoring was limited in supply
and therefore was reserved for patients with BMI
of 45kg/m? or more. More specifically, the BIS
monitoring was given priority to patients receiving
TIVA where end-tidal anaesthetic gas monitoring
was not employable. When guided by BIS
monitoring, both propofol and volatile anaesthetic
agents were to maintain a BIS range of 40-60 with the
lowest plasma concentration and minimum alveolar
concentration, respectively. As per guideline, use of
BIS monitoring is recommended in obese patients
as titration of plasma concentration to the value
of BIS could reduce the risk of underestimation or
overestimation of a real plasma concentration by
target-controlled infusion algorithm in TIVA.3

Neuromuscular Blockade

In our practice, maintenance of neuromuscular
blockade (NMB) was achieved with either
rocuronium or atracurium, guided by train-of-four
(TOF) monitoring. TOF-guided neuromuscular
monitoring has been shown to facilitate the use
of NMB to obtain optimum surgical condition
for laparoscopic surgery in obese patients where
the thickened abdominal wall can be a challenge.
Recently, there has been a growing interest in the
use of deep NMB during bariatric surgery, which
is theoretically advantageous for both surgeons
and patients. Several randomised-controlled trials
demonstrated that deep NMB improves surgical
conditions and reduces post-operative pain in
laparoscopic surgery.* However, the ERAS® society
recommendation on deep NMB to improve surgical
condition was categorised as weak with low level



of evidence (Table II). In our practice, the surgeons
were generally satisfied with the surgical condition
at TOF level of 0 (post-tetanic count less than 8),
negating the need for a profound NMB.

Ventilation Strategy

Ventilation strategy using low tidal volume (6-8 mL/
kg) while maintaining normoxia and normocarbia
was feasible for all but the one case mentioned

earlier. We attributed this to the reverse
Trendelenburg  position, which theoretically
facilitates lung ventilation. No significant

haemodynamic compromise was observed, despite
the risk of hypovolaemia secondary to reduced
venous return from the reverse Trendelenburg
position.

Intra-Operative Fluid Therapy

We used maintenance fluid therapy consisting of
balanced isotonic solution according to Holliday-
Segar formulae of 4-2-1. None of the patients
required blood product transfusion. The monitoring
of intravascular volume was additionally guided
by automated pulse pressure variation (PPV) in
patients with IABP monitoring. No additional
fluid was given in account of the traditional ‘third
space loss’. Research findings from a study utilising
functional parameters such as stroke volume
variation supported lower infusion volumes for
maintenance of haemodynamic parameters in
patients undergoing laparoscopic bariatric surgery.®

Prevention of Post-Operative Nausea and
Vomiting

All patients were administered multi-modal
anti-emetic at three different time intervals:
metoclopramide 10mgIV in the ward upon departure
to the Operating Theatre (OT), dexamethasone 4mg
IV before induction and ondansetron 4mg IV prior
to abdominal closure. In the first 24 hours of post-
operative period, only two patients developed
post-operative nausea and vomiting (PONV),
while six patients complained of bloating sensation
without nausea or vomiting. The low incidence of
PONYV among our patients is probably the result of
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avoidance of morphine usage and the use of multi-
modal PONV prophylaxis. The use of a combination
of anti-emetics in bariatric surgery is supported by
a randomised trial demonstrating the superiority of
triple combination of haloperidol, dexamethasone
and ondansetron over a single or double
combination in laparoscopic sleeve gastrectomy.’
Other multi-modal anti-emetic regimes with
significant reduction of PONV were combination
of dexamethasone, cyclizine and prochlorperazine.?
Opioid-free TIVA technique with propofol, ketamine,
and dexmedetomidine has also been shown to
reduce the incidence of PONV in bariatric surgery.
It is associated with a large reduction in the relative
risk of PONV with an absolute risk reduction of
17.3% (number-needed-to-treat = 6) compared with
balanced anaesthesia.” Perhaps the opioid-free TIVA
technique is an alternative for the obese patients
with an increased risk of PONV.

Reversal of Anaesthesia

All patients were extubated in the OT except for one
patient with severe OSA who was extubated in the
intensive care unit. This patient was put on non-
invasive ventilation in the immediate period post-
extubation. Otherwise, all patients were maintained
in semi-setting position post-extubation with oxygen
supplementation via face mask or nasal prong and
discharged to the surgical high dependency unit. We
noted no differences in time to extubation between
standard reversal in the case of atracurium and
sugammadex in the case of rocuronium when the

use was guided by TOF.

Post-Operative Care and Lessons Learned

The cornerstone of a successful ERABS programme
is in the early mobilisation and oral nutrition
post-operatively. These can only be achieved if
adequate analgesia together with prevention of
PONV is attained. The ERAS society strongly
recommends the use of multimodal analgesia and
anti-emetics interventions in the ERABS pathway.?
Table III summarised the recommended individual
interventions for post-operative care in bariatric
surgery.
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Table III: ERAS® Recommendations for Post-operative Anaesthetic Management

Interventions Recommendation Level of Evidence | Recommendation Grade
Post-operative Multimodal systemic medication and High Strong
analgesia local anaesthetic infiltration technique

should be combined

Thromboprophylaxis | Should involve mechanical and High Strong
pharmacological measures with LMWH

Dosage and duration of treatment should | Dosage of LMWH: | Weak

be individualized Low
Post-operative Obese patients without OSA should Prophylactic oxygen | Strong
oxygenation be supplemented with oxygen therapy: Low

prophylactically in head-elevated or
semi-sitting position in the immediate
post-operative period

Positioning in post- | Strong
operative period:
High

Uncomplicated patients with OSA High Strong
should receive oxygen in a semi-sitting
position. Monitoring for possible
increasing frequency of apnoeic episodes
should be diligent. A low threshold for
initiation of positive pressure support
must be maintained in the presence of
signs of respiratory distress

Non-invasive Prophylactic routine post-operative Moderate Weak
positive pressure CPAP is not recommended in obese
ventilation patients without diagnosed OSA

CPAP therapy should be considered in Low Strong
patients with BMI >50kg/m? severe OSA
or oxygen saturation <90% on oxygen
supplementation

Obese patients with OSA on home CPAP | Moderate Strong
therapy should use their equipment in
the immediate postoperative period

Patients with OHS should receive post- [ Low Strong
operative BiPAP prophylactically along
with intensive care level monitoring

Obese patients with OSA on home CPAP | Moderate Strong
therapy should use their equipment in
the immedjiate postoperative period

BiPAP, biphasic positive airway pressure; CPAP, continuous positive airway pressure; LMWH, low molecular
weight heparin; OHS, Obesity Hypoventilation Syndrome; OSA, obstructive sleep apnoea. Adapted from:
Thorell A, MacCormick AD, Awad S. Guidelines for perioperative care in bariatric surgery: Enhanced Recovery After
Surgery (ERAS) Society Recommendations. World | Surg. 2016;40:2065-83
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Post-Operative Analgesia

While there are no specific recommendations
regarding which analgesic is best suited for the
obese population, it is universally accepted that
long-acting opioid such as morphine should be
avoided or used sparingly. In our practice, the use
of opioid is limited to fentanyl at 2mcg/kg during
induction and an infusion of remifentanil during
maintenance of anaesthesia. In addition, intra-
operative multimodal analgesia was achieved in
our patients using parecoxib 40mg IV, paracetamol
1000mg IV, local anaesthesia infiltration of lignocaine
2% at the trocar sites and intraperitoneal flushing
of 80mL 0.25% plain bupivacaine solution over the
left diaphragm before abdominal closure. Control
of post-operative pain was continued with the
parecoxib IV and paracetamol IV; the post-operative
numeral rating pain score ranged between 2 to 3 on
this analgesic regime. None on the patients required
rescue opioid medication till discharge. We conclude
from our experience that adequate pain control can
be achieved without the use of morphine.

Post-Operative Oxygenation

Ten percent of our patients had a STOP-BANG score
of 3 to 5 (intermediate risk for OSA) and 50% had a
score of >4 (high risk for OSA). In the sleep study
evaluation, three patients were diagnosed with
OSA requiring non-invasive ventilation (NIV) peri-
operatively. The concern regarding maintenance
of adequate oxygenation and prevention of lung
collapse in morbidly obese patients has prompted
our team to prepare NIV for post-operative
oxygenation. Despite this concern, almost all of the
patients were able to maintain good oxygenation
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INTRODUCTION

Traditionally, intravenous anaesthetics have been
utilized for the induction of anaesthesia. Thiopental,
which was the gold standard of intravenous
anaesthetics for 50 years, was introduced into
clinical practice in 1934. It has a rapid, smooth
onset of sedative and hypnotic effects, predictable
pharmacokinetics, and smooth emergence. However,
thiopental has a long context-sensitive half-time that
makes it less suitable for use as an infusion.! Propofol, a
widely used intravenous anaesthetic, is remarkable,
as patients are awake and orientated shortly after
administration, and it lacks any of the hangover
effects associated with older anaesthetics.! However,
it causes pain on injection and dose-dependent
hypotension. Etomidate, a GABAA receptor

agonist, has become popular because of its safe
haemodynamic profile, but it causes adrenocortical
suppression. A benzodiazepine such as midazolam
is also a hemodynamically stable induction agent,
but during a continuous infusion, the metabolite
accumulates and exerts a more prolonged effect.!

In order to improve safety, efficacy, onset, recovery
profile, and predictability, new anaesthetic agents
have been continuously developed, whether from
new formulations of existing agents or totally
new chemical entities. However, as anaesthesia
practitioners, we must understand that there is no
single perfect anaesthetic agent and that the search
for a near-ideal agent must continue. Hemmings
described the characteristics of an ideal intravenous
anaesthetic agent (Table I):?

Table I: Properties of the Ideal Intravenous Anaesthetic Agent

Pharmacodynamic / Pharmacokinetic Properties

Hypnosis and amnesia

Rapid onset (time of one arm-brain circulation)
Rapid metabolism to inactive metabolites

Minimal cardiovascular and respiratory depression
No histamine release or hypersensitivity reactions

Nontoxic, nonmutagenic, noncarcinogenic

No untoward neurologic effects, such as seizures, myoclonus, antanalgesia, neurotoxicity

Other beneficial effects: analgesia, antiemetic, neuroprotection, cardioprotection

Pharmacokinetic-based models to guide accurate dosing
Ability to continuously monitor delivery

Physiochemical Properties

Water-soluble

Stable formulation, nonpyrogenic
Nonirritating: painless on intravenous injection
Small volume needed for induction
Inexpensive to prepare and formulate
Antimicrobial preparation
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This article contrasts new anaesthetic agents with
some commonly used intravenous anaesthetics,
namely midazolam, propofol, and etomidate.

