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Dear fellow anaesthesiologists,

Warm greetings from the
Anaesthesiologists (ISA)!

Indian Society of

I am truly honoured and humbled to take over as
President of this historical and esteemed democratic
organisation, with more than 39000 members,
especially because at this moment, the organisation
has just completed 75 glorious years of ISA.

As I take over the baton from my illustrious
predecessors, I believe that the ISA has to grow mainly
as a professional and academic body, well-respected
on the global front. Its visibility both in the national
and international arena has to improve. This does not
appear to be difficult if each one of us contributes to
it fruitfully at the city, state, and national levels. We
need to develop a memorandum of understanding
or collaborate with our colleagues from societies
of other subjects both in India and abroad to share
with them ideas, knowledge, and skills such that the
advances in our speciality will dissipate widely across
borders. Improvement in communication can serve as
a tool in this endeavour. The interaction with other
organisations will help improve the image of our
profession before the rest of the medical fraternity
both on the global and local fronts. Innovations and
skill sharing, and goal alignment can strengthen the
path of academic and clinical progress. We need to
exchange knowledge, coach each other, and teach each
other newer skills if we have to become academically
stronger. A collaborative and supportive environment
is needed for this and it can be provided by the ISA at
all levels, city, state, and nation.

Dear colleagues, thank you for your interest, support,
and cooperation in ISA activities in the past year. We
need it even more in the coming days. Your inputs are

Reflections, goals, hopes and expectations

always valuable. We all need to volunteer to make this
organisation a blessing to our members. We need to have
a larger participation of all our anaesthesia colleagues in
our organisation. This is critical to building the strength
needed for new regional and global opportunities.

Now, is the time to explore new prospects with a
broader view and get all the local and international
organisations in Anaesthesiology working together. We
can do this by surpassing boundaries and barriers. In
the coming days, we will encourage participation and
contributions from all allied speciality societies and
will make efforts to gather them all under the umbrella
of ISA. T envisage the setting up of an independent
college of the ISA which can impart teaching and
training in various aspects to anaesthesiologists and
others all over the world.

Death is inevitable, but preventing financial losses for
the dependents of the deceased is preventable. The
Family Benevolent Fund (FBF) is one such programme
of the ISA that helps the dependants of the deceased
anaesthesiologist financially. It is my earnest request
to all my fellow colleagues to please contribute to
the FBF and encourage others also to do the same. In
addition to this, all the other programmes of the ISA
have to be conducted with more enthusiasm and using
innovative methods.

I have succeeded Dr. Venkatagiri KM as President of this
organisation. The ISA was a vibrant and active body
during his tenure. I congratulate him and appreciate the
hard work done by Dr. Naveen Malhotra, the immediate
past dynamic Honorary Secretary of ISA National. My
team including the Vice President Dr. Mahesh Sinha,
the academic and committed Honorary Secretary
Dr. Sukhminder Jit Singh Bajwa, treasurer Dr. Manoj
Kumar, the Editor-in-Chief Dr. Rakesh Garg, and all the
members of the Governing Council is passionate about
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the activities and progress of the ISA. We will continue
with the knowledge, programmes and good traditions
passed over to us by our predecessors and will strive
hard to sincerely attempt to make the ISA leap to
enviable levels from its current glorious position through
education, growth, and development programmes.

There is no dearth of manpower. I am certain that
willpower and a strong passion to work for the ISA
will help my team achieve its goals.

Long Live ISA!
Jai Hind!
Dr. MV Bhimeshwar
President, Indian Society of Anaesthesiologists
Announcement
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“Water loses its purity from stagnation”....
Leonardo da Vinci

New knowledge needs to flow into any speciality of
science to keep it vibrant. The flow of new knowledge
starts from original research and observations. Novel
research questions are tested in research studies and
the results bring to light newer and useful strategies
that can be applied in clinical practice. The recent
advances in a speciality are portrayed by the contents
of the journals of that speciality, some of which are
translated into clinical practice.

Postgraduate (PG) students in anaesthesia have to
read their textbooks and do clinical work to acquire
knowledge. However, textbooks are a compilation of
chapters with material taken from published journal
articles. They do not really depict the most recent
developments in the field. As per the PG curriculum of
the National Medical Commission, the students need
to be aware of the recent advances pertaining to their
speciality. The fourth paper of the theory examination
for the degrees of both, Doctor of Medicine (MD) and
Diplomate of National Board (DNB) includes questions
on recent advances in anaesthesia.l!! Students often
complain that there is a dearth of reading material
related to this topic. Furthermore, what was recent
yesterday, may not remain recent today. Ours is an
ever-evolving branch. The consultants in anaesthesia,

Sukhminder Jit Singh Bajwa, Madhuri S. Kurdi', Anila D. Malde?

Department of Anaesthesiology and Intensive Care, Gian Sagar Medical College and Hospital, Banur,
Patiala, Punjab, ‘Department of Anaesthesiology, Karnataka Institute of Medical Sciences, Hubli, Karnataka,
2Department of Anaesthesiology, L.T.M. Medical College and L.T.M.G. Hospital, Sion, Mumbai, Maharashtra,

Address for correspondence: Dr. Sukhminder Jit Singh Bajwa,
Department of Anaesthesia and Intensive Care, Gian Sagar Medical College and Hospital, Banur, Patiala,
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too, are yearning to know about the recent advances
in the speciality and this often makes them start
googling. Keeping this in mind, this PG issue of the
Indian Journal of Anaesthesia (IJA) is designed with
the novel theme of ‘Recent Advances’. The current
areas of major progress in different specialities of
our subject are discussed elaborately in this issue by
academic experts from different parts of our nation. It
is beyond doubt that anaesthesiology has progressed
from the speciality of ‘wine and opium’ to the current
era where a major part of it is driven by technology.

Technology today plays an important role in almost
every branch of anaesthesia. Airway algorithms,
second-generation supraglottic airway devices, video
laryngoscopes, fibreoptic techniques, extubation
catheters, transnasal humidified rapid-insufflation
ventilatory  exchange, and sugammadex and
rocuronium for rapid sequence induction have
changed the face of airway management and
improved patient safety. The use of ultrasound for
preoperative airway and gastric assessment sounds
the bugle of the supremacy of technology. Checklists
are now being used to improve patient safety in
perioperative care and improve surgical outcomes.
Intraoperative haemodynamic monitoring with 3D
echocardiography allows the real-time monitoring
of valve function, ventricular filling, and cardiac
contractility.” Point-of-Care ultrasound (POCUS) is
the new magic wand of the anaesthesiologist. The
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modern anaesthesiologist neither struggles to secure
an intravenous line or give a landmark-guided nerve
block nor gropes blindly for a difficult lumbar/epidural
puncture. He quickly gets the ultrasound probe and
smoothly manages the case. From the facilitation
of venous cannulation to guiding peripheral nerve
blocks, fascial plane blocks, and central neuraxial
blocks and predicting intraoperative hypotension with
the inferior vena cava collapsibility index, ultrasound
is an invaluable asset of the anaesthesiologist.?**!
In the intensive care unit (ICU) too, the ultrasound
plays a major role with its ability to diagnose
extravascular lung water in the lungs at an early stage,
increased intracranial pressure, conditions such as
pneumothorax, pneumonia, and pulmonary embolism
and in mechanical ventilation.!*1%

In addition to ultrasound, the modern anaesthesiologist
is equipped with modern tools such as risk prediction
tools, models, and indices which can be applied
to identify the high-risk surgical patient.'"'?! The
postoperative behaviour and outcomes of the patient
are thus no longer a suspense to the operating team
and the patient’s attenders. Early warning scores,
algorithms, and indices help to detect early chances
of clinical deterioration in the ICU, in the detection
of sepsis, and in the management of postpartum
haemorrhage (PPH), eg-The obstetric early warning
scores and the shock index have been used to recognise
and predict severe haemorrhage and the need for
blood transfusion.™ The role of point-of-care tests
to decide perioperative blood transfusion and in the
management of PPH has been very beautifully brought
out in two articles being published in this issue.'*4

Automated processing algorithms such as processed
electroencephalography (pEEG) of raw EEG traces
provide easy-to-use indices that can monitor the effect
of anaesthesia drugs on the cerebral cortex.!"® Their use
can optimise anaesthetic management. Propofol has
already washed away thiopentone and now the time
has arrived when intravenous drugs like remimazolam,
ciprofol, and remifentanil are likely to threaten the
empire of propofol, midazolam, fentanyl, and alpha-2
agonists. An article in this issue outlines the advances
in intravenous anaesthesia including target-controlled
infusions with automated closed-loop anaesthesia
delivery systems and pEEG.!%

Cardiac anaesthesia has its share of advancements
with the growing application of regional nerve blocks,
artificial intelligence (AI) including perioperative

4

echocardiography, and evolving anaesthetic strategies
for minimally invasive cardiac surgery.'”” The
intraoperative use of imaging, the resurgence of
ketamine, regional anaesthesia in neurosurgery,
the management of awake brain and spine surgery,
anaesthesia for functional neurosurgery, and
neurological malignancies are some major advances
in neuroanaesthesia.l'® The speciality of critical care
is now being revolutionised by the fast-expanding
indications of POCUS, newer tools in functional
haemodynamic monitoring, use of biomarkers in
diagnosis and therapy, analgosedation, the comeback
of colloids such as albumin, newer modes of
mechanical circulatory and respiratory support and
newer antimicrobials."

Robot-assisted laparoscopic surgery is commonly done
nowadays. Nonetheless, ambulatory robotic surgery
is a new area that is evolving and its indications
are growing fast. Newer intraoperative ventilation
strategies and multimodal analgesia play an important
role in improving patient outcomes in these cases.?"

The role of anaesthesia in minimally invasive foetal
surgery, open mid-gestation foetal procedures, and
ex-utero intrapartum treatment procedures is very
important and our understanding of these procedures
and expertise in their management is steadily
improving. This has been elaborately explained by the
authors in an article on recent advances in anaesthesia
for intrauterine and foetal surgery in this issue of the
IJA.2Y

Several strategies that have been already established
clinically in the west are now being tried out in our
country, but are facing difficulties in implementation.
Enhanced recovery after surgery (ERAS) is one such
strategy and is now a topic of interest for researchers
and clinicians.”? The concept of ERAS and its
implementation in the fields of onco-anaesthesia,
caeserean section and paediatric anaesthesia has
been elegantly touched upon in the articles in this
issue.!1323:241 ERAS protocols are now being followed
even in transplant surgery such as renal and liver
transplants.*! The advances in transplant anaesthesia
are thus proceeding in parallel with the advances
in surgical techniques, improved understanding
of immunology and rapidly developing laboratory
research.

Itis said that education is the backbone of development.
Training our young PG students means preparing the

Indian Journal of Anaesthesia | Volume 67 | Issue 1 | January 2023

Page no. 14



Bajwa, et al.: Innovative research and advancements

future generation of consultants. The advances in
anaesthesia and critical care have not spared the field
of anaesthesia education. The implementation of the
new competency-based medical education curriculum
is a good move in this regard and this has been very
elaborately described in another article on teaching
and training in anaesthesia in this issue.?"

It is clear that most of the advances in anaesthesia are
directed toward improving the safety of the patient and
improving patient comfort, satisfaction, and quality
of life postoperatively.’””” There is a huge potential
for further developments in technology that can aid
perioperative care in this direction. As discussed in
an article in this issue, advances in Al, telemedicine,
and blockchain technology are attempting to improve
perioperative care.*®

The physics of mechanical ventilation is one area that
most anaesthesiologists including PG students struggle
to understand. A unique article in this issue attempts
to help understand the concepts and the dynamics of
the equation of motion. The authors have taken great
pains to explain the exponential process in lucid terms
and with the help of mathematical concepts.’*”!

Today, the anaesthesiologist is a physician in the
operation theatre, in the critical care unit, and also
in the pain and palliative care clinic where all types
of pain are dealt with. Early integration of palliative
care into oncology is now being practised, wherein the
patient is referred to a palliative care clinic soon after
the diagnosis of advanced cancer. Chronic pain affects
more than 30% of persons in the world and can affect
their quality of life. A personalised, multidisciplinary,
multimodal approach is adopted nowadays for its
management. Two articles being published in this
issue describe the newer concepts and developments
in pain management and palliative care.[*2®

The race for advancement using technology is fast
progressing; however one has toremember that the risks
and benefits of technological advancements are two
sides of the same coin. Technological advancements
should always be directed toward improving patient
safety and the quality of perioperative healthcare.
They should not harm the patient and should always
serve as an adjunct and never as a substitute for
clinical judgment. Cutting-edge research and new
therapeutic tools or innovations should be adequately
disseminated throughout the world. The medical
fraternity is currently witnessing amazing advances
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including the development of next-generation
messenger ribonucleic acid (mRNA) vaccines,
drugs like inclisiran which can reduce low-density
lipoprotein levels, and an injectable (once-weekly) dual
glucose-dependent insulinotropic polypeptide and
glucagon-like peptide receptor agonist that can control
blood sugar and reduce glycosylated haemoglobin
levels in type 2 diabetes mellitus.*” Genome editing,
integrating genomics into clinical management, and
predicting cardiovascular comorbidities in patients
with hypertension with the help of AI are now the
new kids on the block in the research arena. Gene
expression occurs early following surgery. Modulation
of this expression can accelerate postoperative tissue
repair. Furthermore, the effect of different anaesthesia
techniques such as general anaesthesia and regional
anaesthesia on gene expression profiles can indicate
the stress and toxicity produced by the techniques.
This is currently being studied by researchers.?!

The world of anaesthesia and critical care is steadily
witnessing great innovations. At this juncture, we
should remember that it is research that leads to
advancements. Hence, all of us need to partake in the
research process and savour the various flavours of
research, be it the statistics of quantitative research
or the richness and depth of qualitative research.
Meanwhile, one cannot help but wonder....... what
will be the next technological breakthrough in
anaesthesia and critical care?
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Celebrating the platinum jubilee
year of ISA: Seventy-five years of
blissful team spirit and academic
progress

INTRODUCTION

From the demonstration of ether anaesthesia in the
ether dome to the advent of safer, more efficient,
and high-tech delivery systems, anaesthesia has
come a long way, and so has the Indian Society of
Anaesthesiologists (ISA). ISA was founded in the
independence year of our nation amidst a newly found
zeal to achieve unprecedented milestones. The vision
was the establishment of safe and uniform anaesthesia
practices across the nation while promoting high
professional standards.™

Among the various objectives behind the
establishment of the ISA, the foremost has been to
provide an organised environment for the collective
pursuit of academic interests and technical excellence
in anaesthesiology.”’ The sub-formations of this elite
society at different levels, including zonal, state, and
metro/city branches, have served as an effective means
to provide an organisational structure to the society.
Nevertheless, there have been constant efforts at the
ISA National Headquarters to encourage and provide
guidance toward the establishment of new city and
state branches, keeping in mind the fact that if an
organisation has to be strengthened, its roots need to
be expanded.