REMIMAZOLAM

Midazolam was first discovered in 1976 and is a
widely used sedative and anxiolytic. It is frequently
used to produce anxiolysis, anterograde amnesia,
sedation, and hypnosis, but it can also be used
as a muscle relaxant and anticonvulsant.! It has
a favourable safety profile and can be reversed
by flumazenil to manage excessive sedation or
respiratory depression.! Midazolam is metabolized
by the hepatic cytochrome P450 system via
oxidation and glucuronic conjugation; hence,
patients with liver disease experience prolonged
recovery.! As with other benzodiazepines, it has no
analgesic properties. Remimazolam is a new, short-
acting, ester-based anaesthetic agent that works via
a receptor associated with GABAA, which operates
on the chloride channel, as does midazolam. Like
remifentanil, it is metabolized rapidly by esterases
and hence is independent of hepatic or renal
enzymes.** Accumulation of the drug should not
occur, as it is converted into an inactive carboxylic
acid metabolite.® In addition to organ-independent
metabolism, remimazolam is reversible with
flumazenil. As a result, it has a relatively short
context-sensitive half-life of 7-8 minutes, even after
a two-hour infusion.®

In the United States, remimazolam was initially
developed for procedural sedation, such as for
colonoscopies, and in Europe, it is undergoing
development for general anaesthesia in both
cardiac and non-cardiac surgeries.” It is also being
considered for ICU sedation, as many critically ill
patients have end-organ dysfunction and would
benefit from the organ-independent metabolism of
this medication.

In essence, remimazolam takes advantage of
the hypnotic and amnestic effects of midazolam
with a rapid offset of remifentanil.’” It has side
effects similar to midazolam, such as headache,
somnolence, and decreased blood pressure, but
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these can be reversed by flumazenil."! More trials are
needed to investigate remimazolam’s metabolism
after prolonged infusion, as there is currently only
information about its use in bolus injection. There
is still a lack of data of remimazolam among certain
groups of patients, such as pregnant patients and
paediatric populations. Many questions still need to
be answered before it can be used in clinical practice.

NEW PROPOFOL
ALTERNATIVES

DERIVATIVES AND

Propofol (2,6-diisopropylphenol) was first used in
1977 and has become one of the most commonly
used intravenous anaesthetics. It is still considered
a near-ideal agent due to its pharmacokinetic
profile, such as a desirable rapid onset, a predictable
context-sensitive  half-time, rapid emergence,
minimal side effects, and antiemetic properties.
Due to these favorable features, propofol could
be used in many settings, including induction
and maintenance of general anaesthesia, and as a
sedative-hypnotic in outpatient procedures and
intensive care units. However, propofol is associated
with several disadvantages, such as the risk of
bacterial contamination and hyperlipidemia, due to
its oil emulsion preparation. Pain on injection occurs
in approximately 60-70% of patients when propofol
is administered peripherally alone.! An extremely
rare but potentially fatal risk is propofol infusion
syndrome (PIS), which was first observed in children
in the 1990s and, subsequently, in adults after it
was used for sedation in an ICU setting. In order to
improve and overcome these disadvantages, new
propofol formulations and alternatives have been
developed and tested.

Propofol is hydrophobic oil that requires a lipid
emulsion asa vehicle of administration. The emulsion
comprises 10% soybean oil, 2.25% glycerol, and 1.2%
egg phospholipids. One of its main disadvantages is
pain on injection. Unsurprisingly, for some patients,
the most painful part in the perioperative period
is during the induction phase.”? Among the 33
most common anaesthesia problems in outpatient
procedures, pain from injection is ranked third.” The
exact mechanism is unknown, but it is influenced by



injection rate, concentration of propofol, patient age,
and pre-treatment medications such as lignocaine,
among other factors.

To overcome the drawbacks of propofol, there
were many attempts to modify its formula,
including  modifications to the emulsion.
Microemulsions of propofol are easier to produce
and thermodynamically stable but cause more pain.
A novel micro to macro approach of destabilizing
a microemulsion immediately prior to injection
has been proposed to improve stability and reduce
pain on injection.'”® Another approach is to increase
the proportion of medium-chain triglycerides
(MCTs) in the emulsion. MCTs are more polar and
thus are metabolized more rapidly than long-chain
triglycerides (LCTs). Propofol-LCT/MCT, a mixture
of long-chain and medium-chain triglycerides in
the carrier emulsion, causes less injection pain than
LCT emulsive propofol because of the decreased
concentration of propofol in the aqueous phase.'
Pharmacokinetics and pharmacodynamics of the
propofol remained unaffected by the emulsion,
pain on injection decreased, and the elimination
of triglycerides increased. Propofol Lipuro® is one
example of this formulation.

Fospropofol is a water-soluble prodrug of propofol
and was approved for monitored anaesthesia care
by the FDA in December 2008.” It is hydrolyzed
by endothelial alkaline phosphatases in vivo after
the intravenous administration releasing propofol,
phosphate, and formaldehyde.” Being water-
soluble, the administration of fospropofol yields
less pain, less risk of contamination, and less
hypertriglyceridemia, but its major drawbacks are
delayed onset time and longer elimination time.!®
The most common adverse effects associated with
the administration of this medication are self-limiting
paresthesia and pruritus, generally occurring in the
perineal and perianal regions within five minutes of
the initial dose.” Fospropofol has a lower incidence
of hypotension, respiratory depression, apnoea,
and loss of airway patency, but unintended deep
level sedation can still occur.” Hence, with its
usage, practitioners still must be able to maintain
an adequate airway and support cardiorespiratory
function.”
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AZD-3043 (AstraZeneca US, Wilmington, DE, USA)
is a positive allosteric modulator of the GABAA
receptor that is extensively and rapidly metabolized
to inactive nontoxic metabolites through hydrolysis
by esterases present in blood and the liver?® Like
propofol, it is a water-insoluble drug formulated
in an oil emulsion. AZD-3043 was given to rats
intravenously via a bolus injection, and it produced
rapid onset of hypnosis. Emergence time was rapid
and relatively unaffected by the duration of the
infusion.”® When given to healthy volunteers, the
onset and offset effects of AZD-3043 were fast.”
The volume of distribution was low with high
clearance, resulting in a short elimination half-life.?
In contrast to propofol, there were no reports of pain
on injection. However, erythema, chest discomfort,
dyspnea, and episodes of involuntary movement
were reported.*

Phaxan™ (PHAX, Chemic Labs, Canton, MA, USA)
is an aqueous solution of 10mg/mL alphaxalone and
13% 7-sulfobutylether B-cyclodextrin (betadex). It
has fast onset and offset, equal to propofol, but with
less drop in blood pressure.” In rats, it had a greater
therapeutic index than propofol.” In the first human
study, compared to the equivalent dose of propofol,
PHAX caused fast-onset, short-duration anaesthesia
with fast cognitive recovery (similar to propofol).
There was less cardiovascular depression, no pain
on injection, and no airway obstruction.?

ETOMIDATE DERIVATIVES

Etomidate, a highly potent hypnotic agent,
was introduced in 1972. It is often touted as a
hemodynamically stable induction agent with
minimal effects on mean arterial pressure, stroke
volume, cardiac index, systemic vascular resistance,
and pulmonary vascular resistance.” There are mixed
data regarding its effects on the respiratory system.
Its side effects include pain on injection, myoclonus,
and most significantly, adrenocortical suppression.
Etomidate inhibits the activity of the enzyme
11B-hydroxylase and prevents the conversion of
cholesterol to cortisol. Hence, prolonged infusion
of etomidate in critically ill patients might increase
mortality. It has been postulated that a single dose is
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sufficient to transiently suppress the adrenocortical
axis. Many studies show that there were no direct
adverse outcomes following a single dose of
etomidate, but this has not been supported by other
studies. Hence, recent advancements in etomidate
derivatives aim to retain its advantages and
preserve adrenocortical function. As an example, by
substituting the nitrogen in the imidazole ring with a
methylene group, carboetomidate is formed, which
reduces the adrenocortical suppression effect.”
Therefore, it could be used as a sedative in sepsis
patients in an intensive care setting.”” In rat models,
carboetomidate inhibits the 5-HTs receptor and may
decrease the emetogenic properties of etomidate.®

Methoxycarbonyl-etomidate (MOC-etomidate) is
an etomidate derivative that has rapid onset of
action, high hypnotic potency, and haemodynamic
stability. It acts on the GABAA receptor, and
much like remifentanil and esmolol, it is designed
to undergo rapid and predictable metabolic
breakdown. It contains a metabolically labile ester
moiety that is rapidly hydrolyzed by esterases
to form carboxylic acid metabolite, which has
adrenocortical inhibitory levels 300 to 400 times
lower than its parent compound.”® After single
intravenous administration in rat models, there
was no adrenocortical suppression.®® However, its
metabolites accumulate during prolonged infusions,
which lead to a longer recovery time. Thus, it is less
suitable as an infusion in an intensive care setting.

Methoxycarbonyl-carboetomidate (MOC-carboetomidate)
is another etomidate derivative meant to combine
the rapid metabolism of MOC-etomidate and the
minimal adrenal suppression of carboetomidate.
By incorporating both structures, the goal was to
produce an extremely short duration molecule
that would not suppress steroid synthesis.® It is
metabolized by ester hydrolysis, but the potency
of the parent compound is not affected. It has no
adrenal suppression, which eliminates the most
detrimental side effect of etomidate, probably
reflecting carboetomidate’s lower binding affinity
to 11B-hydroxylase and its inability to form a
coordination bond with the heme iron at the
enzyme’s active site.*® This advantage prevents
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adrenal suppression; thus, MOC-carboetomidate
is suitable for use in critically ill patients. Like
carboetomidate, MOC-carboetomidate is poorly
soluble in water and has a slower onset of action
compared to MOC-etomidate. In rat models, both
MOC-carboetomidate and carboetomidate have
similar onset of induction times.*

Cyclopropyl-methoxycarbonyl metomidate (CPMM)
is a second-generation etomidate. Longer infusion
of other etomidate derivatives, such as MOC-
etomidate, may lead to prolonged hypnosis due to
accumulation of its metabolites, and this leads to
the development of higher potency esters, which
are slowly metabolized with less accumulation
of metabolites. CPMM is a novel, potent, positive
allosteric modulator of the GABAA receptor. In rat
brain models, CPMM was ten times more potent
than MOC-etomidate and metabolite concentrations
were nearly 100 times lower.?® Again, in a rat study,
electroencephalogram recovery times of four
minutes were achieved equally after infusion of
CPMM for five or 120 minutes. Etomidate had a
similar four-minute recovery time after a five-minute
infusion, but the recovery time was 31 minutes
following a 120-minute infusion.*** A recent in vivo
CPMM animal study confirmed that compared to
etomidate, CPMM was more rapidly metabolized
and hence had a shorter duration of sedative-
hypnotic action. Recovery times after CPMM
administration were also independent of infusion
duration, and adrenocortical activity profiles were
comparable to propofol after prolonged infusions.*
It seems that CPMM is a very favourable drug due
to its high potency and low metabolite build-up. In
addition, compared to etomidate, CPMM produced
lower plasma cytokine concentration and improved
survival in lipopolysaccharide inflammatory sepsis
models.” Thus, given its context insensitivity, it may
confer better outcomes in septic patients. CPMM
appears to be the best of the current etomidate
derivatives for use in prolonged infusions.

CONCLUSION

There are no perfect IV anaesthetic agents, but the
search for one will never stop. One of the approaches



is targeted modification of existing compounds
such as midazolam, propofol, and etomidate in
order to improve their pharmacodynamic and
pharmacokinetic =~ properties. ~ Pharmacokinetic
improvement could be achieved via the
transformation of the parent compound, such as
the addition of an ester linkage, which could allow
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INTRODUCTION

Post-operative hyperalgesia (POH) is a condition
characterised by signs and symptoms of severe
pain that occurs even after adequate doses of
opioids administration. If left untreated, POH can
produce poor impact to every human physiological
system. Therefore, prompt recognition and accurate
diagnosis of POH is imperative as this can change the
pain outcome. The aim of this review is to describe
the prevalence, causes and pathophysiologic
mechanism of POH, as well as clinical features that
can direct the anaesthesiologists towards the correct
diagnosis of the condition, and its differentials.
The management approach upon diagnosing POH
will focus on the role of ketamine, the most notable
pharmacological agent that antagonise the abnormal
central sensitisation that is the basis of POH.

PREVALENCE

To date, the prevalence of POH is still unknown.
However, yearly statistics proved that the occurrence
of post-operative pain is still significant. For
example, local data from Malaysia national audit on
post-operative pain management showed that the
proportion of patients complaining of moderate to
severe pain was 64% for the hospitals that provide
Acute Pain Service (APS) and 76% for the hospitals
without APS team.! This finding implies that it is
important to be concerned about the effectiveness of
our post-operative pain management.

PREDISPOSING FACTORS

The two main predisposing factors of POH are
opioid-induced hyperalgesia (OIH) and nociceptive-
induced hyperalgesia (NIH) and these will be
discussed in greater detail below.? In addition, there
are several other causes for POH that merit a brief
mention as follows.
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Opioid-Induced Hyperalgesia

Opioids are the pharmacological cornerstone of
modern pain therapy.? Opioids possess specific
sites of action on the brain and along the peripheral
nervous system. These include:

* Mu opioid receptor (MOR), situated at outer
laminae dorsal horn of spinal cord;

® Delta opioid Receptor (DOR), located at dorsal
horn;

* Kappa Opioid receptor, located at outer laminae
dorsal horn of lumbosacral cord, and received
sensory input from visceral organ; and

*MOR and DOR neurons, originated at
periaqueductal gravy area or the rostral
ventromedial medulla, and descend to spinal
cord to inhibit pain transmission.

However, in certain situations, opioids may
exacerbate  tissue sensitization leading to
hyperalgesia. This is known as OIH. OIH is the most
common cause of POH.? Most opioids are capable of
inducing OIH in the post-operative period.

Remifentanil

Remifentanil owns similar analgesic properties as
fentanyl and morphine.? However, its administration
will enhance the N-Methyl-DE Aspartate Receptor
(NMDAR) responses. The suggested mechanism
is that remifentanil enhances NMDAR activity
via its action at DOR, which induces OIH.* From
a pharmacological standpoint, after remifentanil
infusion is ceased, there is an activation of pro-
nociceptive system leading to hyperalgesia.
Clinically, it has been observed that a combination
of remifentanil and ketamine infusions inhibit
central pain sensitization; this combination reduced
post-operative morphine consumption compared to
remifentanil infusion alone.’
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Fentanyl

Repeated administration of fentanyl allows for
dose-dependent reduction of pain thresholds even
after fading of its analgesic effect. Like remifentanil,
fentanyl also activates NMDAR systems and
provokes pro-nociception, leading to hyperalgesia.®
The higher the dose of fentanyl used, the greater is
the risk to develop OIH. In this respect, ketamine
pre-treatment has been shown to enhance the
earlier response to the analgesic effect of fentanyl
and prevented the drug’s late development of long-
lasting hyperalgesia.”

Morphine

Systemic and intrathecal administration of morphine
has been experimentally shown to enhance NMDAR
systems, and induced hyperalgesia.® Unlike the
fentanyl group of opioids, hyperalgesia due to
morphine usually occurs after prolong use (days to
weeks).’?

Tramadol

Tramadol is a weak MOR agonist. An experimental
study suggested that a single dose of tramadol
in non-operated rats could induce an immediate
hypoalgesic action, followed by hyperalgesia,
starting 24 hours after its administration, and
lasting for week.!"’ In humans, a recent case report
described OIH that resulted from the administration
of tramadol in two individuals." Although the
occurrence of tramadol-induced hyperalgesia
is rare, it still needs to be considered in order to
provide our patients with appropriate treatment,
such as ketamine.

Methadone

Methadone is an NMDR antagonist like ketamine
and helps in providing analgesia.’? It also activates
DOR, and induces incomplete cross-tolerance with
MOR, particularly with morphine.® However,
methadone can still cause OIH if its dosing
schedule outlasts its short pro-analgesic half-life.
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Nociceptive-Induced Hyperalgesia

Surgical incision will damage the tissue and
injured nervous system. This is known as surgical
hyperalgesia or NIH. Tissue damage will release
active substances such as prostaglandin which can
alter the physiology of sensory and motor systems.
This activation sensitizes the nociceptors and the
central nervous system and is called ‘nociceptive
neuroplasticity’. NIH has three stages:

1. “Activation’ for acute injury
‘Modulation” for subacute peripheral and
central sensitization

3. '‘Modification, ’‘in which the change is
permanent. This need to be -carefully
differentiated with OIH as NIH can also
manifest like allodynia and hyperalgesia

Viscero-Visceral Hyperalgesia

Viscero-visceral hyperalgesia is a condition in which
patients suffer from co-existing allogenic conditions.
It is due to the presence of two or more internal
organs that are innervated by the same neural trunk.
Intervention or injury in one organ may cause a cross-
sensitization with the second organ, transferring
the original visceral pain symptoms to the other,
including somatic areas with referred hyperalgesia.'
In other words, abnormal nociceptive behaviour
can indeed come from another injured organ and
the pain can also be diverted to the nearest somatic
structure leading to viscera-viscera-somatic pain.

Peripheral Adreno-Sympathetic Activity

Hyperalgesia can be caused by a cross talk between
somatic-sympathetic neural pathways located at
dorsal root ganglion as seen in Complex Regional
Pain Syndrome. Activation of adrenergic receptor of
the sympathetic nervous systems can be referred to
somatic distribution causing pain facilitation. Pain
sensitization also occurs due to imbalances between
descending inhibition and sympathetic outflow.



Non-Nociceptive Preoperative Environmental
Stress

Anxiety can worsen pain sensitivity. Additionally,
anxiety, depression, psychological instability or
vulnerability, catastrophizing behaviour, and
preoperative irrational abnormal responses to
pain stimuli, directly correlate with severity and
abnormal sensitivity, as well as persistence of post-
operative pain.?

Pre-Operative Pain

Recent studies indicated that pre-operative pain
directly correlates with the severity of post-operative
pain. The existence of chronic pain before surgery
even may induce POH.'¢"

PATHOPHYSIOLOGIC MECHANISM

The exact pathophysiologic mechanism of POH is
still not fully understood. In general, POH of any
causes is the result of hyper-excitation of the pain
pathway at central nervous system i.e. brain and
spinal cord. It occurs when central glutamatergic
pathways, mainly located at NMDAR crossway, are
being activated. Pain promotes synthesis of glutamic
acid which later floods in the area of NMDAR, thus
facilitating sensitization. This is currently regarded
as the key pro-nociceptive mechanism that enables
hyperalgesia provocation.?

DIAGNOSIS

POH is suspected when the post-operative pain
is paradoxically severe in intensity that may be
accompanied by abnormal pain sensation. Clinically,
POH presents like severe pain that is normally
associated with hyperalgesia and allodynia
requiring the anaesthesiologist to administer more
opioids. The pain is persistently severe even though
the patient is already sedated. Below are the clinical
features pointing that a patient might suffer from
POH:?

1. High or repeated doses of
administration intra-operatively;

opioids
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2. Increased sensitivity to pain or previously

tolerated pain;

Unexplained pain;

Presence of allodynia and/or hyperalgesia;

5. Increasing strong opioids demands within 48
hours post-operatively;

6. Reduced pain intensity following administration
of strong opioids; and

7. Presence of opioids toxicity such as sedation,
myoclonus, delirium or seizures.

L

DIFFERENTIAL DIAGNOSES

The usual differential diagnoses that we need to
think of are Opioid-Induced Tolerance (OIT), disease
progression and surgical complications.”® OIT
occurred when effectiveness of opioids is reduced,
and higher opioid doses are needed to reach the
intended analgesic effects. Early presentations are
detected at recovery bay as patient suffered from
severe pain and opioid optimization is needed to
combat the pain. Compared to OIH, OIT usually
improves after further administration of opioid. In
OIT, the pain is intense at the early time of recovery,
whereas in OIH, severe pain occurs at the later stage
of recovery. Management of OIT is by increasing the
opioid dosage till optimum.