Consequently, as of 2022, ISA stands tall with 29 state
branches and 202 city branches, with their offices
led by extremely efficient and enthusiastic fellow
anaesthesiologists. With each new city chapter being
added under the prestigious banner of ‘ISA National’,
there has been a substantial expansion of opportunities
for ambitious and energetic anaesthesiologists from
different regions of the country.” These integrative
endeavours have led more than 39000 member
anaesthesiologists from all across the nation to join the
organisation and have the opportunity to contribute
and benefit from its various initiatives.

In its 75 glorious years, the ISA has strongly held
on to the tradition of bringing together professionals
and giving them a platform to share their wisdom

and voice their concerns with equal opportunity to
either gender.*! Various ISA-sponsored activities,
both academic®! and co-curricular, have fostered an
environment of mutual trust, respect, and lasting
collegial relationships amongst fellow members
of the society. Moreover, ISA has always held an
unwavering stance towards safeguarding the best
interest of anaesthesia practitioners in recognising
the medico-legal aspects and occupational hazards
associated with anaesthesia practice.®

To commemorate this sense of camaraderie and
the organisational virtue of stewardship, it became
imperative to observe platinum jubilee celebrations
('Amrit Mahotsav') in the year 2022 across the nation
and make it a grand event.

Platinum Jubilee Celebrations

To begin with, the ISA Platinum Jubilee Logo [Figure 1]
was designed to serve as a symbol of a unified and
cohesive association amongst the ISA members.
This logo was also incorporated on the ISA platinum
jubilee T-shirts, which were distributed to the office
bearers of all the state and city branches of the ISA,
again to reinforce this sense of unity. The Governing
Council of ISA instantaneously approved all the
proposals for academic activities under the banner
of ISA, like ISA-sponsored continued medical
education programmes, workshops, postgraduate (PG)
assemblies, etc. The 14" SAARC AA Conference 2022
was organised in Kochi, Kerala. It sailed through the
crests and troughs of the coronavirus disease (COVID)
pandemic in 2020 and considerations for a virtual
conference in 2021. Finally, it was successfully
conducted as a physical conference during the ISA
platinum jubilee celebrations.

Indian Society of
Anaesthesiologists

Figure 1: ISA Platinum Jubilee Logo

© 2023 Indian Journal of Anaesthesia | Published by Wolters Kluwer - Medknow 7

Page no. 17



Brief Communication

During the platinum jubilee year, the inaugural issues
of the Indian Journal of Anaesthesia (IJA) supplements,
viz the ISA-IJA eastern and north-eastern supplement
and ISA-IJA southern supplement, were released.
The PG issue of the platinum jubilee year of ISA
was unique in the sense that every aspect of the
anaesthesia curriculum and teaching was included in
it. IJA ranked 31* in the world in 2021 amongst all
anaesthesiology and pain journals, 42" in 2020 and
56" in 2019. Its impact score doubled in the last two
years and is now 1.53, which was 1.11 in 2020 and
0.78 in 2019. However, there were moments of intense
grief due to the sad demise of the Editor-in-Chief of
IJA, Dr. Lalit Mehdiratta on 17" February 2022.

The year 2022 saw many more academic
achievements. The practice guidelines of ISA on
preoperative investigations were released and
published in May 2022. ISA faculty pool contributed
to highly successful ISA online PG classes, which are
held every Monday. ISA online daily quiz was started
on the ISA website, and one question was asked per
day with instant results and explanations. There were
attractive monthly prizes according to participation
and correct responses.

ISA National Registry was launched on ISA APP
(ISA° NHQ) that enables anaesthesiologists to
confidentially record their clinical work and to
create a database of the work done in the field of
anaesthesiology across the country. A joint webinar of
ISA and the World Society of Intravenous Anaesthesia
(World SIVA) was conducted.

The long-standing dream of ISA to have its own
registered office was fulfilled in the platinum
jubilee year. The ISA National registered office ISA
Balakrishnan House’ at Chennai was inaugurated on
15" May 2022 with religious fervour.

There were regular showcases of the ISA Art and
Literary Club and ISA Cultural Club on different
occasions throughout the year, with active participation
by ‘ISAians’ (ISA members) across the country. ISA
social outreach programmes were organised, including
visits to old age homes and orphanages, appreciation
of the domestic caregivers, bearers and helpers, and
financial aid for blind school girls for procuring talking
pulse oximeters, talking thermometers and talking
blood pressure apparatus. Independence Day was
marked by an ISA plantation drive at the city level. ISA
platinum jubilee sports events were organised by ISA

8

Lucknow and ISA Delhi branches under the banner of
ISA Sports Cell. ISA leadership summit was organised
virtually with an interesting session by a leadership
coach and involving self-assessment tools and four
global experts who shared their thoughts on leadership.
ISA Legal Cell strongly supported the ISAians’ in their
medico-legal issues with full confidentiality. Under the
banner of the ISA Fit Anaesthesiologists Campaign’,
International Yoga Day was successfully celebrated by
ISA National and state and city branches. There was
a dedicated showcase of activities conducted by the
Society of Defence Anaesthesiologists and the Railway
Association of ISA. The ISA Private Practitioners Forum,
ISA Family Benevolent Fund, Indian Resuscitation
Council and ISA Financial Advisor continued their
activities regularly throughout the year.

To propel the gala towards its zenith, the ISA flame
event was announced to take procession over a fortnight
from 1% to 14™ October 2022, with a message to light
the spark of ISA in our hearts and celebrate the pride
of being identified as an ‘ISAian’. With the blessings
of the almighty and the stalwarts of our organisation,
we were successfully able to execute the brilliant
idea of carrying the torch, bearing the ISA flame
through all the state and city branches of ISA. The ISA
flame, which symbolises the relentless service of the
anaesthesia fraternity towards patient welfare and the
society at large, infused the spirit of solidarity amongst
all those who had the opportunity to hold this epitome
of courage and bravery in their hands. Each ISA state
chapter received its flame dispatched to them by the
ISA National Headquarters. It was then relayed amongst
their constituent city branches along a predefined
route map. It was enthralling to see the reception of
the flame as it arrived in different cities and marked
the conduct of various public awareness programmes
under the campaign ‘Know about anaesthesia, know
your anaesthesiologist’. There were demonstrations
by the anaesthesia residents and consultants about
the role of anaesthesiologists in various healthcare
settings, including trauma and emergency, operation
theatre, labour and delivery, intensive care, and pain
management centres. The keenness and enthusiasm
with which the general masses engaged in all these
activities were awe-inspiring. This freshly sparked
enthusiasm was harnessed by some city branches to
train the laypersons to initiate a structured response
towards a favourable outcome in the event of a
medical emergency through the compression-only life
support programme. This was followed by walks and
marches with educational slogans about anaesthesia
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and anaesthesiologists. These concerted efforts on the
national scale proved to be remarkable in bringing
together anaesthesiologists as a collective and unified
voice to advance patient welfare and public interest.”!
After this very productive public awareness initiative,
the valorous ISA flame arrived in the heart of the nation
with the honourable office bearers of various ISA state
branches for a comprehensive scientific programme
for the young and budding anaesthesiologists—the
second annual national conference, ‘YUVA ISACON
2022’ of the ‘YUVA ISA(youth ISA) at Gurugram,
Haryana. The second day of the conference, on
15" October 2022, was earmarked for the ISA platinum
jubilee celebrations.

To culminate the ISA flame event in a decorous
manner, a walkathon was organised at the ‘Kartavya
Path’, India Gate. All the dignitaries present at the
conference venue, along with the office bearers and
other member anaesthesiologists of the organisation,
dressed in the blue ISA T-shirts and entranced by the
beats of the ‘Bhangra’ (a popular folk dance of Punjab),
started their march towards the India Gate. It was
indeed a captivating sight - the eminent and dynamic
anaesthesia fraternity of the nation marching on the
‘Kartavya Path’, holding the ISA flame in their hands,
raising the ISA flag high, and bearing the ISA logo on
their hearts. It sent out a loud and clear message across
the world that the ISA stands stronger than ever as a
unified force striving for excellence.® It conveyed the
grit of the ‘ISAians’, their capability to broaden their
horizons, and their readiness to be global leaders in
the glorious field of anaesthesiology."”!

Following this, the ceremonial celebrations proceeded
at the conference venue. To mark the occasion, the ISA
platinum jubilee special postal cover was released.
The latter bore the following statement as a testimonial
to the contribution of ISA and anaesthesiologists
in healthcare, medical education, and during the
COVID-19 pandemic [Figure 2a and b].

‘Indian  Society of Anaesthesiologists (ISA),
founded in 1947, completes 75 years of provision
of safe anaesthesia to patients undergoing surgery.
Anaesthesiologists, in addition to providing quality
perioperative patient care, are pain physicians and
critical care specialists. They have served humanity
as PPE Clad Frontline Warriors during the COVID-19
pandemic. ISA encourages worldwide collaborations
to create competent anaesthesiologists who make
complex surgeries possible painlessly. ISA has

Indian Journal of Anaesthesia | Volume 67 | Issue 1 | January 2023

dfga T 5 o
E 76 Years of Ingian Socisty of Ansesthesiciogists

1

Figure 2: (a) ISA platinum jubilee special postal cover (Front). (b) ISA
platinum jubilee special postal cover (Behind)

established standards of trainee education and modern
medical research whilst promoting access to safe
anaesthesia to people of India, even in remote areas.
ISA salutes the spirit of all anaesthesiologists who are
selflessly serving the patients and mankind.’

The august presence of the ISA National past
presidents, ISA National office bearers, ISA present
and past governing council members, and ISA
state and city branch office bearers added grace
and colour to the occasion. The ISA National past
presidents, honourable dignitaries and office bearers
were felicitated for their invaluable contribution to
society. On this occasion, the ISA virtual museum was
inaugurated, and the public awareness video and ISA
calendar of activities were released.

During the two days conference, the “YUVA ISAians’
from all across the nation presented talks on their
respective topics in dedicated ISA state branch
sessions chaired by veteran anaesthesiologists. The
postgraduate students participating in the conference
had the opportunity to present theirresearch papers and
improve their understanding of research methodology
and their presentation skills. The ‘ISA Umbrella’, the
‘ISA Innovation Session’, “YUVA Oration Session’, and
breathtaking cultural performances were some of the
highlights of this grand event.

To add to all these activities, several state and city
branches of the ISA celebrated the platinum jubilee
by organising various cultural and academic activities

9
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themed around 75 illustrious years of ISA. To promote
‘YUVA ISAians’, ‘YUVA MAHACON 2022’ was
organised by the ISA Maharashtra state chapter and
‘ISA Delhi YUVACON’ by the ISA Delhi state branch.
These seamlessly orchestrated events turned out to
be exceptionally invigorating and have built lasting
memories of the platinum jubilee celebrations.

SUMMARY

The soulful connection and team spirit shared by the
‘Team ISA’ led by ISA National office bearers and the
governing council and ably supported by the state and
city office bearers led to the success of the ISA platinum
jubilee celebrations and are sure to be cherished for
decades to come. The multitude of activities that were
conducted led us to believe that we are ‘ISAians’, not
because we are in the ISA, but because ISA is in us.
Nevertheless, every anaesthesiologist in India should
be an ‘ISAian’, as there are opportunities abound for
every anaesthesiologist in the ISA. Though new heights
have been achieved, the voyage is not yet completed.
There is a lot more to come in the near future!
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ABSTRACT

Advances in prenatal diagnostic techniques have enabled early detection of potentially
correctable foetal anomalies. Here, we summarise recent developments in anaesthesia for foetal
surgery. Types of foetal surgery include minimally invasive, open mid-gestational and ex-utero
intrapartum treatment (EXIT) procedures. Foetoscopic surgery avoids hysterotomy, with risk of
uterine dehiscence, preserving the possibility of subsequent vaginal delivery. Minimally invasive
procedures are performed under local or regional anaesthesia; open or EXIT procedures are
usually done under general anaesthesia. Requirements include maintenance of uteroplacental
blood flow, and uterine relaxation to prevent placental separation and premature labour. Foetal
requirements include monitoring of well-being, providing analgesia and immobility. EXIT procedures
require maintenance of placental circulation till the airway is secured, requiring multidisciplinary
involvement. Here, the uterine tone must return after baby delivery to prevent major maternal
haemorrhage. The anaesthesiologist plays a crucial role in maintaining maternal and foetal
homeostasis and optimising surgical conditions.

Key words: EXIT procedure, foetal resuscitation, foetal surgery, foetal therapy, maternal
anaesthesia, uteroplacental perfusion

INTRODUCTION

Progressive technological advances

diagnostic techniques

have enabled the early

Indications for foetal surgery: In essence, foetal surgery
is for those malformations which would impede organ
development irreversibly, but would allow normal
development if corrected. Recent changes in the

in prenatal

detection of potentially correctable foetal anomalies.
Timely treatment by intrauterine intervention can
prevent irreversible organ damage and post-natal
morbidity. In this narrative review, we aim to look
at recent developments in anaesthesia for these
procedures.

Historical  background: Intraperitoneal blood
transfusion for hydrops foetalis by Sir William Liley in
1963 was the first successful foetal procedure." As late
as 2002, most foetal surgeries in the United States were
being done in only three centres.!” The whole situation
changed in 2011 when the landmark Management of
Myelomeningocoele Study (MOMS) was published,
which showed the dramatic improvement in clinical

course after prenatal versus post-natal surgery.®!

criteria for foetal surgery include the following:®

*  Goals have expanded from just foetal survival
to reduction of morbidity.

e It is no longer required to be a singleton
pregnancy.

*  Women themselves are now willing to accept
risk to themselves to ensure foetal survival.
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Hence, the importance of careful risk-benefit
analysis and counselling to ensure realistic
expectations.

e A multidisciplinary team-based approach,
ethics oversight and participation in registries
are encouraged.

J Should be done in centres with expertise,
experience and credentialling; and appropriate
infrastructure and facilities.

TYPES OF FOETAL SURGICAL PROCEDURES

Minimally invasive foetal procedures [Figure 1],
performed in the early or mid-gestation period of
pregnancy, include needle-based and foetoscopic
procedures. Examples of needle-based procedures
are percutaneous umbilical blood sampling, balloon
valvuloplasty for aortic stenosis, and radiofrequency
ablation for selective foetal reduction.

Foetoscopy (FETENDO) initially done via laparotomy!
is now done percutaneously under ultrasound
guidance.’? Examples of foetoscopic interventions
include foetoscopic endoluminal tracheal occlusion
(FETO) for congenital diaphragmatic hernia (CDH),
laser photocoagulation for twin—twin transfusion
syndrome, release of amniotic bands, placement of
vesico-amniotic and peritoneo-amniotic shunts; and
myelomeningocoele (MMC) repair in some centres. 24!
Foetoscopic surgery avoids the need for a hysterotomy,
preserving the possibility of vaginal delivery during
subsequent pregnancies.

Open mid-gestational foetal procedures are performed
through a uterine incision, under regional or general
anaesthesia. These procedures include repair of
MMC, excision of lesions such as sacrococcygeal
teratoma, congenital cystic adenomatoid/pulmonary

malformation (CCAM/CPAM)® and temporary tracheal
occlusion for CDH.!

Open procedures preclude vaginal birth in the current
as well as subsequent pregnancies. Hence, there are
continuing attempts to do as many of these surgeries
foetoscopically as possible.

Ex-Utero Intrapartum Treatment (EXIT) procedure is
done for a foetal life-threatening lesion, maintaining
foetal oxygenation via the placental circulation. It is
mainly for lesions in the upper airway which make
it difficult or impossible to breathe after delivery.
Originally performed for CDH foetuses with tracheal
plugging, it is now performed for other causes of airway
obstruction.*”! The head and upper chest of the foetus
are delivered, and airway is secured before clamping
the cord. EXIT procedure can also facilitate transition
to extracorporeal membrane oxygenation (ECMO).

Itis important to understand the management concerns
in specific congenital defects [Table 1].

ANAESTHESIA CONSIDERATIONS FOR FOETAL
SURGERY

Maternal safety concerns: Foetal surgery is primarily
directed at improving outcomes in the foetus; the
mother is only a bystander in the process and
derives no direct benefit. Ensuring maternal safety
is of prime importance. The various anatomical and
physiological changes of pregnancy should be kept
in mind [Table 2].® Left uterine displacement should
be strictly maintained till the end of the procedure
or delivery of the foetus. Invasive monitoring and
additional intravenous access will be necessary during
EXIT procedure. Use of tocolytic agents such as
nitroglycerine increases cardiovascular instability and
necessitates the use of vasopressor agents. Considering

Figure 1: Minimally invasive surgery. (a) Laser photocoagulation for twin—twin transfusion syndrome (Reproduced with permission from the
Colorado Foetal Care Centre, Aurora, Colorado). (b) Tracheal balloon insertion for CDH. (c) CO2 insufflation for improved visibility. CDH: Congenital

diaphragmatic hernia; CO,: Carbon dioxide
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Table 1: Specific conditions amenable to foetal interventions

Condition Pathophysiology Treatment Type of surgery
TTTS Unequal sharing of blood between monozygotic twins. Selective laser photocoagulation  Minimally invasive
Recipient twin has heart failure and hydramnios while Amnioreduction
donor has anaemia. Can be fatal to both Selective cord occlusion - RFA
or bipolar coagulation
TRAP Monochorionic twins where one twin’s heart supplies RFA if gestation >16 weeks Minimally invasive
blood to both. Donor twin has cardiac failure, other twin Bipo|ar Coagu|ation if gestation
is poorly developed, not viable. <16 weeks
LUTO Oligohydramnios, pulmonary hypoplasia, renal impairment Vesico-amniotic shunt placement Minimally invasive

Critical aortic or
pulmonary valve
stenosis

Cyanotic heart
disease

CDH

Amniotic band
syndrome

MMC

CCAM

CHAOS

Head and neck

masses compressing

airway, tracheal
balloon for CDH

Critical valvular stenosis causes ventricular dysfunction

Balloon valvuloplasty of aortic or Minimally invasive

and growth impairment, eventually leading to hypoplastic  pulmonary valve

left or right heart syndrome respectively

Hypoplastic left heart syndrome with a restrictive septum  Atrial septostomy

causes left atrial hypertension

Diaphragmatic defect leading to herniation of abdominal
organs into chest. Leads to pulmonary hypoplasia and

pulmonary arterial hypertension

Bands of amniotic membrane can entangle parts of the
foetus and cause strangulation or other damage
Failure of fusion of caudal neural tube causes
neurological deficits depending on level of lesion.

Majority (80%) develop hydrocephalus.

Deficit worsens progressively through gestation. MOM

Minimally invasive

FETO with a balloon. Inserted Minimally invasive
at 26-29 weeks and removed at foetoscopic
34 weeks.

Laser release Minimally invasive
foetoscopic

Open mid-gestational
Minimally invasive
foetoscopic

Open surgery at 24-26 weeks
gestation.

Will need caesarean delivery
(usually around 35 weeks) to

study showed improved outcome after intrauterine repair  avoid scar dehiscence

Cystic or solid mass of abnormal non-functional lung
tissue which compresses heart and lungs and can cause Drainage of cysts or shunt

foetal heart failure

Atresia or complete obstruction at laryngeal or tracheal

level.

Lungs distended with fluid, foetal hydrops,
polyhydramnios
Foetus unable to oxygenate upon delivery

Steroids Medical and
minimally invasive

placement options

Excision Open mid-gestational

Tracheostomy or ECMO EXIT procedure

Airway to be secured by
intubation or tracheostomy. If
not possible, ECMO

EXIT procedure

TTTS: twin-twin transfusion syndrome, TRAP: twin-reversed arterial perfusion, RFA: radiofrequency ablation, LUTO: lower urinary tract obstruction,

CDH: congenital diaphragmatic hernia, FETO: foetoscopic endoluminal tracheal occlusion, MMC: myelomeningocoele, MOM study: Management of Meningocoele
study, CCAM: congenital cystic adenoid malformation, CHAOS: congenital high airway obstruction syndrome, ECMO: extra-corporeal membrane oxygenation,
EXIT: ex-utero intrapartum treatment

Table 2: Anatomical and physiological changes of
pregnancy

System

Changes

Cardiovascular
system

Respiratory
system

Gastrointestinal
system

Haematological
system
Renal system

Nervous system

Airway

Cardiac output 1 30-50%

Systemic vascular resistance | 30%
Blood volume 1 50%

Minute ventilation 1 40-50%

Oxygen consumption 1 20-40%
Functional residual capacity | 20%
Baseline PaCO, 28-32 mmHg

More horizontal position of stomach
Relaxation of lower oesophageal sphincter
Plasma volume 11

Red blood cell volume1Clotting factors 1
Red blood cell volume?, Clotting factors 1
Creatinine |

Minimum alveolar concentration |, Greater
spread of neuraxial anaesthesia

Mucosal oedema and vascularity
Weight 1, neck circumference 1

Indian Journal of Anaesthesia | Volume 67 | Issue 1 | January 2023

the risk of haemorrhage in the setting of uterine
hypotonia, adequate blood products should be arranged
beforehand for open foetal and EXIT procedures.!

Foetal physiology: The foetal cardiovascular system has a
parallel circuit with a blood volume 110-160 ml/kg, over
50% of which is in the placenta. Since the output of right
and left ventricles is not equal, the combined cardiac
outputisdescribed and is normally 425-550 ml/kg/min.!"%
Cardiac output is mainly determined by the heart rate,
since the stroke volume is limited. Foetal bradycardia
(<100 beats per minute) is a strong indicator of distress;
and hypoxia, hypothermia and noxious stimuli are
common stressors for the foetus.""

Thalamocortical ~ connections  mediating  pain

perception only develop at 23-30 weeks gestation,

13
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but even before this time, noxious stimuli cause
increased catecholamine and cortisol secretion. This
stress response causes placental vasoconstriction
and bradycardia and can also induce premature
labour." Specific foetal analgesia is not required if
non-innervated tissue is involved, such as placenta or
umbilical vessels.™

A common misconception is that maternal analgesic
drugs suffice to produce adequate foetal analgesia.
However, extraction index (foetal/maternal ratio
of drug concentration) depends on biophysical
properties of the drug molecules (molecular weight,
lipid solubility, ionisation) and acid-base differences
across the placental membrane. Hence, it is advisable
to directly administer analgesics to the foetus."!

Management of uterine tone: Any foetal intervention
necessitates  tocolysis to prevent premature
labour. For minimally invasive procedures, oral
non-steroidal anti-inflammatory drugs (NSAIDs)
[indomethacin 50-100 mg per oral (PO)/per
rectal (PR)] and calcium channel blockers (nifedipine
10-20 mg PO q 6-8 h) can be used. When general
anaesthesia is given, maintaining an end-tidal
volatile anaesthetic concentration of 1.5-2 minimum
alveolar concentration (MAC) is effective at relaxing
the uterus. Nitroglycerine (50-100 ug intravenous
boluses, 0.5-1 ug/kg/min infusion) or terbutaline
(250 ug intravenous bolus, 5-10 pug/min) can be used
for open and EXIT procedures. Magnesium sulphate
and atosiban infusions given during and after the
procedure prevent premature onset of labour.1?

Loss of amniotic fluid when the uterus is opened can
stimulate uterine contraction as well as placental
separation. Hence, the foetus is only delivered
partially, and warm crystalloid is infused into the
amniotic cavity to keep the intrauterine pressure up.

After baby delivery in EXIT procedure, all uterine
relaxants should be stopped and uterotonic agents
should be given to promote uterine contraction and
retraction. It should be noted that magnesium sulphate
or atosiban should not be used in EXIT procedures
as they are long acting. For open mid-gestational
procedures, uterine relaxants are continued
post-operatively.®4

Maintenance of utero-placental blood flow: Since
autoregulation is absent in the utero-placental
circulation, maternal blood pressure should be

14

maintained at or above baseline with vasopressors
and intravenous fluids, especially in the presence of
sympathetic block or effect of tocolytic agents. Left
uterine displacement of 15° should be applied after
18 weeks gestation, or even earlier in the case of multiple
pregnancies. Uterine contraction and umbilical cord
compression should be minimised as they can both
decrease the utero-placental blood flow.™

Foetal monitoring: Doppler ultrasonography is used to
monitor the foetal heart rate during minimally invasive
and open surgery, and pulse oximetry may be used
during EXIT procedure. Continuous echocardiography
is done during foetal cardiac interventions./*®!

Resuscitation for foetal bradycardia:
1. Increase oxygen delivery to foetus
a. Optimise maternal fraction of inspired
oxygen (FiO,) and ventilation
b. Maintain maternal blood pressure — Left
uterine displacement, vasopressors, fluids
c. Improve uterine relaxation
d. Check for placental abruption
2.  Post-placental measures
a. Relieve cord compression, reposition foetus
b. Increase uterine volume - infuse warm
fluid
c. Improve foetal cardiac function — injection
of adrenaline or atropine into the foetal
heart (cardiocentesis) or into umbilical cord
(cordocentesis), foetal blood transfusion,
foetal chest compressions!'*

Foetal anaesthesia: Analgesia and immobility are
essential during foetal surgery to block the stressful
noxious stimuli and to facilitate safe performance
of the foetal intervention, respectively. Extraction
ratios of anaesthetic agents range from 0.38 to 0.8
(sevoflurane — 0.38, propofol — 0.5-0.8, fentanyl — 0.5).
The time required for foetal concentrations to build up
also needs to be considered. Hence, a combination of
opioid (fentanyl 20 ug/kg), musclerelaxant (rocuronium
2 mg/kg) and anticholinergic (atropine 20 pug/kg) should
be administered to the foetus as an intramuscular
injection [Table 3].0+11

ANAESTHETIC MANAGEMENT

Preoperative assessment and planning:
A multidisciplinary team approach is needed to
discuss the risks versus benefits for both the mother
and baby. The anaesthesiologist is a critical member

Indian Journal of Anaesthesia | Volume 67 | Issue 1 | January 2023
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of this team and will evaluate the anaesthetic risks in
the mother. Blood grouping and screening should be
done for all patients, and cross-matching should be
done for open foetal surgery and EXIT procedures.
In addition, O-negative leuco-reduced irradiated
cytomegalovirus (CMV)-negative blood should be
arranged for the foetus. Important foetal information
for the anaesthesiologist is gestational age, foetal
lesion needing correction, cardiac function, estimated
weight for drug dosing and location of the placenta
which determines patient positioning and the need
to exteriorise the uterus. Contingency planning must
also be done for events like maternal or foetal cardiac
arrest, haemorrhage and need for unplanned caesarean
delivery.™

Minimally invasive foetal surgery: Less invasive
procedures (examples are amnioreduction and
umbilical blood sampling) can be performed under
local anaesthesia in the ultrasound room without
involving the anaesthesiologist. Others are done under
neuraxial anaesthesia with minimal to moderate
sedation so that airway reflexes are preserved and
the mother can be repositioned if necessary. General
anaesthesia may be necessary if the procedure is
prolonged.

Maternal blood pressure is maintained at baseline or
higher with fluids and vasopressors (phenylephrine).
Profound uterinerelaxation is not considered necessary
now, and NSAIDs such as indomethacin (PO or PR)
and oral calcium channel blockers such as nifedipine
are sufficient. Pulmonary oedema has been reported
during foetoscopic surgery when 8 L excess fluid
was infused; hence, inflow and outflow of irrigation
fluids should be strictly audited.™ Foetal analgesia
and immobility are ensured with an intramuscular
injection of the cocktail described above.

Open mid-gestational procedures: These can be done
under regional, but general anaesthesia is preferred.
Epidural for post-operative pain management reduces
stress and thus preterm labour. Invasive arterial
monitoring and two large bore lines are inserted for
volume replacement. Tocolysis is achieved with
volatile anaesthesiaat 1.5 to 2 MAC and/or nitroglycerin
infusion.  Supplementation = with  intravenous
anaesthesia reduces foetal cardiac dysfunction.
Arterial pressure is maintained at or above baseline.
To prevent premature labour, magnesium sulphate
4 g intravenous bolus is followed by an infusion of
1-2 g/h for 24-48 hours. Fluid administration should

Indian Journal of Anaesthesia | Volume 67 | Issue 1 | January 2023

be judicious, to prevent pulmonary oedema, and
neuromuscular function should be monitored.