Pharmacologically, OIT occurs due to loss of opioid
potency or desensitization of anti-nociceptive
pathway in response to opioid administration
intra-operatively. Surgery cannot escape from
complication such as bleeding that can cause internal
compression to the internal organ structure. Disease
progression as commonly occur in unresectable
malignancy may progress into severe uncontrolled
pain post-operatively. Discussion with a surgeon is
mandatory in determining the complication and the
nature of surgical findings.

THE ROLE OF KETAMINE

Ketamine has been studied for years in treating
POH, specifically in OIH. Ketamine is an NMDAR
antagonist as it will cause desensitization via NMDA
inhibition. It acts as an immuno-modulator rather
than as an immuno-suppressor, whereby it prevents
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the release of local pro-inflammatory mediators
and cytokine secretions without blunting the tissue
healing.” Anti-inflammatory effects of ketamine
can be seen as reductions in the anti-inflammatory
markers including interleukin-6, interleukin-10,
C-reactive protein and tumour necrosis factor-a."

In most cases of POH, the patients already received a
high dose of opioids, usually in the form of fentanyl
or morphine, to treat the severe pain in recovery.
Occasionally, we detected that the patients already
suffered from opioid side-effects such as over-
sedation and yet the pain was still poorly controlled.
Although such a situation might not be commonly
encountered, its occurrence can make the attending
anaesthesiologist feel miserable.

After ruling out disease progression and
complication of surgery, a low dose of ketamine can
be given as 0.5mg/kg bolus or as 0.2mg/kg bolus
followed by infusion at 0.15-0.5mg/kg/hour.?*
Generally, the ketamine infusion is started at sub-
therapeutic doses and the infusion rate is then
gradually escalated to the therapeutic level. This can
be limited by improvement of the pain or appearance
of the side-effects of ketamine such as hallucination,
illusion and nightmare. The ketamine infusion can
be continued up until 14 days. These two techniques
are proven to reduce opioids consumption without
significant side-effects. A referral to the APS team is
mandatory as the patients need to be followed up.
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INTRODUCTION

The act of securing the airway in paediatric patients
is a crucial element of care in the perioperative
and critical care settings. Due to various factors,
which can be anatomical, congenital or acquired,
the management of paediatric airway is relatively
more difficult than in adults. Paradoxically, clinical
data regarding paediatric difficult airway is
somewhat limited, with most recommendations
being extrapolated from the adult data. Yet, failure
to manage the airway is one of the primary events
leading to morbidity and mortality, even among
providers who are trained in paediatric airway
management. This article aims to focus on the
emerging trends and techniques using existing tools
to safely handle paediatric difficult airway.

MANAGING PAEDIATRIC DIFFICULT AIRWAY

Problems in paediatric airway management can be
divided into the following three categories, which
will be individually discussed in greater details
below:

1. Difficult mask ventilation;

2. Difficult tracheal intubation; and

3. Cannot intubate and cannot ventilate.

Difficult Mask Ventilation

Difficult mask ventilation in the paediatric
population can be either patient-related or
equipment-related factors. Factors that are patient-
related can be due to anatomical variations or
functional issues, while those that are equipment-
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related include inappropriate mask sizes, circuit-
related problems and oxygen supply.

Management strategies for difficult mask ventilation
are dependent on the cause. If the problem is due
to patient factor, these steps that can be taken to
improve mask ventilation:

1. Adjustment of the head position, application
of jaw thrust, and placement of shoulder role;

2. Ventilation using the two-person technique
(the first person manages the airway and
another one performs the ambu-bagging);

3. Increasing the depth of anaesthesia;

4. Application of positive end expiratory pressure
(PEEP);

5. Decompression of the stomach with naso- or
orogastric tube to prevent splinting of
diaphragm; and

6. Insertion of nasal or oral airway while ensuring
the patient in adequate depth of anaesthesia.

If these steps are unable to effectively mask ventilate
the patient and the child begins to desaturate, it is
recommended to deepen the anaesthesia and to
insert the supraglottic airway. If the supraglottic
airway fails, an attempt can be made to visualize
the vocal cords and intubate without muscle
relaxant under deep anaesthesia using sevoflurane
or propofol. Once the airway is secured, either by
supraglottic airway or intubation, the surgery may
be continued. Figure 1 shows the Association of
Paediatric Anaesthetists (APA) guideline for difficult
mask ventilation during induction of anaesthesia in
children aged 1 to 8 years old.!
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%APA Difficult mask ventilation (MV) - during routine W
induction of anaesthesia in a child aged 1 to 8 years
Difficult MV ‘ Give 100% oxygen ‘ Call for help
Check equipment Depth of anaesthesia

Consider: Consider changing:

+ Adjusting chin lift/jaw thrust « Circuit Consider d " thosi
« Inserting shoulder roll if <2 years * Mask Uons(l::ArP eepening anaestnesia
« Neutral head position if >2 years « Connectors se

« Adjusting cricoid pressure if used If equipment failure is suspected, change to self-inflating

« Ventilating using two person bag mask technique bag and isolate from anaesthetic machine promptly

Step B Insert oropharyngeal airway Call for help again if not arrived

Assess for cause of difficult mask ventilation] lg/laintain anaes:]hes:ia/gPAPf I

+ Light anaesthesia eepen anaesthesia (Propofol first line)

« If relaxant given - intubate
« If intubation not successful, go to unanticipated

« Laryngospasm I
difficult tracheal intubation algorithm

« Gastric distension - pass OG/NG tube

Step C Second-line: Insert SAD (e.g. LMA™)

( Continue j

N
Consider:
« Insert SAD (e.g. LMA™) » SAD (e.g. LMA™) malposition/blockage
- not >3 attempts . ) » Equipment malfunction Wake up patient )
« Consider nasopharyngeal airway Good airway » Bronchospasm

« Release cricoid pressure * Pneumothorax

Proceed j

Go to scenario cannot intubate
cannot ventilate (CICV)

l SAD = supraglottic airway device l

Figure 1: The Association of Paediatric Anaesthetists (APA) guideline for difficult mask ventilation during
routine induction of anaesthesia in children aged 1 to 8 years old. Available from http://www.apagbi.org.uk/
publications/apaguidelines

Difficult Tracheal Intubation intubation as well. Straight bladed laryngoscopes
are traditionally used in children under one year
Simple strategies such as proper positioning of the old, but may be useful in older children too, or

child, external laryngeal manipulation, and giving in patients with relative macroglossia. Figure 2
good depth of anaesthesia can help in visualization shows the APA guideline for unanticipated difficult
of vocal cord which may aid in tracheal intubation. tracheal intubation during induction of anaesthesia
The use of simple aids such as bougie may help in in children aged 1 to 8 years old.!
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T
S,

oir,,
Aév %‘

AP A Unanticipated difficult tracheal intubation—during routine
induction of anaesthesia in a child aged 1 to 8 years B Y4
Ci1E
ive 1009 -
Difficult direct laryngoscopy ‘ Gr:;eint(z)i(i)n/oa(:;ifte}l:ez;d ‘ Call for help

Ensure: oxygenation, anaesthesia, CPAP, management of gastric
distension with OG/NG tube

Step A. Initial tracheal intubation plan when mask ventilationis

Direct laryngoscopy—not >4 attempts Verify ETT position
Check the following: | (i) Capnography
(i) Neck flexion and head extension (“Succeed ) Tracheal intubation (ii) Visual if possible
(ii) Laryngoscopy technique (—— { ) (iii) Auscultation
(iil) External laryngeal manipulation—remove or adjust If ETT is too small consider
(iv) Vocal cords open and immobile (adequate paralysis) using throat pack and tie
If poor view, consider bougie, straight blade laryngoscope™ to ETT
and/or smaller ETT If in doubt, take ETT out

ﬁzai]ed intubation with good oxygenation)

Step B. Secondary tracheal intubation plan Call for help again if not arrived

(i) Consider modifying anaesthesia and|

(i) Insert SAD (e.g., LMA)—not >3 attempts surgery plan
(ii) Oxygenate anC% ventilate (ii) Assess safety of proceeding with
(iii) Consider increasing size of SAD (e.g., LMA) surgery using a SAD (e.g., LMA)

once if ventilation is inadequate
I

@ailed oxygenation, e.g., SpO, <90% with FiO, ]@ (i) Consider 1 attempt (ii) Verify intubation, leave
l at FOI via SAD SAD (e.g., LMA) in place,
(e.g., LMA) and proceed with surgery

Postpone surgery
Wake up patient

Proceed with surgery

(i) Convert to face mask

(ii) Optimise head position e : -
(iii) Oxygenate and ventilate Q*alled intubation via SAD (e.g., LMA) )%( I;(\)/stlfone surgery ]
(iv) Ventilate using two-person bag mask technique;—>{ Succeed ake up patient
) ISIPAP’ ane (;r‘o“cllz‘isto phjdryng_eﬂall g)lg;,IiIG tub A\ (Go to scenario cannot intubate
v) Manage gastric distension wi ube 9( ; Tation - :
(vi) Reverge rglondepolarisating relaxant ) Failed ventilation and oxygenation} {__cannot ventilate (CICV) )

Following intubation attempts, consider
(i) Trauma to the airway
(ii) Extubation in a controlled setting

*Consider using indirect laryngoscope if experienced in their use

SAD = supraglottic airway device

Figure 2: The Association of Paediatric Anaesthetists (APA) guideline for unanticipated difficult tracheal
intubation during routine induction of anaesthesia in children aged 1 to 8 years old. Available from http:/ /www.
apagbi.org.uk/publications/apaguidelines

Cannot Intubate and Cannot Ventilate This is a final life-saving step in airway management

to reverse hypoxia, and prevent resulting brain
This is a life-threatening situation and emergency  injury, cardiac arrest and death. Figure 3 shows
front of neck access airway should be considered in the APA guideline for cannot intubate and cannot
the event of cannot intubate and cannot ventilate. ventilate in a paralysed child aged 1 to 8 years old.!
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% APA Cannot intubate and cannot ventilate (CICV) in a
paralysed anaesthetised child aged 1 to 8 years W