Ex-utero intrapartum treatment procedures: There
are case reports of EXIT procedures done under
regional anaesthesia,'® but more commonly they are
done under general anaesthesia. Invasive monitoring,
access for volume replacement, tocolysis and
maintenance of uterine pressure by amniotic infusion
are the components of anaesthetic care. Tocolysis is
achieved with volatile anaesthesia at 1.5 to 2 MAC
and/or nitroglycerine infusion. Unlike open surgery,
EXIT patients need the uterine tone to increase
rapidly after delivery, to prevent excessive blood
loss. The volatile agent concentration is reduced,
nitroglycerine infusion stopped, and uterotonic
agents are given.

Airway management during ex-utero intrapartum
treatment surgery: This requires meticulous
preoperative  multidisciplinary =~ planning.  The
airway team consists of paediatric anaesthesiologist,
neonatologist, paediatric surgeon and otorhinolaryn
gologist. The mother is in the lithotomy position so
that the airway team can access the baby’s airway from
between the legs. A mock drill should be conducted
beforehand, planning where each member of the
team will be positioned and where each section of
equipment will be placed [Figure 2]. There should be a
separate monitor for the foetus; airway and monitoring
equipment should be sterilised and arranged on a
separate trolley [Table 3].

Based on prenatal imaging, an airway strategy is
formulated in advance consisting of Plan A, Plan B
and so on. Finite time is allotted for each approach, for
example 5 minutes each for direct/video laryngoscopy,

0%,

Personnel
1. Maternal
anaesthesiologist e

Equipment
1. Anaesthesia
machine

2. Anaesthesia 2. Surgical
assistant instruments

3. Timekeeper 3. Paediatric

4. Obstetrician intubation

5. Obstetrician 4. Rigid

6. Scrub nurse bronchoscopy

7. Paediatric 5. Tracheostomy
anaesthesiologist instruments

8. Paediatric 6. Baby monitoring
surgeon ﬁ and drugs

9. Paediatric ENT 7. Suction
surgeon 8. Cautery

10.Neonatologist 9. Endoscopy tower

Figure 2: Arrangement of personnel and equipment for EXIT procedure.
ENT: Ear, nose, throat; EXIT: Ex-utero intrapartum treatment
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rigid bronchoscopy and tracheostomy. Other options
are to use a laryngeal mask as a conduit for fibre-optic
intubation, or as a rescue device to maintain the airway
till a tracheostomy is done.!"” In the case of large neck
masses, partial decompression of the mass may allow
access to the trachea. The last option, if all these
techniques are unsuccessful, is ECMO. If the airway
is not secured by the time the placenta separates, the
foetus will go on to bradycardia and cardiac arrest, for
which standard guidelines should be followed; but
this situation is likely to end in foetal demise. Team
members should leave the surgical field promptly
once their tasks are completed, to facilitate the role of
the next team.

Various algorithms with essential elements have
been proposed for airway management during
EXIT.'®200 They include various essential elements
[Figure 3].

OUTCOMES FROM FOETAL SURGERY

A systematic review and meta-analysis concluded that
the FETO procedure for CDH increased the neonatal
survival at 30 days and 6 months with a relative risk
of 5.8 and 10.5, respectively. However, the rates of
premature rupture of membrane and preterm birth
were higher, and the gestational age at delivery
decreased by 2 weeks.!

Posterior neck mass
No airway compression

——| Regular delivery

Prenatal evaluation

Ultrasound, MRI

v

anomaly

Anterior neck mass
Airway compression
Tracheal or laryngeal

l Prenatal counselling l

EXIT procedure

| Lift mass off trachea |

!

PLAN A

Direct laryngoscopy

Videolaryngoscopy FOI through LMA

Rigid bronchoscopy

| 1
*— [Pans] . [Panc] L.

Partial decompression
ECMO

Tracheostomy

Figure 3: Airway management in EXIT procedure. MRI: Magnetic resonance imaging; FOI: Fibre-optic intubation; ECMO: Extracorporeal membrane
oxygenation; EXIT: Ex-utero intrapartum treatment, LMA: Laryngeal mask airway

Table 3: Drugs and equipment for foetal anaesthesia and resuscitation
Purpose

Medications and doses

Medications loaded in syringes
Fentanyl 20 pg/kg
Rocuronium 2 mg/kg
Atropine 20 pg/kg

Adrenaline 10-30 pg/kg

Adrenaline 1-2 pg/kg

Normal saline 1-2 ml/kg boluses

Combined in 1 syringe for intramuscular injection
For foetal analgesia and immobility

Resuscitation
For hypotension
For hypotension and Resuscitation

Airway equipment

Monitoring and other equipment

Direct laryngoscope, straight and curved blades (0,00)
Video laryngoscope

Endotracheal tubes, uncuffed (2.0-3.0 ID)

Oral and nasopharyngeal airways

Stylets, bougies (neonatal)

Supraglottic airway devices with intubation access
Magill forceps

Rigid bronchoscope

Flexible fibre-optic bronchoscope

Tracheostomy set

Tracheostomy tubes

Pulse oximeter probe (ear probe)
Capnography sampling tube and connector
ECG electrodes

Separate oxygen source

Self-inflating bag

Jackson-Rees circuit

Stethoscope

Nasogastric tubes

Lignocaine or KY jelly

Defogger

Suction including rigid tip and flexible catheters

ID: Internal diameter; ECG: Electrocardiogram
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The MOMS of 2011 found a reduced incidence of
hydrocephalus and improved mental and motor
development after prenatal surgery compared to
correction after birth, when patients were assessed at
30 months. Obstetric complications included preterm
birth, placental abruption and pulmonary oedema related
to tocolysis; and over 1/3 of the women had thinning or
an area of dehiscence at the hysterotomy site.!

In a recent systematic review of 235 cases of EXIT
surgery, there were 13 adverse maternal events; 11 of
them were post-partum haemorrhage (4.7%). There
were 29 adverse foetal events (12.2%), with failure
of securing the airway in 8 (3.4%). In 40 cases out of
235 (17%), foetal or neonatal death occurred.?*

Maternal complications: In a meta-analysis of 10,596
foetal surgeries, open surgery had a complication rate
of about 21% compared to 6% in foetoscopic surgery.
Serious complications occurred in 4.5% of open and
1.7% of foetoscopic procedures.**

Mirror syndrome is the development of maternal
pulmonary oedema when there is foetal hydrops.
The features are very similar to preeclampsia, such as
weight gain, hypertension, proteinuria, elevated uric
acid, creatinine and liver enzymes, and even headache
and visual disturbances. Treating the foetal hydrops,
for instance, by inserting a peritoneo-amniotic shunt,
relieves these symptoms. 2425

SUMMARY

Outcomes of foetal surgery have greatly improved with
advances in imaging technology, better understanding
of foetal and maternal physiology and refinements
in surgical and anaesthetic techniques. The
anaesthesiologist playsa crucial role in risk assessment,
multidisciplinary coordination, maintaining maternal
and foetal homeostasis and optimising surgical
conditions. A clear understanding of the type of
foetal defect and the foetal surgery planned helps to
formulate a suitable management plan.
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ABSTRACT

Newer modalities in labour analgesia and anaesthesia for caesarean section including regional
anaesthesia techniques and airway management are emerging constantly. Techniques such as
point of care ultrasound, especially of the lungs and stomach and point of care tests of coagulation
based on viscoelastometry are about to revolutionise perioperative obstetric care. This has
improved the quality of care thereby ensuring good perioperative outcomes in the parturient with
comorbidities. Critical care for obstetrics is an emerging field that requires a multidisciplinary
approach with obstetricians, maternal-foetal medicine experts, intensivists, neonatologists, and
anaesthesiologists working together with enhanced preparedness and uniform protocols. Newer
techniques and concepts of understanding have thus been established in the traditional speciality
of obstetric anaesthesia over the last decade. These have improved maternal safety and neonatal
outcomes. This article touches upon some recent advances that have made a significant impact

in the field of obstetric anaesthesia and critical care.

Key words: Critical care, general anaesthesia, obstetrics, ultrasonography

INTRODUCTION

Obstetric anaesthesia is a steadily progressing
speciality. It has evolved from the traditional
practices such as ‘chloroform’ for labour analgesia, to
protocolised safe procedures. The modern obstetric
anaesthesiologist plays the role of a ‘peripartum
physician’ who ensures quality in care. Obstetric
anaesthesiologists of today with compelling
evidence, a sound knowledge of maternal anatomy
and physiology, and a strong backup of advanced
technology including monitoring devices, airway
equipment, and ultrasound (US) bear only a small
resemblance to their traditional counterparts.
Obstetric critical care with its fast-evolving modalities
of care is also developing to match the advances
and novel concepts in obstetric perioperative care.
Keeping this in mind, we did a thorough literature
search related to obstetric anaesthesia and critical
care in various databases and the information thus
obtained is presented in this article.

LABOUR ANALGESIA

Multiple options are currently available for
labour analgesia, although lumbar epidural still
remains the best option in terms of analgesia.
Randomised controlled trials show that low doses
of local anaesthetics (LAs) such as bupivacaine,
levobupivacaine, and ropivacaine in combination
with newer adjuvants such as dexmedetomidine and
dexamethasone are effective for epidural analgesia
and can avoid opioid-induced side-effects.*?
However, dexmedetomidine is not yet approved for
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use in pregnancy by the United States Food and Drug
Administration.

Programmed intermittent epidural bolus (PIEB) is
a novel technique in which a programmed pump
automatically delivers boluses at predetermined
time intervals and the drug solution disperses more
widely and uniformly in the epidural space. PIEB
technique can be combined with patient-controlled
epidural boluses. A recent study has shown that the
technique improves patient comfort and satisfaction,
decreases total LA consumption, gives longer duration
of analgesia, reduces breakthrough pain, and results in
reduced motor blockade.

Dural puncture epidural technique is a novel technique
in which the spinal needle is passed through the
epidural needle but no drug is injected intrathecally. It
was thought that this technique will become popular
owing to the more rapid onset of analgesia and better
confirmation of midline placement, especially in the
obese parturients. However, studies comparing this
technique with other techniques such as traditional
epidural, both single and in combination with PIEB
technique, have yielded mixed results with trivial
differences between them.*?

US-guided neuraxial techniques have improved access
to the epidural and intrathecal space, by identifying
the midline, depth of space, and optimum angle of
needle insertion especially in parturients with obesity,
scoliosis, and pre-eclampsia.l®” A recently introduced
novel US software called the automatic spine level
identification system automatically identifies vertebral
landmarks in real time when the operator slides the
US transducer over the lumbar spine.®

Among non-neuraxial techniques, remifentanil
intravenous patient-controlled analgesia (IV-PCA)
provides effective labour analgesia but with potential
side effects such as maternal hypoxia, respiratory
or cardiac arrest, pruritus, nausea, and vomiting.””!
Datasets of the RemiPCA SAFE network database from
6 consecutive years show that maternal hypoxia was
24.7% with remifentanil along with a low neonatal
oxygen supplementation rate at 5%.1%

Immersive virtual reality is an emerging non-
pharmacological technology that involves distraction
of the patient and creation of a virtual environment
that has the cognitive capacity to distract the parturient
from pain. The parturient receives visual and auditory
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feedback and is able to interact with the virtual
environment.['!! Studies have shown that this technique
is effective in relieving pain and anxiety especially in
the first stage of labour and patients prefer to use it
during daytime and when pain scores are less than 8.1

REGIONAL ANAESTHESIA FOR CAESAREAN
SECTION

Neuraxial block is the anaesthetic technique of
choice for lower segment caesarean section (CS).
US-guided spinal anaesthesia (SA) increases success
at first pass and reduces the number of postoperative
complications (postpartum backache and headache)
and can be used for difficult spinal and as a routine
practice in elective procedures.!*!%

The incidence of post-spinal hypotension (PSH)
varies from 7.4%-74.1% and to prevent associated
complications, a systolic blood pressure (SBP) target
of =290% of the baseline level, or 100 mm Hg is
recommended during CS.M'>1% Besides the measures
of left uterine displacement and IV crystalloid
co-loading, wuse of prophylactic variable rate
phenylephrine started at 25-50 pug/min immediately
after the intrathecal LA injection, and titrated to
baseline SBP and pulse rate are recommended for
preventing hypotension.!*”’ Norepinephrine 6 ug bolus
intravenously or by computer-controlled infusion
(5 ug/ml) has been found to be effective with lower
incidence of bradycardia, although further studies
are needed to establish its safety.'”” Drugs such as
ondansetron can prevent PSH and post-anaesthesia
shivering during CS."® Perfusion index and pleth
variability index are simple noninvasive tools that
can be used for the prediction of PSH.!" Low-dose
(= 8 mg) hyperbaric bupivacaine for SA during
caesarean delivery results in reduced efficacy but is
associated with decreased frequency of PSH.?"

Novel nerve blocks such as quadratus lumborum
block, transversus abdominis plane block, and wound
infiltration (single injection/continuous infusion) can
be a part of multimodal analgesia regimens after CS.
Intrathecal morphine 50-100 pg or diamorphine 300 ug
and paracetamol, non-steroidal anti-inflammatory
drugs (NSAIDs) or IV dexamethasone administered
after delivery are other recommended pharmacological
options for post-caesarean analgesia.l*!

The incidence of post-dural puncture headache
(PDPH) or meningeal puncture headache after SA is
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0.8%-5% and nearly 50%-80% after accidental dural
puncture (0.51%-1.5%) in obstetric patients.?*?¥
Conservative treatment modalities include caffeine
300 mg orally in repeated doses, gabapentin,
aminophylline, and adrenocorticotropic hormone.?*23!
Epidural blood patch still remains the gold standard of
treatment for severe PDPH (pain scores >8) performed
after 24-48 hours of meningeal puncture at or below
the puncture site, with a blood volume of around
20 mL being effective in 50%-80% of women. Mild to
moderate headache can be managed with analgesics
and nerve blocks (greater occipital nerve block or
sphenopalatine ganglion block).[2¢27]

Studies have shown that acute postoperative
pain is more in patients with postpartum
depression.[?® Parturients who experience

unintentional dural puncture are more likely to
experience chronic disability headaches at 2 and 6
months postpartum.?”

GENERAL ANAESTHESIA FOR CAESAREAN SECTION

The 2021 National Institute for Health and Care
Excellence (NICE) caesarean birth  guideline
recommends a decision-to-delivery interval of within
30 minutes for category-1 CS. General anaesthesia (GA)
has limited indications such as category 1 CS,
confirmed coagulopathy, unknown coagulation status,
hypovolaemia, and haemodynamic or respiratory
failure.®® Pregnant women have a higherrisk of difficult
or failed intubation, the development of hypoxaemia
during induction, intubation and extubation, and
pulmonary aspiration. The incidence of failed tracheal
intubation during GA for CS is 9%. Algorithms for
airway management in obstetrics including failed
tracheal intubation, and ‘cannot intubate, cannot
oxygenate’ situations should be followed along with
preoperative fasting guidelines.("32

The head elevated laryngoscopy position (a 25-degree
head elevation) combined with the ramped position
is the optimum position during induction of GA.
The ramped position can be achieved using pillows
or specific devices (e.g., Oxford Head Elevating
Laryngoscopy Pillow (HELP) ®).

Difficult Airway Society (DAS)/All India Difficult
Airway Association guidelines recommend the use
of cricoid pressure (10-30N) by backward, upward,
rightward, and posterior manoeuvre during rapid
sequence induction.*? There is limited evidence for
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its effectiveness in decreasing aspiration risk and it
also has the potential for making airway management
more difficult if incorrectly applied. These guidelines
recommend a low threshold to release/reduce cricoid
pressure if it impedes laryngoscopic view or passing
of the endotracheal tube/mask or supraglottic airway
device.

Recent advances in obstetric airway management
include the use of videolaryngoscopy, transnasal
humidified rapid-insufflation ventilatory exchange for
oxygenation which extends safe apnoea time, second
generation supraglottic airway devices such as the
Proseal laryngeal mask airway (LMA), i-gel and the
LMA-Supreme and airway exchange catheters.

Although videolaryngoscope (VL) is recommended
as a back-up device after a failed attempt with direct
laryngoscopy,itmaysoonberecommended asafirst-line
device for an optimised first attempt of laryngoscopy
and endotracheal intubation. Glidescope, C-MAC
VL, MacGrath VL, and Airway scope (Pentax) have
all been used as first-line rescue devices in obstetric
patients.¥! The recent DAS guidelines recommend
that VLs and second generation supraglottic devices
should be immediately available on the labour floors.

Pre-emptive neck US and the marking of cricothyroid
membrane are useful in the obese parturients. Gastric
US before induction can determine the presence of
stomach contents above a particular threshold and
decrease the risk of aspiration.

The ObsQoR-11 is a scoring tool in the English
language, developed and validated in parturients in
the United Kingdom. It is used to assess the quality of
recovery after CSP4 and has been translated into many
languages, including Hindi.

Enhanced recovery after caeserean delivery (ERAC) is
currently a topic of both academic and clinical interest.
It involves the multidisciplinary team efforts of the
anaesthesiologist, obstetrician, nursing staff, hospital,
and patient through the perioperative period [Table 1].
Implementation of ERAC results in significant reduction
in the length of hospital stay with better postoperative
pain relief and reduced opioid requirement for
caesarean delivery. However, poor level of literacy of
target population, big rural and urban divide with the
inability to recognise early warning signs, and lack of
trained staff for ERAC protocols are the prime barriers
for implementation of ERAC in our country.?
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Table 1: Key components of ERAC protocol

Period Step of the protocol
Preoperative  Patient education
Aspiration prophylaxis
Antibiotics
Limited fasting interval
Carbohydrate loading
Intraoperative Prevent maternal hypothermia (Active body
warming, irrigation warming)
Prevent and treat spinal-induced hypotension
(co-loading/preloading with crystalloids/colloids,
phenylepinephrine/ephedrine)
Fluid and electrolyte balance (Balanced salt
solutions)
Prevent postoperative ileus
Perioperative nausea and vomiting prophylaxis
Optimal uterotonic administration
Multimodal perioperative analgesia
Spinal anaesthesia (Prevent PDPH)
Dexmedetomidine
Promote breastfeeding and maternal-infant bonding
Postoperative Postoperative analgesia-TAP block, NSAIDs,

acetaminophen

Early oral intake/hydration

Early mobilisation

Promote resting periods

Early urinary catheter removal
Venous thromboembolism prophylaxis
Continue multimodal analgesia
Breastfeeding support

Promote return of bowel function

ERAC - Enhanced recovery after Caesarean; TAP - Transversus abdominis
plane; NSAIDs - Non-steroidal anti-inflammatory drugs; PDPH: Postdural
puncture headache

MANAGEMENT OF OBSTETRIC COMORBIDITIES

Causes of maternal morbidity and mortality

Major obstetric haemorrhage (MOH), hypertensive
disorders of pregnancy (HDP), cardiovascular causes,
sepsis, and thrombotic events are the leading causes
of serious maternal morbidity (SMM) globally.[¢57]
Increasing age at parity, obesity, chronic hypertension,
diabetes, artificial fertility treatment, and multiple
pregnancies are important risk factors, which can be
assessed by useful tools such as California Maternal
Quality Care Collaborative (CMQCC) risk-assessment
tool and the obstetric co morbidity index (OB-CMI). "
Pre-existing chronic illness, infections like human
immunodeficiency virus and tuberculosis, access
to healthcare, mental health and ethnicity influence
maternal outcomes.

High neuraxial block, failed neuraxial block, difficult/
failed airway, cannot intubate cannot ventilate
situation, LA systemic toxicity, and anaphylaxis are
documented as anaesthetic causes for SMM. Every
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anaesthetic team must be prepared to manage such
scenarios. Simulation-based training in technical
and non-technical skills are found extremely useful.
Transthoracic echocardiogram and point of care
US (POCUS) can help in identifying the cause for
collapse.

Major obstetric haemorrhage

The International Federation of Gynecology and
Obstetrics recommendations for MOH management
suggest ‘care bundles’ to be implemented."
Uterotonics are advised for all women in the third stage
of labour to prevent postpartum haemorrhage (PPH).
Obstetric early warning scores and shock index (SI),
the ratio of pulse rate to SBP have been used to
recognise and predict severe haemorrhage, the need
for blood transfusion and intensive care unit (ICU)
admission. Carbetocin, a synthetic oxytocin analogue,
is suggested as the first-line alternative to oxytocin,
due to heat stability and less haemodynamic side
effects.*) The recommendation is to administer
a single dose of 100 pg slowly intravenously
immediately on delivery of the baby. However,
further research is needed to establish its effects in
high-risk pregnancy.

Quantification of blood loss using combination of
gravimetric techniques, volumetric drapes, and
colorimetry is more accurate than visual assessment
whichmightunderestimatetheloss.*''The World Health
Organization (WHO) has added IV tranexamic acid 1
gm in ‘first response care’ for haemorrhage following
the World Maternal Antifibrinolytic (WOMAN)
trial.#*#2 However, reports from Tranexamic Acid for
Preventing Postpartum Hemorrhage (TRAAP) 1 and
2 trials do not entirely support this.*! Point-of-care
test (POCT) of coagulation based on viscoelastometry
including rotational thromboelastometry (ROTEM)
and thromboelastography have been found very useful
and been endorsed by the NICE and Royal College
of Obstetricians and Gynaecologists.*” Limitations
include the cost and feasibility. These bedside rapid
tests enable rapid response, but high costs and
feasibility of use in an emergency are important
limitations. Massive transfusion protocol appropriate
to the healthcare facility must be established.
Current thoughts suggest moving away from fixed
ratio transfusion to goal directed transfusion based
on coagulation tests and blood cell counts aiming
for haemoglobin level >7 g/dl, platelets >75,000/ul,
fibrinogen >2 g/dl, and international normalised ratio
<1.5. The goal is to replace red blood cells without
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volume overload and unnecessary transfusion of
sparsely available products as elicited by OBS Cymru
project.***! Fibrinogen concentrates have been used as
alternative to transfusion of blood products but their
cost-effectiveness is yet to be assessed.*’! Fresh frozen
plasma or cryoprecipitate as replacement for factors
and platelets must be administered only if indicated.

Hypertensive disorders of pregnancy

HDP may present with life-threatening complications;
hence, early recognition and management becomes
crucial. Diagnostic criteria for severe pre-eclampsial*!
include high BP>/= 160/110 mmHg with or without
one significant end-organ dysfunction like cardiac
failure, cerebrovascular events, eclampsia, HELLP
(haemolysis, elevated liver enzymes, and low
platelets) syndrome, reduced foetal blood flow, or any
sign of foetal distress. Atypical presentation may not
necessarily include proteinuria or raised BP but the
systemic effects of the disease process may last up to
six weeks. Plane-wave US scanning for evaluation of
ocular blood flow in women at risk for pre-eclampsia
can help in early diagnosis.

The treatment goal in pregnant women with
chronic hypertension is BP <140/90 mm Hg
[Chronic Hypertension and Pregnancy (CHAP)
trial].#® Tighter control provides better outcomes
[Control of Hypertension in Pregnancy Study
(CHIPS trial).”! The target should be a SBP of not
more than 130-135 mm Hg and diastolic BP 80-85
mm Hg. Hydralazine, labetalol, and calcium channel
blockers remain the mainstay of antihypertensive
therapy. The role of magnesium has been well
established in the prevention and reduction of
seizures in pre-eclampsia. Further investigations
evaluating cardiac status may be indicated based
on signs and symptoms as elicited by the 2019
American College of Obstetricians and Gynecologists
(ACOG) guidelines.*® Restrictive fluid strategy,
fluid and electrolyte balance, continuous invasive
BP monitoring (in those with uncontrolled high
BP, organ failure, and morbid obesity), optimal BP
control, regular foetal monitoring, and identifying
and managing early signs of organ dysfunction are
the keys to successful outcomes.!*?

Low-dose aspirin in a preventive role has been
studied extensively and is not a contraindication for
regional anaesthesia (RA). RA is the preferred mode
except in the presence of absolute contraindications:
coagulopathy, acute pulmonary oedema, uncontrolled
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seizures, and haemodynamic instability like hepatic
rupture or HELLP syndrome. Neuraxial technique
may be safely performed in experienced hands
with platelet count >70,000/uL, while avoided if
counts are <50,000/uL. In patients with platelet
count 50,000-70,000/uL, the decision has to be taken
weighing the risks and benefits. Precautions to prevent
haemodynamic variability during the administration
of GA and RA along with NSAIDs for pain relief have
been recommended in the ACOG guidelines 2020
unless there is the risk of renal dysfunction.

Concept of Pregnancy Heart Team and Cardiac
Obstetrics

Pregnancy heart team/cardiac obstetrics is a novel
concept of great interest.® The Maternal Levels
of Care Consensus Statement suggests stratifying
patients and allocating appropriate levels of care.’®
Cardiac Disease in Pregnancy (CARPREG) score and
modified WHO (mWHO) classification help in
risk stratification. Patients with pulmonary artery
hypertension and cardiomyopathies are at a higher
risk compared to women with simple congenital heart
disease. Peripartum cardiomyopathy (PPCM) is the
most common diagnosis for pregnant women with
heart failure and the differential diagnosis includes
Takotsubo or stress cardiomyopathy, exacerbation
of a pre-existing cardiomyopathy, such as familial
cardiomyopathy,  hypertrophic = cardiomyopathy,
arrhythmogenic right ventricular cardiomyopathy,
or left ventricular non-compaction cardiomyopathy.
Role of bromocriptine in the treatment of PPCM is
being studied. Artificial intelligence-based activity
trackers and screening tests such as routine 12-lead
electrocardiograms may identify early signs of heart
failure. The Tamil Nadu Pregnancy and Heart Disease
Registry was initiated to generate data which have
identified significant number of women with cardiac
diseases.?

Venous Thromboembolism

Venous thromboembolism (VTE) is an important cause
of SMM especially during the postpartum period.
Obesity, thrombophilia, APLA (Antiphospholipid
antibodies) syndrome, assisted fertility, multiple
pregnancy, surgical delivery, and sedentary life are
major risk factors, which can be assessed by the VTE
risk assessment tool as suggested by the NICE and
RCOG guidelines.

No strong evidence exists related to anticoagulant drug
dose and timing from the latest Cochrane review.!
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CRITICAL CARE IN OBSTETRICS

An approximately 3% to 8% of pregnant women require
obstetric care unit admissions in our nation.* Focused
obstetric critical care services which comprise level
3-4 care contribute tremendously toward reduction in
SMM. These specialised obstetric critical care units are
scarce and resource intensive. Hence, validated tools
like modified early obstetric warning score (MEOWS)
based on physiologic criteria have been developed to
recognise, triage, and treat high risk patients in a timely
and judicious manner to appropriate clinical settings.
The OB-CMI is useful for prospectively quantifying
the risk of severe maternal morbidity and need for ICU
admission in antenatal parturients.?#%

As the burden of critical illness continues to rise,
obstetriccritical care specialistsneed toalsoincorporate
tools like POCUS to detect, manage, monitor, and
prognosticate critical illnesses, including complex
pre-existing cardiac diseases. POCUS, especially lung
US, has been reliably shown to surpass the chest
radiogram “in the diagnosis of pulmonary oedema
and pleural effusions. Incorporating lung US using the
bedside lung ultrasound in emergency (BLUE) protocol
with rapid obstetric bedside echocardiography can
help differentiate causes of unexplained dyspnoea
or cardiopulmonary dysfunction, especially in cases
of pre-eclampsia. The number of B-lines (> 3) in at
least 2 bilateral lung zones is a definitive finding of
interstitial syndrome and a real-time lung US benefit
in the assessment of extravascular lung water, disease
progression, or resolution.P It has also emerged as
a useful aid for pregnant patients with coronavirus
disease-19 to diagnose and treat respiratory failure.

POCUS is useful in guiding resuscitation during PPH
along with being a quick and reliable tool to rule
out intraperitoneal haemorrhage postsurgically or
following trauma.®%

ROTEM has an established role in the prolonged
management of PPH in the ICU, wherein it has
displayed the potential to reduce blood product
requirement thereby aiding in goal directed patient
blood management and overall recovery. #0557

Maternal sepsis is one of the leading causes of death
across the globe especially in the developing world
and a major cause of ICU admission. Physiological
changes delay detection of maternal sepsis and
hence enhanced vigilance is warranted as the organ

24

dysfunction secondary to sepsis usually results in
cardiac dysfunction. Use of obstetrically modified
quick sequential organ failure assessment has been
recommended to overcome the physiological changes
which mask the detection of sepsis.[555%

The cardio-depressant effects of inflammatory
interleukins, oxidative stress, and mitochondrial
dysfunctionleadingtocardiomyocyte apoptosishasbeen
implicated in sepsis-induced cardiomyopathy. Hence,
learning the skills of transthoracic echocardiography
assists in rapid assessment of haemodynamic function,
need for vasopressors, and guides treatment modalities.
Revised definitions of septic shock lay emphasis on
monitoring of serum lactate levels >2 mmol/L. The
hour-one bundle approach concept needs to be adapted
aggressively within the first hour of recognition of
sepsis. It consists of sending blood cultures with
early appropriate use of broad spectrum antibiotics,
respiratory and haemodynamic stabilisation using
balanced salt solutions (avoidance of sodium containing
solutions) and vasopressors (norepinephrine as first
line), early source control within 12 hours, monitoring
lactate levels, urine output, and prevention of
complications and sequelae.*°!