Failed intubation . o
inadequate ventilation ‘ Give 100% oxygen ‘ Call for help

Step A Continue to attempt oxygenation and ventilation

» FiO, 1.0

« Optimise head position and chin lift/jaw thrust

« Insert oropharyngeal airway or SAD (e.g. LMA™)
* Ventilate using two person bag mask technique

» Manage gastric distension with an OG/NG tube

Step B Attempt wake up if maintaining SpO, >80%

(If rocuronium or vecuronium used, consider suggamadex (16mg/kg) for full reversal)

(Prepare for rescue techniques in case child deteriorates )

!« Extend the neck (shoulder roll)
Stabilise larynx with non-dominant
hand
Access the cricoithyroidotomy
membrane with a dedicated 14/16
gauge cannula
Aim in a caudad direction
Confirm position by air aspiration
using a syringe with saline
Connect to either:
« adjustable pressure limiting
device, set to lowest
delivery pressure

Step C Airway rescue techniques for CICV (SpO, <80%

Call for hel in if not arrived
and falling) and/or heart rate decreasing Al for he’p again I rot arrive

Consider:
« Surgical tracheostomy

« Rigid bronchoscopy + ventilate / jet
ventilation (pressure limited)

.

delivery pressure until wake up or

definitive airway established or
« 4Bar O, source with a
flowmeter (match flow I/min
to child’s age) and Y
connector
Cautiously increase inflation
pressure/flow rate to achieve
adequate chest expansion
Wiait for full expiration before next
inflation
Maintain uper airway patency to
aid expiration

( Continue jet ventilation set to lowest

ENT availabl
Percutaneous cannula

Call for specialist
ENT assistance
cricothyroidotomy /

k- | ENT ot available transtracheal jet

ventilation
(pressure limited) « Perform surgical cricothyroidotomy /
transtracheal and insertion of ETT /
tracheostomy tube*
« Consider passive O, insufflation
while preparing

*Note: Cricothyroidotomy techniques can have serious complications and training is required -
only use in life-threatening situations and convert to a definitive airway as soon as possible l SAD = supraglottic airway device ]

Figure 3: The Association of Paediatric Anaesthetists (APA) guideline for cannot intubate and cannot ventilate in
paralysed anaesthetised children aged 1 to 8 years old. Available from http://www.apagbi.org.uk/publications/
apaguidelines

DEVICES AND TECHNIQUES FOR THE patient is breathing spontaneously or apnoeic in a
PAEDIATRIC DIFFICULT AIRWAY variety of ways such as via nasal cannulas, masks,

nasopharyngeal airways, and high flow nasal
Oxygenation for the Paediatric Difficult Airway cannulas.

The primary aim in managing paediatric airway
is to maintain oxygenation and avoid hypoxemia.
Mortality occurs because of inability to oxygenate
rather than inability to intubate. Oxygen delivery
during intubation attempts reduces the incidence
of hypoxemia. Oxygen can be delivered while a

High flow nasal cannula is a technique that was
originally used in neonates to provide respiratory
support for premature infants, decreasing the
need for intubation. Now, it has expanded its role
in difficult airway in delaying hypoxia in children
during apnoea after induction of anaesthesia. Studies
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shows that those children who received trans-nasal
humidified high flow nasal cannula doubled their
time to desaturation to 92%.?

Flexible Fibreoptic Bronchoscopes

A flexible fibreoptic bronchoscope is considered as
the gold standard of difficult airway management
in paediatric patients.’ Intubation using this device
can be achieved via nasal or oral endotracheal tube
(ETT) or through a supraglottic airway device (SAD).
It allows the operator to manoeuvre the ETT tip
around and bypass distortions in airway anatomy.
Limitations include lack of patient cooperation,
blood and secretions that can obscure the view and
no suction ports in the smaller bronchoscopes.

Video-Laryngoscopes

Video-laryngoscopes (VLs) are gaining popularity in
the management of difficult airway in the paediatric
population.*® Various designs of VL are being
marketed nowadays with much more improved
design and portability. VLs have two types of
blades, which can be non-angulated or hyper-
angulated. Non-angulated blades are those with
the design of standard Miller and Macintosh but
have video added adjacent to the light source. The
hyper-angulated blades have an acute distal blade
angulation that facilitates visualizing of larynx. The
available paediatric VL options are GlideScope™
Video Laryngoscope (Verathon, Bothell, Washington,
USA), Storz DCI™, C-MAC® Video Laryngoscope
(Karl Storz, Tuttlingen, Germany), Truview PCD™
Infant (Truphatek, Netanya, Israel), Airtraq™
Disposable Optical Laryngoscope (Prodol Meditec,
Vizcaya, Spain), and Pentax-AWS™ (Pentax
Corporation, Tokyo, Japan).

Supraglottic Airway Devices

Supraglottic Airway Devices (SAD) play a major
role in the management of difficult airway both in
adult and paediatric population. They are useful
in condition of difficult ventilation and failed
intubation as the devices helps to maintain the
oxygenation and ventilation. Newer SAD device
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such as Ambu and I-Gel have been designed with
improve efficiency and can be used as a conduit for
fibreoptic-guided tracheal intubation.

Optical Stylets

Optical stylets can be used as an alternative option
in managing difficult airway in paediatrics. One of
the beneficial characteristics of optical stylets is that
it adapts to the natural curve of the airway, allowing
intubation without aligning the oral, pharyngeal,
and tracheal axes. Some of the limitations are that
they cannot be used for nasal intubation; small lens
can be obscured with blood and secretions. Some of
the examples of optical stylets that are available in
market are Bonfils (Karl Storz) and Shikani Optical
Stylet (SOS; Clarus Medical).

PEARLS IN MANAGING PAEDIATRIC DIFFICULT
AIRWAY

Some of the clinical pearls in managing paediatric
difficult airway are:

1. Do not panic, remain calm. Panicking is not
going to make things better. Call for help early.

2. Maintain spontaneous ventilation at all times
until airway is secured.

3. Use supplemental oxygen at all times during
tracheal intubation attempts either via nasal
cannula, nasopharyngeal airway,
bronchoscopic adapter, side port of rigid
bronchoscope or intubating mask.

4. Always have SAD standby.

5. Have a well-structured airway plan with
multidisciplinary approach including the Ear
Nose and Throat team.

CONCLUSION

Paediatric patients with anticipated difficult airway
should be cared for only in a tertiary care facility
with qualified caregivers, including paediatric
anaesthesiologists and appropriate surgical support.
Current practice guidelines and recommendations
should be reviewed and practised so that the
individuals and institution can be ready to act



quickly when problematic airway scenarios arise.
Skills with rescue airway techniques, including
indirect VL, SAD-assisted fibreoptic bronchoscopy,
and needle cricothyrotomy should be acquired and
maintained using simulation or clinical practice
in the none-emergent scenario. As the study of
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INTRODUCTION

Malaysia’s population is ‘greying’. The percentage
of the elderly population, defined as those who are
65 years and over, has risen over the past several
years: 4.94% in 2010, 5.98% in 2015 and 7% in 2020.!
By 2030, the elderly proportion of the population is
estimated to rise to more than 15%.> Greying of the
population can be expected to increase the number
of surgeries performed in the elderly. This situation
poses unique challenges to the anaesthesiologists
because not only advance age affects anaesthesia
administration, it also has a negative impact on
peri-operative outcome. This article intends to
discuss the latest update with regards to the optimal
anaesthetic care of the elderly. It is not meant to be
comprehensive, but rather to focus on some of the
most significant issues in this area.

PRE-OPERATIVE ASSESSMENT

Elderly patients have high prevalence towards
comorbidities, which may significantly affect their
anaesthetic care peri-operatively. Pre-operative
assessment of the elderly patients is important to
detect the presence and severity of the comorbidities.

Technically, the American Society of Anesthesiologists
(ASA) physical status score does not include age
as a criterion. However, many anaesthesiologists
routinely assign an ASA II classification to otherwise
healthy patients over 65 years old. This practice
should probably be revised because age by itself
does not necessarily increase the peri-operative risk.
Instead, increased peri-operative risk is most likely
due to underlying comorbidities.

‘Routine’ pre-operative testing is no longer
recommended in the elderly.?® Studies have found
no difference in complications among patients
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who received routine pre-operative testing e.g.
electrocardiogram (ECG), full blood count and renal
function test, compared with those who underwent
the indicated tests based on individualised medical
conditions.*

Neurocognitive Assessment

Elderly patients are at a high risk of post-operative
cognitive dysfunction (POCD).> Some cases may be
reversible; however, in a small percentage of patients,
the cognitive decline persists for a long term. This
cognitive decline appears to accelerate after surgery
in elderly patients who were diagnosed with pre-
existing cognitive impairment.’ Thus, the ASA Brain
Health Initiative guidelines suggest that baseline
cognition should be evaluated in all patients older
than 65 years. Conclusive evidence on specific
anaesthetic practice to prevent POCD is pending,
but the role of dexmedetomidine, an a-2 agonist,
may be promising.®

Cardiopulmonary Reserve Assessment

Elderly patients are vulnerable to peri-operative
cardiac adverse events. Strict adherence to the
American College of Cardiology/American Heart
Association clinical practice guidelines may reduce
unnecessary cardiac complications.” The online-
based American College of Surgeons National
Surgical Quality Improvement Program risk
calculator has been recommended in the guidelines.
Routine pre-operative ECG is common but has been
shown to be less specific and is thus of limited value
in predicting post-operative cardiac complications
compared with the severity of comorbidities.®
Echocardiography may instead provide insights
into ventricular function and valve status and may
be considered in patients with significant cardiac
comorbidities.’



Pulmonary reserve decreases with ageing. A
metabolic equivalent (METs) is a simple and easy
way to screen for exercise intolerance. However,
the cardiopulmonary exercise test (CPET) may
be a more reliable method than METs to predict
peri-operative risk. If the CPET is unavailable, the
inexpensive six-minute walk test may be used.!
This test requires the patient to walk continuously
for six minutes; the further the distance covered, the
better the functional capacity. Pre-habilitation, the
practice of enhancing a patient’s functional capacity
before surgery, is an important measure in reducing
the risk of post-operative complications among the
elderly. The areas of intervention are mainly, but not
limited to, muscle, cardiac and respiratory functions.