Successful outcomes with the use of extracorporeal
membrane oxygenation have been reported in
pregnancy both antepartum and postpartum.
Perimortem caesarean delivery, that is, resuscitative
hysterotomy or resuscitative uterine interventions is
currently done if return of spontaneous circulation
is not possible within 5 minutes of maternal cardiac
arrest.®” It facilitates resuscitation by relieving
aorto-caval compression in the mother. It should be
performed as quickly as possible without wasting time
on abdominal preparation, asepsis, or sophisticated
surgical equipments (only a scalpel is required).

SUMMARY

Obstetric anaesthesia is steadily progressing with
the incorporation of newer technology and a better
understanding of the maternal anatomy and physiology.
Newer concepts and modalities in labour analgesia
and anaesthesia for CS including RA techniques and
airway management are coming up. Techniques such
as POCUS including lung US and gastric US and
POCTs of coagulation based on viscoelastometry are
on the anvil to revolutionise perioperative obstetric
care. The use of scoring systems is now a new norm,
especially in obstetric critical care. All these have
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led to an improvement in the quality of perioperative 14

obstetric care and improved perioperative maternal
outcomes.
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ABSTRACT

Recent development in science has led to a significant improvement in safety for the anaesthetic
management of children. Enhanced recovery after surgery is one of the novel approaches aiming
to enhance paediatric surgical outcomes and their quick recovery. Preoperative counselling,
minimal fasting, and no routine pharmacological premedication are critical components of enhanced
recovery after surgery. As anaesthetists, management of airway is our priority and introduction of
paraoxygenation in addition to preoxygenation has resulted in reduction in desaturation episodes during
periods of apnoea. Safe care has been made possible by improvements in monitoring, equipment,
medications, techniques, and resuscitation protocols. We are motivated to collect more evidence

(=] [m]

anaesthesia

regarding ongoing disputes and issues, such as the effect of anaesthesia on neurodevelopment.

Key words: Airway, enhanced recovery after surgery, general anaesthesia, monitoring, regional

INTRODUCTION

Over the past few decades, anaesthesiology has made
tremendous improvements in patient safety, with a
notable decrease in mortality. This improvement is
mostly attributable to the advancement of science
and the creation of novel theories, medications,
procedures, and equipment. This narrative review aims
to highlight the scientifically proven advances in the
last 10 years in the field of paediatric anaesthesia. The
intent of this narrative review is to discuss important
recent paediatric anaesthesia developments.

PREOPERATIVE ANAESTHETIC MANAGEMENT

Duetoenhancedrecovery after surgery (ERAS), which s
aprotocolised approach with simultaneous application
of numerous pre-existing principles seeking to improve
the overall outcome for the patients, there have been
many changes made to the preoperative care of a
child. ERAS concentrates on all facets (preoperative,
intraoperative, and postoperative care). Preadmission
counselling and education are encouraged by ERAS
recommendations, in particular providing parents

with specific information regarding the type of surgery
being performed, anaesthesia management, and the
recovery schedule.l! Recent international consensus
has shifted from conservative long durations of fasting
toward a more liberal policy of 1 hour for clear fluids
and is endorsed by several national societies.” Gastric
ultrasound has played a major role in establishing
the safety for children while moving toward liberal
feeding practices.” Hospitalisation and surgery can
provoke significant stress and anxiety in children
with adverse outcomes. As a routine, ERAS does
not recommend pharmacological premedication for
anxiolysis, especially with long-acting agents, but if the
anxiety is significant, pharmacological intervention
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as anxiolysis is recommended. Nonpharmacological
agents like preoperative anaesthesia visit and use of
music and smart phones to allay anxiety have been
found to be beneficial.

INTRAOPERATIVE MANAGEMENT

Preoxygenation increases the safety during
apnoeic periods during intubation since children
physiologically havelow oxygen stores and high oxygen
demands, but it is difficult to practically apply because
of uncooperative nature of the children. Addition of
apnoeic oxygenation as a strongly recommended step
along with preoxygenation by many difficult airway
recent guidelines has provided safe apnoea period of
as long as 8 minutes in older children.*

ANAESTHESIA MONITORING

Traditionally, paediatric perioperative monitoring
was limited to basic clinical observations, and
was later supplemented with American Society
of Anesthesiologists (ASA) standards on basic
anaesthetic monitoring in most set-ups. Newer
technology aimed to provide more accuracy like
Masimo Signal Extraction Technology overcomes
the challenges of movement and low perfusion
artefacts during pulse oximetry. The noninvasive
pulse co-oximetry (SpHb) seems a reliable way of
monitoring the haemoglobin trend noninvasively. With
an increasing trend of sicker children being operated
for complex surgeries, newer monitoring modalities
are being explored. Near-infrared spectroscopy
used for measuring cerebral oxygenation during
complex cardiac repairs has failed to show mortality
benefit.”! Many noninvasive technologies for cardiac
output monitoring like oesophageal Doppler, pulse
contour analysis, and bioimpedance show promising
results in adults and are being evaluated in children.
But these technologies based on adult algorithms will
need fine tuning in children before they are accepted in
routine practice.l®” The transcutaneous measurement
of carbon dioxide is complementary to blood sampling
and capnography in children and may find a role in
procedural sedation monitoring without a definite
airway.”! Electroencephalography-based anaesthetic
depth monitoring is increasingly being used in older
children but lacks validity in infants and neonates.
As per a survey among paediatric anaesthesiologists,
the most frequently used depth of anaesthesia monitor
was the bispectral index monitor with very few using
Entropy, Narcotrend, and the Cerebral State Index.!®!

28

PAEDIATRIC AIRWAY

The Paediatric Perioperative Cardiac Arrest (POCA)
registry and ASA demonstrated that despite better
monitoring in terms of oxygenation, capnography
and advances in anaesthetic medications, airway
complications still continue to be one of the major
contributing factors leading to perioperative cardiac
arrest (27%) and brain death.

Assessment of the airway is a key component in
maintaining airway safety.!"!

The credibility of the Mallampati scoring system
has been questioned in uncooperative children
and thus many adopted more reliable Colorado
Pediatric Airway Score [COPUR; C hin, O pening
(mouth), P revious intubation difficulty and OSA,
U vula, R ange (of movements)].['"! The prospective
multicentre trial (NECTARINE; NEonate and
Children audiT of Anaesthesia pRactice In Europe)
found a higher incidence of difficult airway in
children less than 60 weeks post-conceptual age,
leading to severe hypoxaemia™? and thereby,
warranting a well-comprehensive plan for airway
management in the preoperative phase. Nowadays,
video laryngoscopes have taken a cardinal position
in the armamentarium of paediatric difficult
airway cart. A multicentric trial (VISI; Video
laryngoscopy In Small Infants) inferred that among
the anaesthetised infants, video laryngoscopy use
with a standard blade improved the first-attempt
success rate and brought down complications.!
Traditionally, uncuffed endotracheal tubes (ETTs)
were preferred in children aged less than 8 years
due to the fear of mucosal injury causing subglottic
stenosis. Magnetic resonance imaging has revealed
rima glottidis as the narrowest part of the larynx
in children. Consequently, this has encouraged
the use of newly designed micro-cuffed tubes in
the paediatric population. Not withstanding, the
selection of an appropriate ETT size is pivotal and
various formulae have been deployed for many
years, but ultrasound is emerging as the latest
tool for accurate measurement of the ETT size in
children. In addition to this, recent advances in
simulation-based training have become a valuable
tool to enhance technical skills and teamwork
execution during difficult airway management.
Despite the advancement in paediatric anaesthesia,
the controversy regarding cuffed versus uncuffed
ETTs persists.!*%!
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POINT-OF-CARE ULTRASOUND

Point-of-care ultrasound (POCUS), as a noninvasive
diagnostic tool, is evolving in the paediatric population.
Beyond the commonly used indications for invasive
procedures under vision, POCUS applications like
airway, lung, cardiac, and gastric ultrasound can be
used to guide critical clinical decisions perioperatively.
The role of ultrasonography in the selection of the
correct size of ETT as opposed to height and age-based
methods in the paediatric age groups has been
investigated. Demet Altun, et al.'® concluded from
their study findings that subglottic diameter measured
by ultrasound during apnoea appears to be reliable in
estimating the appropriate size of a cuffed paediatric
ETT. POCUS of the airway has the potential to evolve
as a first-line noninvasive addendum assessment
device in airway management.

While the use and popularity increases, we also
need to be aware of the limitations of ultrasound.!'”
Anaesthesiologists are still acquiring the skills and
POCUS being an operator dependent skill, can deliver
false results if not performed accurately. Similarly,
direct extrapolation of adult data in children may not
be reliable and studies to establish age or weight-based
cut-offs while interpreting results may be required.
Although available for intensive care and emergency
setting, there are no guidelines so far for the structured
use of POCUS in children perioperatively.

REGIONAL ANAESTHESIA

Regional anaesthesia (RA) in children has seen
new horizons due to the increasing availability of
ultrasound to the anaesthesiologists. Central neuraxial
block, which was the gold standard of yesteryears is
slowly being replaced with the truncal and peripheral
nerve blocks—erector spinae plane block, paravertebral
block, and quadratus lumborum block being among
the popular few.'™ Ultrasound has allowed these
blocks to be performed precisely, safely, and with
lower volumes of local anaesthetic as compared to the
blind techniques. Dexmedetomidine has emerged as
a useful adjunct to prolong the duration of action of
peripheral nerve blocks in children.?® But do newer
techniques always translate to better outcomes? Fascial
plane blocks have been implicated in higher incidence
of local anaesthetic systemic toxicity due to the higher
volume of local anaesthetic needed and faster absorption
from these planes. Adjuvants to local anaesthetics
in peripheral nerve blocks have been implicated in
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neurotoxicity. The safety of these procedures in children
needs to be established with larger data.

The American Society of Regional Anesthesia and Pain
Medicine (ASRA) and the European Society of Regional
Anaesthesia and Pain Therapy (ESRA) Joint Committee
worked on controversies of paediatric regional
anaesthesia (PRA). They issued practice advisories
on 1) the regional blocks either under sedation or
general anaesthesia (GA); 2) the test dose for epidural;
3) identifying the epidural space, the use of air versus
normal saline for loss of resistance; and 4) RA and the
risk of obscuring compartment syndromes.?!!

PHARMACOLOGY

Not only are new chemical compounds discovered

with the intention of maximising benefit with the least

amount of negative effects but also newer mechanisms
of delivery systems. The following are the new
compounds that have emerged in the last decade:

1. Remimazolam, a new  ultra-short-acting
benzodiazepine (BZD), acts on gamma amino
butyric acid-A (GABA,) receptor, containing
carboxylic ester moiety in its benzodiazepine
core which permits rapid hydrolysis to inactive
metabolites by nonspecific tissue esterase. Due
to its property of high clearance, and minimal
tissue accumulation, it has faster onset and
quick recovery.” In paediatric patients, the
initial dose is 0.2-0.3 ug/kg for induction,
followed by 1 mg/kg/h (2 mgkg/h of maximal
infusion rate) for maintenance.

2. A novel micro to macro (M2M) approach of
destabilising a microemulsion of propofol
immediately prior to injection is developed
which could improve stability and reduce pain
on injection in children.?*

3. Articaine belongs to the amide group of local
anaesthetics with thiophene ring and an ester
group that is metabolised by esterases in the
tissues with a half-life of about 20 minutes.
The faster onset and longer duration of action
is because of increased lipid solubility and
protein binding capacity of the drug, aiding
in its diffusion into the tissues and lipid nerve
membrane. In children, the maximum dose of
articaine 4% with 1:1,00,000 epinephrine is half
the lignocaine 2% with 1:1,00,000 epinephrine.™

Although the drug delivery systems are not very new
[total intravenous anaesthesia (TIVA), target control
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infusion (TCI), and liposomal drugs], their use in
paediatric patients has significantly increased in the
last decade.

EFFECT OF ANAESTHESIA ON NEURODEVELOPMENT
OF CHILD

Since the Food and Drug Administration®! published
their concern of association between general anaesthesia
(GA) and neurocognitive abnormalities for children in
2016, many clinical researches have been attempted
to determine the relation between GA and long-term
neurocognitive effects. The three most prominent
prospective studies, Mayo Anesthesia Safety in Kids
(MASK),2% general anesthesia spinal (GAS)®?” and
Pediatric Anesthesia NeuroDevelopment Assessment
(PANDA)"?®! found that a single GA exposure was safe.
In contrast, the MASK and PANDA studies found
significant neurocognitive changes with multiple
exposures but were unable to pinpoint the real culprit
being the number of exposures or the duration of
procedure. The GAS study found equivalence between
GA and local anaesthesia, suggesting that long-term
adverse neurocognitive outcomes could be the result of
surgical procedures or other factors and not really the
consequence of anaesthetic agents. A multicentric trial
(T REX; Trial Remifentanil and dEXmedetomidine) is
going on to establish the safety of dexmedetomidine."!

PAEDIATRIC ADVANCED LIFE SUPPORT GUIDELINES
(2020)

With the ongoing advancements in medical science,
the resuscitation guidelines® are updated every
5 years with the latest edition being released in 2020.
The updates are discussed under three subheadings:
prearrest, intra-arrest, and postarrest. Prearrest care
recommends the use of extracorporeal life support and
extracorporeal pulmonary resuscitation in children
with acute myocarditis with arrhythmias, heart block,
ST-segment changes, and/or low cardiac output with
the idea of avoiding the onset of cardiac arrest. The
fluid resuscitation in sepsis is modified to cautious
fluid bolus of 10 ml/kg as compared to earlier 20 ml/kg
with isotonic crystalloids with continuous monitoring
and early addition of adrenaline or noradrenaline
in fluid-refractory septic shock. While continuing
the emphasis on high-quality cardiopulmonary
resuscitation, the guidelines suggest early administration
of adrenaline within 5 minutes for nonshockable
rhythm. The most important change in intra-arrest care
is the recommendation for higher respiratory rate (20-30

30

breaths/min) in children receiving cardiopulmonary
resuscitation with advanced airway and during rescue
breaths. Cuffed ETTs are found reasonable as they
decrease the need for tube changes but with attention
toward the size, position, and cuff pressure (<20 cm
H,0). The use of cricoid pressure is not recommended
as it does not reduce the risk of regurgitation and may
impede intubation success. Naloxone has been added
for reversing respiratory arrest due to opioid overdose.
Postarrest care continues to emphasise on maintaining
homeostasis and targeted temperature management
in unconscious children after attaining return of
spontaneous circulation. The use of continuous
electroencephalography monitoring in identifying
nonconvulsive seizures has been added. Recovery link
is new to “The Chain of Survival,” emphasising the role
of postdischarge care in survivors.