Renal Function Assessment

The glomerular filtration rate, creatinine clearance
and renal functional reserve decline with ageing.
These parameters may be underestimated by the

Table I: Frailty Criteria
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renal function test alone." This declining effect is
compounded by underlying comorbidities and may
lead to further deterioration of renal function. Plasma
concentration of renally excreted intravenous (IV)
anaesthetic agents may be increased.”? In addition,
the elderly’s kidneys are more vulnerable to the
nephrotoxic effects of IV contrast and medications,
such as nonsteroidal anti-inflammatory drugs and
certain antibiotics.

Frailty Assessment

Frailty is an important concept worth emphasizing.
This condition refers to the decreased physiological
reserve and resistance to stressors. The degree
of frailty is a predictor of poor outcome in the
elderly.!®" Pre-operative frailty (Table I) is associated
with increased risk of post-operative mortality,
prolonged hospital stays and functional decline. The
frailty score can aid patients and clinicians to make
reasonable informed decisions.

Shrinking (weight loss)

Unintentional weight loss >4.5kg in the past year

Weakness (grip strength)

Lowest 20™ percentile measured by hand-held dynamometer

Exhaustion Feeling exhausted 3 or more days a week

Activity level Low physical activity, i.e. kilocalorie expenditure less than 20™" percentile for
gender

Walking speed Slow walking speed, defined as lowest 20" percentile walking 15 feet at

normal pace

Yes = 1; No = 0 — Total the number of points for each criterion.

0-1: Not Frail
2 - 3: Intermediate frail

} Please notify surgeon
4 - 5: Frail

Reproduced from: Makary MA, Segev DL, Pronovost PJ, Syin D, Bandeen-Roche K, Patel D, et al. Frailty as a predictor of
surgical outcomes in older patients. | Am Coll Surg. 2010;210:901-8
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Medication History Assessment

The elderly commonly takes more than ten types
of medications a day. The incidence of drug-related
adverse event therefore can be expected to be high
in this age group.

Dual-antiplatelet therapy or oral anticoagulants may
preclude the use of a neuraxial anaesthetic technique.
Patients with high risk of thromboembolism might
require bridging therapy, in which extra caution
may be required for those with reduced renal
function. Monoamine oxidase inhibitors may lead
to potentially fatal interaction with pethidine and
ephedrine. The pre-operative use of psychotropic
medications may be associated with increased risk for
post-operative delirium. For patients with impaired
cognition, H1 antagonists and anticholinergic
agents, such as scopolamine or atropine, should be
avoided.

Patients with dementia are occasionally treated
with cholinesterase inhibitors, e.g. memantine and
rivastigmine, which may lead to reduced plasma
cholinesterase, thereby prolonging the action
duration of suxamethonium. This treatment may also
reduce the effects of non-depolarising neuromuscular
blocking agents. Thus, high doses are required to
achieve a proper degree of neuromuscular blockade.
Neuromuscular monitoring may be required intra-
operatively.

Nutritional Status Assessment

Elderly patients often lack appetite and may be
malnourished. Malnutrition is a frequent yet often
overlooked problem in pre-operative elderly patients.
Optimising nutritional status is thus important to
reduce post-operative complications and enhance
recovery. Prolonged fasting time should be avoided
unless indicated. Studies have shown that fasting
times last longer than recommended, with 15 hours
fasting being related to increased cardiac stress and
hypothermia.?

58

COVID-19 Screening

The year 2020 marked a major change in healthcare
and overall human lifestyle after the declaration of
COVID-19 pandemic. This change is especially true
for the elderly population. According to studies,
advanced age is significantly associated with high
morbidity and mortality in COVID-19 infection
and the elderly can thus be regarded as high-risk
population.?® This condition is attributed to the
weaker immune system of the elderly compared
with the younger population.

COVID-19 has a long period of incubation.
Therefore, the possibility of undiagnosed infection
should not be neglected. Appropriate screening
needs to be conducted in accordance with the risk
stratification followed by confirmation test. For
example, an elderly patient from a nursing home
may be considered to have moderate probability
for COVID-19, and confirmation test should
be conducted pre-operatively. According to the
outcome of massive screening activities started on
4" May 2020 in Malaysian nursing homes, COVID-19
was present in 8% of these centres.”

INTRAOPERATIVE MANAGEMENT
Regional versus General Anaesthesia

The mode of anaesthesia should be guided by surgical
requirements, comorbidities and patient preferences.
Between general and regional anaesthesia, studies
have shown no difference in the outcome including
a 30-day mortality.? However, compared with
general anaesthesia, regional anaesthesia favours a
shorter length of stay. Other advantages of regional
anaesthesia include sympatholytic effects that
may reduce blood loss, fewer incidence of deep
vein thrombosis and provision of analgesia in the
immediate post-operative period.

In the era of COVID-19 pandemic, guidelines
have recommended regional anaesthesia as the
anaesthesia technique of choice, where appropriate.*
Regional anaesthesia is preferred because general
anaesthesia may be aerosol generating, causing



potential infective harm to healthcare personnel
and detrimental complications of undiagnosed
COVID-19 patients undergoing such procedures.
Although these methods are operator- and skill-
dependent, regular practice, especially with
ultrasound guidance, may improve the outcome. In
general, the choice of opting for regional anaesthesia
must still be balanced on a case-by-case basis against
potential risks.

Monitoring

Standard ASA monitoring, including that of
oxygenation, ventilation, blood pressure (BP), heart
rate and temperature, are necessary regardless any
mode of anaesthetic techniques in elderly patients.

Pieces of evidence prove the invasive monitoring
for these patients. Intra-operative hypotension may
contribute to a cardiac event, which is detrimental.
Vasoconstrictor agent is often necessary
elderly, either in small boluses or in continuous
infusion. Elderly patients with pre-existing severe
cardiovascular disease should be monitored with
intra-arterial BP monitoring during major surgery
with anticipated rapid blood loss or large fluid shifts.

in

Central venous catheterisation is recommended
when vasoactive drugs are anticipated. Pulmonary
artery catheters have not been proven to be
beneficial in elderly patients and are not routinely
recommended.® Alternatively, non-invasive cardiac
index monitoring has been shown to be reasonably
reliable in elderly patients in guiding goal-directed
haemodynamic therapy peri-operatively.® If
available, transoesophageal echocardiography
may also be used when severe haemodynamic
compromise is anticipated.””

Fluid Management and Blood Transfusion

Given the labile BP of the elderly, adequate volume
status is important to ensure the effective myocardial
contractility and adequate tissue perfusion. Fluid
management in elderly patients with heart failure
can be especially challenging. At present, evidence
is still lacking to guide optimal fluid therapy in
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this group of patients.®® Clinical judgment based on
meticulous monitoring of volume status and tissue
perfusion remains the most important factor.

The recent National Institute for Health and Care
Excellence guideline recommends the restrictive
blood transfusion threshold at haemoglobin of
7.0g/dL for patients who are free from major
haemorrhage, acute coronary syndrome (ACS) or
chronic anaemia and a haemoglobin threshold of
8.0g/dL for patients with ACS.”

SELECTION AND DOSING OF ANAESTHETIC
AGENTS

Ageing is associated with progressive losses of
functional reserve in all organ systems, reduced
brain size and neuronal density. Pharmacodynamic
sensitivity increases with age for all sedative
agents including opioids, benzodiazepines and
volatile anaesthetics, with exaggerated respiratory
depressant effects.

Short-acting agents are preferred with reduced initial
doses and with a long interval between repeated
doses if indicated. Minimal alveolar concentration
decreases for all volatile anaesthetic agents.*® End-
tidal brain equilibration is prolonged, resulting in
late onset of bi-spectral index change detection. The
dose of inhalational agents should also be decreased
by approximately 6% per decade after the age of 40
years.*!

Anxiolytics

The elderly population shows an increased brain
sensitivity towards anxiolytics, decreased clearance
and increased volume of distribution.® Hence, a
reduction in midazolam dose is necessary, with
a prolonged interval between additional doses
if indicated. Midazolam may occasionally cause
paradoxical worsening of agitation in elderly
patients. Caution is also required when fentanyl
is concomitantly administered with midazolam.
Long-acting benzodiazepines, e.g. lorazepam and
diazepam, are not recommended for the elderly.
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Sedative Agents

Given the risk of hypotension, the dose of induction
agents are usually reduced by 20% to 30% and bolus
injections should be administered with titrations.
Etomidate is often the preferred anaesthetic
induction agent for elderly patients with known
cardiovascular compromise or haemodynamic
instability owing to its minimal haemodynamic
side effects. This drug is also commonly used in
elderly patients with unknown cardiovascular and
intravascular volume status.

The median effective dose of dexmedetomidine
is low in older adults. Thus, a low loading dose of
30% to 60% is required for elderly patients. Apart
from the low incidence of POCD, dexmedetomidine
attenuates peri-operative stress and inflammation
and protects the immune function of elderly
patients.#® Thus, this drug may contribute to
decreased post-operative complications. Very-low-
dose nocturnal dexmedetomidine (0.1-0.2mcg/
kg/hour) may also provide beneficial effect in
preventing intensive care unit delirium, without
causing any adverse related to this drug at higher
doses.

Opioids

All opioids are approximately twice as potent in
the elderly due to the age-related increased brain
sensitivity to opioids.®® For ultra-short-acting
remifentanil, the decreases in volume of distribution
and clearance lead to a 50% reduction of the dose
required. Morphine presents an enhanced analgesic
effect and prolonged duration of action in elderly
patients. This finding is due to the reduced renal
clearance of the drug and its active metabolite,
morphine-6-glucuronide. Clearance is further
reduced in patients with renal insufficiency. Thus,
morphine should be used with extra caution.
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POST-OPERATIVE PAIN MANAGEMENT

Inadequate pain relief is associated with increased
incidence of delirium and morbidity in the elderly.
Although pain perception decreases with age,
post-operative analgesia is a critical aspect of peri-
operative anaesthetic care of elderly patients.*

A multi-modal and opioid sparing approach for
pain management is currently widely accepted to
reduce the risk of opioid-related side effects. This
approach includes the employment of paracetamol,
selective cyclooxygenase-II inhibitors, neuraxial
anaesthesia and ultrasound-guided nerve blocks.
In the era of COVID-19 outbreak, opioid sparing
anaesthesia is also important because it allows early
re-mobilisation, shortens hospital stay and reduces
the risk of hospital-acquired infection.