SUMMARY

There are many advancements in the practice of
paediatric anaesthesia [Table 1]. Updating the
knowledge regarding recent advances helps in
achieving better quality and safety in care. Although
most advances follow from adults, they may not always
be equally relevant in children. The global disparity in
healthcare services limit the uniform access of these
advancements. Nevertheless, they need to stand the
test of time before advances can be considered the
standard of care globally.

Table 1: Key Points

Key Points
Enhanced recovery after surgery (ERAS), is a protocolised
approach with simultaneous application of numerous pre-existing
principles seeking to improve the overall outcome for the
patients.
Fasting duration of 1 h for clear fluids is recommended.

Preoxygenation and apnoeic oxygenation improve safe period for
intubation.
Advanced monitors - Masimo SET, NIRS, pulse contour analysis,
electrical cardiography, thoracic bioreactance, bioimpedance,
BIS (EEQG) electrical cardiometry, impedance cardiography,
bioimpedance and bioreactance have been described and
validated.
Centrineuraxial blocks have been replaced by peripheral nerve
blocks.
Remimazolam, Articaine are new drugs for paediatric usage.
MASK, GAS, and PANDA trials are crucial in giving conclusive
remarks for effect of anaesthesia drugs on neurodevelopment of
brain.
AHA-PALS 2020 guidelines have made many important
modifications.
SET: Signal extraction technology; NIRS: Near-infrared spectroscopy;
BIS: Bispectral index; EEG: Electroencephalography; MASK: Mayo Anesthesia
Safety in Kids ; GAS: General anesthesia spinal trial; PANDA: Pediatric

Anesthesia NeuroDevelopment Assessment; AHA-PALS: American Heart
Association-Pediatric Advanced Life Support
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ABSTRACT

Organ transplantation has undergone remarkable revolution in the last two decades and offers
a scope for survival amongst patients with end-stage organ failure. Along with availability of
advanced surgical equipment and haemodynamic monitors, minimally invasive surgical techniques
have emerged as options for surgery both amongst the donors and recipients. Newer trends in
haemodynamic monitoring and expertise in ultrasound guided fascial plane blocks have changed the
management in both donors and recipients. The availability of factor concentrates and point-of-care
tests for coagulation have allowed optimal and restrictive fluid management of patients. Newer
immunosuppressive agents are useful in minimising rejection following transplantation. Concepts
on enhanced recovery after surgery have allowed early extubation, feeding and shorter hospital
stay. This review gives an overview of the recent progress in anaesthesia for organ transplantation.

Key words: Advances, anaesthesia, organ transplant

INTRODUCTION

Transplant surgeries are the finite treatment in
the correction of end-stage organ diseases. Several
advancements including robot-assisted laparoscopic
surgery and newer improved immunosuppressive agents
have contributed to better graft function and patient
outcomes. This review essentially focusses on the
advances in the anaesthetic management of abdominal
solid organ transplantation. The extended criteria donor,
marginal donors and ABO incompatible renal and liver
transplantation have made it possible to narrow the gap
between the organ donors and increasing number of
patients awaiting transplant. The organs from marginal
donors are at a higher risk of early allograft dysfunction
which underlines the importance of optimising the
perioperative care of these patients.

Goal-directed therapy is being increasingly utilised
in transplantation and is also a part of the enhanced
recovery after surgery (ERAS) guidelines.?* The

benefits of protocolised fluid management are

uncertain and will need validation in the future.®
The introduction of ultrasound-guided fascial plane
blocks (FPBs) amongst recipients has eliminated or
reduced the need for postoperative opioids. This has
allowed fast tracking (FT) of surgeries and on-table
extubation which, besides reducing costs, has allowed
improved graft functions and shorter hospital stay.

RECENT UPDATES IN THE PERIOPERATIVE
MANAGEMENT OF LIVER TRANSPLANTATION

The major progress made in the perioperative
management of liver transplant (LT) patients includes
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the introduction of advanced monitors to assess cardiac
output (CO), administration of factor concentrates,
implementation of principles of ERAS as well as FT
of surgeries.

Cardiac output monitoring during liver transplant
surgery

Minimally invasive monitors based upon arterial
pressure-based CO analysis appear to be replacing the
more invasive monitors even in transplant surgeries.
The most popular FloTrac-Vigileo analyses the pulse
waveform from the radial artery.”! The cardiovascular
physiology in liver disease is associated with a high
CO and a low systemic vascular resistance state.
Comparisons of the FloTrac with the pulmonary artery
catheter (PAC) consistently show poor correlation.®
However, it appears that the basic trends and estimates
of the systemic vascular resistance are useful in
transplant surgery.

With an awareness that intraoperative hypotension
can increase the risks of perioperative acute kidney
injury and cerebrovascular accident, a model
to predict hypotension, called the hypotension
prediction index (HPI) has been introduced with
a platform {Hemosphere -Edwards-Lifesciences}.
The HPI can predict the occurrence of hypotension
significantly earlier than that can be recognised by
clinical monitoring in noncardiac surgeries.l! This
artificial intelligence-based prediction can predict
with 80-85% sensitivity and specificity, the occurrence
of hypotension even 15 minutes before the event.

Unfortunately, its application in LT appears limited on
account of the venous clamps applied during surgery
that confounds the HPI.

Admittedly, the PAC has slowly lost its place in CO
monitoring due to its invasiveness and risks during
placement; however, the emerging gold standard
transoesophageal echocardiography (TEE) is yet to
find a permanent position in the LT scenario.'” With
adequate precautions for oesophageal varices, the TEE
probe can be used in the mid-oesophageal position
to avoid gastric variceal bleeding. Nevertheless,
availability, the technical expertise required and costs
are the major limitations to its use.

The pulse contour cardiac output (PICCO) uses a
dual technology that incorporates thermodilution
derived CO with the temperature change sensed by
a thermistor located at the tip of a catheter placed
in a major artery in addition to the CO assessed by
pulse contour analysis. This technology also provides
additional haemodynamic parameters such as
global end diastolic volume, and extravascular lung
water in addition to the measures of left ventricular
contractility and cardiac function which is useful in the
postoperative intensive care unit (ICU) management
of LT recipients [Table 1].1'"

Coagulation factor concentrates in liver

transplantation

The use of blood products in LT patients may worsen
fluid overload, portal hypertension and paradoxically

Table 1: Comparison of the current modalities in CO monitoring

Equipment FloTrac Vigileo/EV 1000 Hemosphere PiCCO Transoesophageal
echocardiography (TEE)
Tool for FloTrac sensor Acumen 1Q sensor Thermodilution catheter in internal TEE probe and echo machine
measurement jugular vein and with femoral artery
thermal sensor
Technology Arterial pulse Machine-based artificial ~ Thermodilution and pulse contour Direct estimation of cardiac
contour-derived cardiac intelligence learning analysis (PCA) output
output
Monitoring Radial arterial line Radial arterial line Central line and a femoral arterial TEE probe in oesophagus/
lines line stomach
Parameters MAP*, COf, SVVH, SVS, MAP*, COf, SVVi, SV§, COf by thermodilution Direct estimate of cardiac
SVR!, DO.Y, VO,** SVRI, DO.Y, VO,** CO' by PCA function, CO", fluid
dp/dt: Contractility Global end diastolic volume and replacement, LVOTO#,
Ea,,,: Compliance ejection fraction, cardiac power intracardiac thrombus,
index, Cardiac Function Index, pulmonary artery crises/
EVLWI', permeability index, dp/dt ~ Nypertension
Limitations Poor correlation with Expensive Expensive. Invasive, risk of bleeding with

PAC. IVC clamping effects

Hypotension Prediction
Index prediction

varices.
Expertise in interpretation

Requires femoral arterial line in
coagulopathic patient

*MAP-Mean arterial pressure, ‘CO-Cardiac output, :SVV-Stroke volume variation, SSV-Stroke volume, ISVR-Systemic vascular resistance,f| DO,- Oxygen delivery,
**VO,- Global oxygen consumption, "EVLWI- Extravascular lung water index, #LVOTO- Left ventricular outflow tract obstruction, PAC-Pulmonary artery catheter,

PiCCO-Pulse contour cardiac output
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increase bleeding during surgery. Allogeneic blood
product transfusion in LT is associated with increased
morbidity in terms of respiratory complications and
mortality. The prothrombin complex concentrate (PCC)
and fibrinogen concentrate (FC) [Table 2] have
been used for management of coagulopathy as an
alternative to fresh frozen plasma, with the added
benefits of reduced volumes of transfusion. Studies
have established the safety of PCC and FC in LT and
demonstrated that their use did not cause higher
incidence of thrombotic or ischaemic complications
compared to allogenic blood product use.™?

Refinements in coagulation monitoring

Viscoelastic tests including the thromboelastography
(TEG) and rotational thromboelastometry (ROTEM)
havereplaced static testsinliver transplantation."® The
newer TEG 6s platform measures clot viscoelasticity
by using resonance technology with light-emitting
diode illumination and an infrared detector. The
formation of the clot changes the resonance and that
is converted to a graphical image. The ROTEM sigma’s
refinement over earlier models is the use of a fully
automated cartridge that reduces handling and errors
in interpretation.!4

Analgesic options in liver transplant

Short acting opioid infusions like fentanyl are
used intraoperatively at 0.5 pg/kg/h and continued
postoperatively for 12 hours. Opioid analgesia
postextubation is provided as per demand only to
avoid overdosing due to delayed hepatic metabolism.
Paracetamol can be supplemented at a dose of 1
gram 8" hourly when required. While it is believed
that end-stage liver disease patients have lower

Table 2: Coagulation factor concentrates

Product Prothrombin Complex Fibrinogen
Concentrate (PCC) Concentrate
Preparation Lyophilised powder Lyophilised powder
Contents 3 Factor PCC (ll, IX, X) Human fibrinogen
4 Factor PCC (ll, VII, IX,
X)+ Proteins C and S,
Heparin
Availability 500 U,1000 U/vial 1, 2 graml/vial
Dose 25-50 U/kg/dose. 25-50 mg/kg/dose
Single dose should not
exceed 3000 U
Reconstitution 20-40 ml water - infused 50-100 ml water -
and Use over 30 min over 30 min
Contraindications Heparin allergy/History  Hypersensitivity to
of HIT* any contents

Storage/Shelf life 3 years at <25°C 5 years at room

temperature

*HIT- Heparin-induced thrombocytopenia

34

requirements for analgesics, the large surgical incision
with surgical retraction may warrant adequate
intra- and postoperative analgesia. FPBs including
the transversus abdominis plane (TAP) block and
rectus sheath block (RSB) may decrease analgesic
requirements. The erector spinae (ESP) block at the
thoracic level with bilateral catheters is being explored
as a suitable analgesic option in donor hepatectomy
and may emerge as an option for liver recipients in
the future.

Enhanced recovery after surgery in liver transplant
surgery

Concurrent with advances in anaesthesia and
intensive care for LT, the focus has now shifted towards
improving outcomes following surgery. The ERAS
guidelines, which have been established in abdominal
surgery, have been extended to LT surgery as well.
In LT, apart from the routine ERAS interventions,
nutritional assessment, protein supplementation,
oral carbohydrate loading in selected patients as well
as the intraoperative use of a porto-caval shunt are
recommended.™

Of particular interest in recent times has been the use
of FT after LT. This may comprise early or on table
extubation with or without bypassing the ICU stay in a
select subset of patients. FT has been shown to be safe
and cost-efficient without adversely affecting patient
and graft outcomes. Acceptance of FT is on the rise as it
has been shown to improve the graft blood flow, reduce
ventilator associated complications, improve patient
comfort and lead to better utilisation of resources.!""
A low preoperative Model for End-Stage Liver Disease
score, good performance status, transfusion of less
than 5 units of packed red blood cells, low inotropic
support, down trending blood lactates, good graft to
recipient weight ratio, low-risk vascular anastomoses
and short duration of surgery have been suggested as
guidelines for ‘on table extubation’ and FT.1"”!

Renal replacement therapy in liver recipients

Renal replacement therapy (RRT) in liver recipients
may be needed in the context of acute on chronic liver
failure (ACLF) or acute liver failure (ALF) and carries a
higherrisk formorbidity. Indications forinitiatingRRT are
oliguria, acidosis, volume overload and hyperkalaemia.
For the aforementioned indications, haemodialysis or
sustained low efficiency dialysis can be performed.
In ALF and ACLE hyperammonaemia can result in
cerebral oedema, and continuous RRT (veno-venous
haemodialysis, haemofiltration or haemodiafiltration)
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is used in management.[**'1 The extracorporeal circuit
needs anticoagulation that needs to be balanced, given
the native coagulopathic state, and citrate is emerging
as an option. Perioperative concerns include the space
for the circuit, temperature maintenance of the dialysate
fluid, hypocalcaemia and citrate toxicity.

Extracorporeal membrane oxygenation in LT
Extracorporeal membrane oxygenation (ECMO) is
useful in patients with cardiorespiratory failure
following transplant, but cases are few and outcomes
equivocal. Veno-venous ECMO may have a role in
persistent hypoxaemia due to hepatopulmonary
syndrome following transplant.*"!

RECENT ADVANCES IN THE PERIOPERATIVE
MANAGEMENT OF RENAL TRANSPLANTATION

Latest research and guidelines have come forward with
evidence in support of restricted and goal-directed fluid
therapy guided by minimally invasive CO monitors.
Opioid-sparing analgesic techniques including the
FPBs are also being explored for their utility in the
management of renal transplantation patients.