For mild post-operative pain, paracetamol is one of
the best choices, unless contraindicated. Paracetamol
IV may be used when oral or rectal administration
is not an option. For moderate to severe pain, the
addition of scheduled paracetamol to an opioid
patient-controlled analgesia (PCA) results in a
synergistic effect in pain control and has been
shown to lower overall opioid requirement.*® For
those who are unable to use PCA due to cognitive
dysfunction, age-adjusted regular doses of IV or
subcutaneous analgesics are reasonable alternatives.

CONCLUSION

Elderly patients are uniquely susceptible and
particularly sensitive to the stress of hospitalization,
surgery and anaesthesia in ways that are only
partially understood. Accordingly, minimizing
perioperative risk in elderly patients requires
thorough pre-operative assessment of organ function
and reserve, careful intra-operative management of
coexisting morbidities, and vigilant post-operative
pain management.
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INTRODUCTION

Congenital heart disease (CHD) complicates 0.8
percent of all live births worldwide. In this era,
more than 80 percent of neonates with moderate
to complex CHD survive to adulthood. The vast
majority of women with cardiac disease will have an
anaesthetic intervention in their lifetime. Inevitably,
they will be referred to anaesthesia clinics either
for regional analgesia for labour or anaesthesia for
operative delivery.

CASE-SCENARIO

A 26-year-old woman Gravida 2 Para 1 at her 35
weeks of gestation with a background history of
surgically repaired Tetralogy of Fallot with residual
ventricular septal defect was referred from cardiac-
obstetric combined clinic for early anaesthetic
assessment. She had surgical repair at the age
of six years old. However, she did not have any
record documenting type of surgical repair or any
complications postoperatively. Due to her husband’s
work, her first pregnancy was followed up in one
of the tertiary hospitals in southern Malaysia. Her
pregnancy which was two years ago was uneventful
and she had an assisted vacuum vaginal delivery
without epidural analgesia. At that time, her
echocardiography showed left ventricular ejection
fraction (LVEF) of 60-65%, residual ventricular septal
defect (VSD) flow of 140mmHg, mild tricuspid
regurgitation (TR) with pulmonary artery systolic
pressure (PASP) of 28mmHg. Her postpartum
period was uneventful.

Due to logistic reason, she requested for further
follow-up for her current pregnancy in our centre.
She has been tolerating her current pregnancy well
without having any failure symptom. She had good
exercise tolerance with baseline observations of
systemic arterial oxygen saturation of 96-99% on air,
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arterial blood pressure 110/70mmHg, and heart rate
of 90 beats per minute in sinus rthythm. Pansystolic
murmur was heard all over the precordium.
Echocardiography showed dilated right atrium
and ventricle, residual VSD with peak pressure
gradient (PPG) of 120mmHg, moderate TR with
PASP 52+3mmHg, LVEF 68% with paradoxical IVS
movement. She was commenced on oral sildenafil
25 milligram three times per day. She was allowed
for vaginal delivery with shortened second stage.

1. What is the best labour analgesia that you
could offer her?

2. What is your anaesthetic plan should she need
emergency Caesarean section?

DISCUSSION

Congenital heart disease (CHD) complicates 0.8%
of all live births worldwide. In this era, more than
80% of neonates with moderate to complex CHD
survive to adulthood. Over the last two decades
and in the future, the number of pregnant women
with CHD is and will steadily grow thanks to
the advancement in medical imaging, surgical
intervention and post-operative care which
improves survival to adulthood. The vast majority
of women with cardiac disease will have an
anaesthetic intervention. Parturient will be referred
to anaesthesia clinics either for regional analgesia
for labour or anaesthesia for operative delivery.
After a period of follow up in special cardiac centre,
most of them will be discharged for continuation
of care in other tertiary centres. Unfortunately,
in our country, there is still a lack of a dedicated
database or networking compiling the information
of patients with congenital heart disease. Brief yet
concise information allows effective communication
between centres that have been previously and are
currently taking care of the parturient.
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Comprehensive understanding of the individual
patient’s cardiac anatomy, previous operations, and
current physiological changes during pregnancy
is crucial to ensure a successful delivery. Detailed
multidisciplinary planning and regular antenatal
review may allow the parturient to have smooth
labour or Caesarean delivery. Anaesthesia planning
should include mode of analgesia or anaesthesia
with the least haemodynamic compromise.

The pregnant woman with cardiac disease, whether
congenital or acquired, should be seen as early as
possible in her pregnancy. The optimal management
of women with pre-existing cardiac disease begins
best before conception. Normal physiologic changes
of pregnancy and childbirth are the greatest
cardiovascular challenge of a woman'’s life. Most
are tolerated well in normal parturient but may
exacerbate or worsened in women with pre-existing
cardiovascular disease. Arrhythmias and cardiac
failure are the most common morbidities in adult
with CHD (11%), while mortality is 0.5% which
is considerably low compared to parturient with
valvular heart disease or cardiomyopathy.*

Four major changes that are important in the
presence of cardiovascular disease are the increase in
blood volume, heart rate, cardiac output and stroke
volume, reduction in systemic vascular resistance
(SVR), labour physiology and hypercoagubility
state. Maximal haemodynamic load is reached
during the second trimester. However, there are two
important peaks that may tilt a pregnant lady with
underlying cardiac disease towards cardiac failure.
The first is towards the end of the second trimester
of pregnancy which coincides with the plateau of the
haemodynamic load during pregnancy. The second
peak occurs in the peri- and early postpartum period
putting parturient susceptible to volume overload
and heart failure? In the immediate postpartum
period there is an exaggerated 70 to 80% increase in
cardiac output contributed by auto-transfusion, loss
of low resistance placental circulation and relief of
vena cava compression.

During antenatal assessment, a high index of
suspicion should be considered in pregnant women
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with unexplained tachycardia, hypotension, a
new onset of resting shortness of breath, chest
pain, severe orthopnoea requiring more than four
pillows, paroxysmal nocturnal dyspnoea, and
palpitations associated with symptoms such as
collapse or syncope and saturation <94% with or
without personal history of CHD. During physical
examination, there may be an elevated JVP,
hepatomegaly, a new regurgitant murmur, and
bibasal crepitations. These warning signs should
be sought during clinical assessment as it could
indicate exacerbation of known or undiagnosed
cardiac disease.

The modified WHO risk stratification system
(mWHO) is most widely accepted and validated
in pregnant women with known cardiovascular
disease.* Such risk stratification also provided
guidance on resources a parturient with heart
disease may require, or whether she will need to
be transferred to a tertiary care facility for delivery.
WHO Class III defects are associated with a high
risk of morbidity and increased risk of maternal
mortality. This include the diagnoses of mechanical
heart valves, systemic right ventricle lesions, the
Fontan palliation, unrepaired or palliated cyanotic
lesions, Marfan syndrome with aorta <40 mm, severe
systemic atrioventricular (AV) valve regurgitation,
asymptomatic left ventricular outflow tract stenosis
with gradient >50mm Hg, left AV valve stenosis
with valve area <2.0cm? and systemic ventricular
ejection fraction 30-40%.

Pregnancy is highly discouraged in WHO class IV
pregnancy (include severe symptomatic aortic valve
stenosis, severe left AV valve stenosis, pulmonary
hypertension, systemic ventricular ejection fraction
<30%, New York Heart Association (NYHA)
functional class III and IV, Marfan syndrome with
aorta >45mm, bicuspid aortic valve with aorta
>50mm, and severe coarctation of the aorta. These
patients should be encouraged to proceed with
surgical correction before pregnancy to allow for
a lowerrisk future. Termination of pregnancy
should be discussed with empathy. A women with
mWHO class III and IV who wishes to continue
with her pregnancy should be managed ideally in a



tertiary centre by a pregnancy heart team members
consisting of maternal fetal medicine subspecialist,
obstetric anaesthesiologist, and cardiologist with
subspecialty in congenital heart disease, cardiac
surgeon, cardiac anaesthesiologist, neonatologist,
and mental health specialist.

Progression of pregnancy may lead to further
complications, for example, pre-eclampsia, multiple
pregnancies and hypertensive disease of pregnancy.
Thiswilllead to inevitable increase in haemodynamic
load and failure to meet the needs and subsequently
increase the risk of cardiovascular complications in
vulnerable patients.’

Multidisciplinary Delivery Planning

Formalised multidisciplinary care should be
planned at 32 to 34 weeks of gestation or even earlier
in ill parturient.® Operative delivery is indicated for
obstetric reasons or destabilized maternal condition.
Other indications include women who are on
anticoagulant who has not been switched to heparin
two weeks prior to delivery, Marfan’s syndrome
with aortic diameter more than 45mm, and acute
or chronic aortic dissection. A stable cardiac disease
alone is not an indication for a Caesarean delivery
as it has not been shown to confer additional
benefit.” Nevertheless, in the highest risk patients,
elective Caesarean delivery may be preferable as
it allow attendance of all experts and avoidance of
emergency delivery. Anaesthetic assessment should
clearly outline necessary plan for both elective and
emergency situations and this should be conveyed
to the mothers and other parties involved in their
care. Additional contingency plans that should also
be considered are the possible need of perimortem
Caesarean section or extracorporeal membrane
oxygenation (ECMO). Anticoagulation must be
carefully reviewed and managed during pregnancy
and adjusted accordingly to allow feasibility of
neuraxial analgesia or anaesthesia and delivery.
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Anaesthetic Management for Labour and
Delivery

Analgesia

The aim of labour analgesia in parturient with cardiac
disease is to provide an efficacious analgesia while
maintaining a stable maternal haemodynamic and
fetal circulation. Labour analgesia may be provided
via an epidural or intravenous route. An epidural
route is preferable, and a working epidural may
provide an advantage should the mother require
emergency Caesarean section. Early initiation
of labour epidural is advisable at the onset of
discomfort in spontaneous labour or first sensation of
contractions for induced labour. Epidural technique
should take into consideration of providing sacral
nerve root coverage for assisted second stage.
Epidural-only or combined spinal-epidural (CSE)
techniques can be performed. If adopting CSE
technique, intrathecal opioid alone without the
addition of local anaesthetic may provide a slower
onset of sympathectomy. Presence of cerebral spinal
fluids (CSF) via spinal needle provides a definitive
end point for the likely positioning of the epidural
needle tip within the epidural space.

A dural puncture epidural (DPE) technique has been
increasingly popular with possible benefit of better-
quality epidural analgesia with more successful
sacral nerve root coverage® The technique is
similar to CSE, but the medication is not given via
intrathecal route. All medications for analgesia or
anaesthesia are introduced through the epidural
catheter into the epidural space relying on the
dural puncture that acts as conduit for medication
translocation. By avoiding direct intrathecal
medication administration, fewer adverse effects
such as hypotension, itchiness and asymmetrical
block are observed with DPE compared to CSE.? This
is of particular advantage in pregnant women with
heart disease. However, the technique chosen should
be according to the anaesthesiologist or institution
experience and familiarity. It is more important to
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ensure that the epidural is providing satisfactory
analgesia and haemodynamic stability via regular
review. Early recognition and replacement of
ineffective epidural alleviate the risk of emergent
conversion to general anaesthesia should the need
for emergency Caesarean section arises. In a cardiac
patient deemed to have a detrimental effect of
inadvertent intravascular adrenaline, a test dose
with local anaesthetic alone should be considered.

(Option of labour neuraxial technique )
T

[ I
: Combine spinal
[ Epidural j [ epidural j [
I

Consider

1
Dural puncture
epidural

Successful
= Lost of Resistance (LOR) Intrathecal coverage of
technique with saline for opioids only sacral nerve root

intra/extracardiac

= Test dose without
adrenaline

Figure 1: Neuraxial technique that may be employed
for labour analgesia

Haemodynamic Monitoring

Labouring mother with cardiac disease should
have continuous haemodynamic monitoring to
help predict and prevent maternal cardiac or
obstetric events. The extent of monitoring is highly
dependence on severity of underlying cardiac
disease and anticipated perioperative cardiovascular
and obstetric complication.

Continuous  pulse  oximetry  with  visible
pletymosgraphy display and audible alarms should
be available. This allows detection of desaturation
that may indicate shunt reversal due to drop in
SVR. It may also aid in rapid determination of
abnormal ECG activity versus artefact due to
shivering or movement. Continuous 5-leads ECG
allow detection of arrythmias or ischemia. Invasive
arterial blood pressure monitoring should be
considered in labouring parturient with high risk
of haemodynamic instability during cardiac or
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obstetric complications. It allows commencement or
titration of inotropes or vasopressors and sampling
of arterial blood gas. In a scenario where Caesarean
delivery is needed, continuous arterial monitoring
may allow careful titration of epidural top-up or
anaesthestic drugs if general anaesthesia (GA) is
required instead. Central venous pressure (CVP)
value may not be reliable in spontaneously breathing
and constantly moving labouring parturient, but
it helps in haemodynamic management in high
risk group that are prone to have pulmonary
oedema, hypotension or peripartum haemorrhage.
It also aids in vasopressors, inotropes and other
resuscitation drug administration. Pulmonary
artery catheter is rarely used although it may guide
titration of pulmonary vasodilators in patient
with severe pulmonary hypertension. As epidural
and invasive monitoring are inserted in an awake
parturient, caution should be taken by maintaining
communication and adequate local anaesthetic
infiltration to reduce cardiac stress secondary to
pain and anxiety.

Anaesthesia for Caesarean Delivery

Neuraxial anaesthesia is generally preferable in
most parturient with cardiac diseases as it avoids
potential detrimental haemodynamic instability
post induction and emergence. Maternal airway
is a potential difficult airway. Volatile agents may
also lead to uterine relaxation and further putting
the vulnerable parturient at risk of postpartum
haemorrhage. Positive pressure ventilation leads
to further increase in pulmonary artery pressures
and right ventricular pressure in parturient with
pulmonary hypertension. As neuraxial anaesthesia
leads to reduction in SVR, consideration should
be given to modify neuraxial technique especially
in patients with left ventricular outflow tract
obstruction or cyanotic congenital heart disease.
Different modes of neuraxial anaesthesia are
summarized in Table I. Nonetheless, there are
situations that may provide advantage with GA:
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Table I: Different modes of neuraxial anaesthesia for parturient with cardiovascular pathology

Neuraxial technique

Advantages

Disadvantages

Single shot subarachnoid
block

Reliable, fast onset

Rapid drop in SVR, BP causing
decompensation in most cardiac parturient
making it less favorable technique

Epidural anaesthesia

Gradual onset ensuring
haemodynamic stability

* Less dense block

¢ Asymmetry block

* Greater incidence of inadequate anaesthesia
* Risk of emergent conversion to GA

Combined spinal epidural
anaesthesia

Combining reliability and symmetry
of initial spinal flexibility of epidural
for extension of desired level of block

Concerns about the risk of the untested
epidural catheter

Continuous spinal
anaesthesia (CSA)

¢ Allow fine control of
block characteristics

¢ Good cardiovascular
stability

¢ Unfamiliar technique to many anaesthetists
* Higher incidence of post dural puncture
headache

Benefits of haemodynamic stability that CSA can
provide may outweigh the risk of complications from
this technique.

BP, blood pressure; GA, general anaesthesia; SVR, systemic vascular resistance.

Table II: Example of anaesthesia conducts in parturient with cardiac disease. Adapted with permission from
Obstetric Anaesthesia and Analgesia Service (OAS) 2014, Hospital Kuala Lumpur."

GA

Neuraxial Anaesthesia

Pre-induction

* Maintain sinus thythm (phenylephrine infusion can help maintaining heart rate)

* maintain good cardiac output (might need dopamine or dobutamine infusion) to
prevent hypotension. (MAP to keep at baseline of above 70mmHg)

¢ Invasive line i.e. arterial line and CVP monitoring prior to regional/GA

o Left uterine tilt

Induction

¢ Induction agent of choice-
etomidate 0.2mg/kg,

¢ Titration midazolam up to 5mg

* High dose opioid-IV fentanyl
10-15pg/ kg during induction.

* Muscle relaxant-suxamethonium
can induce bradyarrthhmias.
Consider rocuronium and ensure
sugammadex availability

* Low dose sequential CSE
o Spinal (0.5-1ml of heavy 0.5% bupivacaine)
+ 25ng fentanyl
o Epidural drug: (2% of lignocaine in
1:200 000
Adrenaline), 3-5ml every 5 minutes until
T5-T6 is reached.

Uterotonic agent

Oxytocin 5unit in 5cc N/S over 5mins then followed by 40unit in 40ml NS to run 5-10ml/hr

Analgesia Morphine, TAP block + PCA Epidural morphine/epidural local anaesthetic
morphine with fentanyl
Reversal ¢ Sugammadex

or
* mixture of glycopyrrolate with
neostigmine

Postoperative Monitoring

ICU or HDU

CSE; combined spinal epidural; CVP, central venous pressure; GA, general anaesthesia; HDU, high-dependency unit; ICU,
intensive care unit; MAP, mean arterial pressure; PCA, patient-controlled analgesia, TAP; transversus abdominis plane block.
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e Parturient that has high likelihood of
rapid haemodynamic deterioration/ongoing
haemodynamic disaster

¢ Inability of parturient to lie flat

¢ Avoiding the need for emergent intraoperative
conversion to GA

¢ In parturient with morbid arrhythmias that may
require intraoperative electrical cardioversion

¢ Allowing trans-oesophageal echocardiography
(TOE) insertion

* Avoiding risk of spinal or epidural haematoma
in
oParturient on maintenance anticoagulant,

inhaled nitric oxide or pulmonary vasodilators
o Parturient requiring ECMO institution

¢ Experienced anaesthesiologist well versed with
special haemodynamic of complex, sometimes
uncorrected congenital heart, or end stage heart
disease with ventricular assist device

No particular anaesthetic technique is superior
from the other but cardiovascular stability is the
ultimate goal. Pre-induction preparation should
include ensuring the availability of all basic
and advanced cardiovascular monitoring. As it
had been emphasized before, the planning for
monitoring invasiveness and contingency plan
is highly dependent on maternal cardiovascular
status, underlying cardiac pathology and obstetric
complications. Postoperative monitoring should
continue in high dependency or intensive care unit.

Vasoactive medications are now being recommended
as prophylaxis against hypotension following
spinal or combined spinal-epidural anaesthesia at
Caesarean section.’® Women with cardiac disease
should be assessed on an individual basis. Vasoactive
medications should be chosen according to their
desirable pharmacological properties in lieu with
parturient cardiovascular response. Phenylephrine
is currently the recommended vasoactive
medication to maintain SVR post spinal anaesthesia.
Some parturient may benefit further with additional
beta agonist activity provided by noradrenaline
or metaraminol. Left uterine displacement should
be adopted. Preloading or co-loading should be
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avoided in parturient prone to develop pulmonary
oedema.

Uterotonic Agent

Parturient with cardiac disease may have
exaggerated response to the adverse effects of
oxytocin and other uterotonics. Oxytocin
administration leads to peripheral vasodilatation,
hypotension, and increased cardiac output,
contributed by increase in heart rate and stroke
volume, which may not be tolerated well in
susceptible parturient.! In most situations,
oxytocin should be titrated carefully according to
the state of uterine contraction directly observed
by the obstetrician while maintaining vigilance at
haemodynamic monitoring. The decrease in SVR
from oxytocin can be counteracted by careful
titration of phenylephrine or maintaining vasoactive
medication infusion. A low dose infusion with 5
to 10 units per hour can be used post-delivery with
careful monitoring.

Ergometrine causes pulmonary vasoconstriction and
hypertension while prostaglandin F2oc (carboprost)
can cause severe bronchospasm, hypertension,
cardiovascular collapse and pulmonary oedema
making these two uterotonic agents unsuitable in
most cases. Surgical options such as an intrauterine
balloon that can be left in one to two days after
Caesarean section or vaginal delivery, uterine
compression sutures (e.g. B-lynch suture) should be
considered.

CONCLUSION

As we are moving into the next era of advanced
congenital cardiac surgical intervention, more
children will survive into adulthood. They
will be seen not only for non-obstetric surgical
intervention but may also require intervention for
their labour and delivery. Each case is unique and
different in presentation. Hence, multi-disciplinary
team approach is important for the successful
perioperative management of parturient with
congenital heart disease.
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