Perioperative management of renal donors

Renal donors are largely living donors, and the graft
is retrieved by open, laparoscopic or robotic-assisted
techniques. Analgesic options for donor nephrectomy
have evolved from the traditional epidural blockade
to multimodal analgesia (MMA) options that include
opioids (infusion/patient-controlled = analgesia),
continuous wound infiltration catheters, and FPBs
like TAP, quadratus lumborum (QL) and ESP blocks.
Intrathecal morphine in low doses reduces the
haemodynamic response to pneumoperitoneum and
systemic opioid consumption.?!

Perioperative management of renal recipients

The latest development in this field is the introduction
of robotic-assisted kidney transplantation which
carries the advantages of being minimally invasive,
allows finer vascular anastomosis aided by 3-D vision
and elimination of tremor. However, the learning
curve, cost and availability of equipment and the
longer operating time may curtail its use in the initial
phases.!!

Haemodynamic management of renal transplant
recipients

End-stage renal disease (ESRD) patients pose a
unique challenge to the anaesthesiologist by virtue
of multisystemic involvement. Patients can present
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with altered fluid balance, dyselectrolytaemia and
coagulation derangements which may contraindicate
central neuraxial anaesthesia techniques. A restricted
and goal-directed fluid therapy is recommended
for the renal recipient targeting a central venous
pressure (CVP) of 8-12 mmHg and mean arterial
pressure (MAP) between 80 and 110 mmHg at the time
of graft reperfusion. A higher MAP is recommended,
and hypotension should be avoided in the newly
grafted kidney.*®! A recent consensus statement by the
Committee on Transplant Anaesthesia recommends
the use of balanced salt solutions (lactated Ringer’s
solution) over normal saline to reduce acidosis and
hyperkalaemia. Evidence from literature supported
avoidance of any type of colloids like hydroxyethyl
starch, and there is little evidence for routine use
of albumin.® Excessive fluid administration causes
concern in ESRD patients who often present with
right ventricular volume overload. Individualised
goal-directed fluid therapy can decrease the incidence
of delayed graft function afterrenal transplant.*?/Recent
studies have proven that incorporation of inputs from
dynamic indices such as the stroke volume variation
and CO by use of minimally invasive technologies are
superior to static parameters like CVP, MAP, perfusion
index and pleth variability for fluid responsiveness.**

CVP monitoring is still a standard clinical practice
for guiding intraoperative management of fluids and
inotropes. Transoesophageal Doppler and Flotrac™
have been useful in intraoperative goal-directed fluid
therapy in renal transplant recipients,® but studies
are limited and there are no universal guidelines
regarding their use.

Postoperative pain management in renal recipients
Postoperative pain management plays a vital role
in early recovery and ambulation of transplant
recipients.* Standard MMA is not feasible
as nonsteroidal anti-inflammatory drugs are
contraindicated. Each analgesic option has advantages
and disadvantages [Table 3]. Opioids are to be
administered cautiously post-transplant, as the graft
function may not be completely normal and opioid
elimination may be prolonged. Fentanyl and its
derivatives are short acting and safer but can be
associated with respiratory complications. Epidural
blocks provide optimal analgesia, but is associated
with risks due to uraemia-related platelet dysfunction
and residual heparin post haemodialysis. In addition,
hypotension with local anaesthetic usage may affect
graft perfusion and function.
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Table 3: Postoperative analgesic options in renal transplant recipient

Analgesia Drug/technique Route/site Advantages Disadvantages

Opioids Iv* Potent analgesia, infusions Respiratory depression, urinary retention,
prolong duration PONV*

Intrathecal fentanyl/ Intrathecal Opioid sparing, improved Pruritus, delayed respiratory failure

Morphine analgesia,

Nonopioid analgesics/ IV*/Oral Paracetamol safe:part of MMAS Potential nephrotoxicity

NSAIDs*

Magnesium Iv* Opioid-sparing analgesia, MMAS  Hypotension, confusion, respiratory

Useful in chronic neuropathic

depression and cardiac arrhythmias

and opioid resistant pain

Epidural analgesia Epidural space

Catheter sited between |07
and TA** and other in the
subcutaneous plane

Continuous wound
infiltration with LA||

Gold standard for major open
thoracic/abdominal surgeries
Reduces hyperalgesia

Allows early ambulation,
reduces stress response and

Hypotension can affect graft function
Delayed ambulation

Local anaesthetic systemic toxicity (LAST)
Risk of wound infection

immunomodulation

Transversus abdominis
plane block

LA|| deposited in the plane
between |07 and TA*

Quadratus Lumborum (QL) LA]|| injected adjacent
block to QL muscles to block
thoracolumbar nerves

Erector spinae plane block  LA|| injected between
transverse process and

erector spinae muscle

Lidocaine IV infusion

Opioid sparing analgesia
Reduces PONV*

No motor block, enables early
ambulation

Provides both somatic and
visceral analgesia between T-L,

Opioid sparing
Provides both somatic and
visceral analgesia between T,-L,  Spread to paravertebral and epidural space

Opioid-sparing, reduces ileus

Provides only somatic analgesia, no visceral
analgesia, dermatomes covered are T’-L'

Technique used and patient anatomy affect
block

Technical expertise required
Motor block can delay ambulation

Technical expertise

Pneumothorax
LAST, drowsiness

*IV -Intravenous, 'fPONV- Postoperative nausea and vomiting, INSAIDS- Nonsteroidal anti-inflammatory drugs, SMMA- Multimodal analgesia, |LA- Local

anaesthetic|,710- Internal oblique, **TA- Transversus abdominis

Ultrasound-guided abdominal FPBs have eliminated
the need for central neuraxial blockade and provided
equivalent analgesia with greater safety. The
simplest of the blocks is the TAP block [Figure 1a].
A large volume of local anaesthetic (20 ml of 0.25%
bupivacaine or 0.2% ropivacaine) is used for providing
analgesia on the side of graft implant, commonly the
right. Combination of TAP block with RSB!*! provides
profound and long-lasting analgesia.

An alternative block is the QL block [Figure 1b] that
is performed by using 20 ml of 0.25% bupivacaine or
0.2% ropivacaine, and its effect could last for about
24 hours. QL block type 1 significantly reduced
24-hour fentanyl consumption and pain scores in renal
transplant surgeries.®¥ The most recent is the ESP block
[Figure 1c] which is a novel technique for perioperative
analgesia and can be used in the renal recipient
surgery. Following identification and dissection of the
plane, a catheter can be inserted to provide continuous
analgesia by infusion of 0.2% ropivacaine at 10 ml per
hour.” Continuous wound infiltration requires two
specialised catheters [Table 3]. An initial bolus of 5 ml
0.2% ropivacaine is followed by a continuous infusion
at 5 ml per hour through each catheter."
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Enhanced recovery after surgery in renal
transplantation surgery

Kidney transplant recipients have multiple
co-morbidities and are worked up extensively
preoperatively; hence, implementation of ERAS

protocols in these patients can result in better
postoperative outcomes.®’ These protocols aim
at reducing medical and surgical complications,
length of hospital stay and healthcare costs. As
anaesthesiologists, we can play a pivotal role in
implementing ERAS by efficient preoperative
optimisation, intraoperative fluid management and
adequate postoperative pain management.

Critical care management of renal recipient

The goals of post-transplant management focus
upon haemodynamic monitoring, assessment of graft
function, initiation of immunosuppressants along
with fluid and pain management. Most patients are
extubated on table if there is reasonable evidence of
vascular integrity and graft function. Noninvasive
ventilation may be useful in the event of inadequate
respiratory efforts or volume overloaded patients.
Vascular integrity is assessed by the resistive index
using Doppler, and elevations could herald onset of
graft dysfunction subsequently. Delayed graft function
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Figure 1: (a) TAP block showing external oblique (EO), internal
oblique (I0) muscle and drug deposition in between |0 and transversus
abdominis (TA) muscle (b) Quadratus Lumborum (QL) block showing
common sheath of EO, 10 and TA and QL muscle. (c) Erector spinae
block showing rhomboid, trapezius and erector spinae muscle and
transverse process of T8-9

is manifested by decreasing urine output and may
need haemodialysis until recovery.

While diuretics are to be used cautiously following
transplantation, loop diuretics can be used to manage
hypertension following transplantation.*”? Haematocrit
should be maintained between 27 and 30%. If a
decision to perform transfusion is made, then packed
red cells that are leukocyte depleted and irradiated
should be used to prevent antibody-mediated rejection
and graft versus host disease, respectively. Calcium,
potassium and phosphate levels are monitored closely
and corrected as per institutional protocol.

Current  immunosuppressive  regimens include
induction  with  antithymocyte  globulin  and
methylprednisolone and maintenance with tacrolimus,
methyl mycophenolate and methylprednisolone.
Immunosuppression may predispose to opportunistic
infections, and care should be ensured for prevention of
infections. Trimethoprim-sulphamethoxazoleis provided
as prophylaxis for pneumocystis carinii pneumonia for
up to 6 months and cytomegalovirus prophylaxis with
valganciclovir for susceptible patients.?32%

SUMMARY

Advancements in the field of transplant have resulted
in improvements in the perioperative management of
transplant patients. The transplant anaesthesiologist
needs to be aware of the recent innovations and
practices in monitoring and to modify the conduct

Indian Journal of Anaesthesia | Volume 67 | Issue 1 | January 2023

of anaesthesia to suit the expanding surgical profiles.
Large randomised trials amongst the subset of Indian
patients may provide clearer insights and guidelines
for optimal patient management in the future.
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ABSTRACT

The patients presenting for surgery today often belong to the extremes of age, have multiple
co-morbidities, and undergo complex surgeries. This makes them more prone to morbidity and
mortality. A detailed preoperative evaluation of the patient can contribute to reducing this mortality
and morbidity. There are various risk indices and validated scoring systems and many of them need
to be calculated using preoperative parameters. Their key objective is to identify patients vulnerable
to complications and to return them to desirable functional activity as soon as possible. Any individual
undergoing surgery should be optimised preoperatively, but special considerations should be given
to patients with comorbidity, on multiple drugs, and undergoing high-risk surgery. The objective of
this review is to put forth the latest trends in the preoperative evaluation and optimisation of patients
undergoing noncardiac surgery and emphasise the importance of risk stratification in these patients.

Key words: Postoperative complications, preoperative rehabilitation, risk assessment

INTRODUCTION

undergoing surgery. This has necessitated modification
in the perioperative care of patients."

A detailed pre-anaesthetic evaluation allows for the
systematic validation of perioperative risks allowing
us to optimise the functional and physiological
status of the patient and ameliorate the perioperative
complications.

The prime objective is to establish solidarity between
the anaesthesiologist and the patient which warrants
a mutual understanding of plans for anaesthesia
technique and identifying risks associated with the plan.
The secondary objective is to advise premedication
drugs and perform any interventions required before
surgery.l!! An important requirement for risk assessment
is to order investigations on an individual basis and
obtain referrals from other specialities. Effective
preoperative assessment can decrease delay and
postponement of the surgery on the day of surgery.””’

Over the decades, several changes have occurred in
the healthcare sector and now patients with advanced
age or several co-morbidities on polypharmacy are

With the increase in patients' awareness, knowledge,
and perception of safe anaesthesia and surgery, more
sensitive preoperative assessment tools are needed.
This article systematically describes and evaluates
the existing literature on preoperative assessment and
reviews the recent developments on this topic.

METHODS OF PRE-ANAESTHETIC EVALUATION

History and examination
A detailed history, thorough physical examination,
and laboratory investigations are the cornerstones
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of preoperative optimisation [Table 1]. Prior history
of any detrimental reactions to anaesthesia, difficult
intravenous canulation, complications with airway
management, prolonged emergence, postoperative
nausea/vomiting, and delirium must be taken
in detail.™ It can be more specific e.g., whether
the patient is posted for elective or emergency
surgery, a cardiac patient coming for non-cardiac
surgeries, patient on an anticoagulant, etc., In the
geriatric population, evaluation of the functional
through comprehensive
be done to identify patients at risk and predict

complications.®?

status measures must

All the medications that the patient is taking have to
be carefully documented along with the doses. Also,
the history of intake of over-the-counter and herbal
medications, illicit drug use, any addiction, malignant
hyperthermia, or any other adverse reactions has to
be elicited.®” Anthropometric measurements and
haemodynamic parameters should be recorded.
Careful examination of the airway and spine should be
done. A systematic and complete review of the various
organ systems should be done [Table 2].

Risk assessment

The patient can be classified into a risk category by
using standardised quaestionaries or self-administered,
electronic questionnaires which have also been found
to be acceptable to patients.”? Tools for risk assessment
may be divided into risk scores and prediction models,
which are normally developed using multivariable
analysis of risk factors leading to certain determined
consequences.

Risk assessment based on co-morbidities

The American Society of Anesthesiologists physical
status (ASA PS) grading is helpful in developing an
anaesthetic plan,” but it is subjective and may have
intraoperative variability. Also, it does not take into
account the preoperative physiological and functional
status of the patient, type of surgery, and post-operative
care.

A combination of the standardised questionnaires like
CAGE (an acronym for Cutting down, Annoyance by
criticism, Guilty feeling, Eye-openers)® and laboratory
tests such as carbohydrate-deficient transferrin (CDT)
a biomarker and gamma-glutamyl transferase (GGT)
should be used for the detection and monitoring of

Table 1: General health assessment

Organ system Relevant points to consider

Relevant points to
consider

Relevant points to
consider

Relevant points
to consider

Cardiovascular Hypertension (baseline blood pressures,

what medications, any complications)

COPD: (Medications used, frequency

of exacerbations, steroid use, on home
oxygen, recent infections, any recent PFT
information, recent CXR data if applicable)
Diabetes Mellitus (Type | vs I,
medications used, home fingerstick
readings, last HbA1C, any known macro/
microvascular complications)

List any deficits including residual effects
of old CVAs

History of bleeding disorders, blood clots
History of steroid use, lung/systemic
involvement, any known joint (i.e.,
atlanto-axial) instability

Pain Preoperative pain score and document
any history of chronic pain and list all
preoperative pain medications and dosages
taken by the patient (chronic opiate users
may require more intra-operatively)

List any recent pertinent coagulation
studies, if/when anticoagulation was
reversed

List all other medical conditions

Pulmonary

Endocrine

Neurological

Haematological
Rheumatological

Is the patient on
anticoagulation
medications?

Other

Coronary artery disease
(history of MI, stents/
CABG, recent functional
studies (stress testing,
cath reports, echos)
Asthma (Medications
used, frequency of
exacerbations, ever been
intubated, steroid use)

Adrenal insufficiency

Arrhythmias (what
medications used, any
implanted devices,
recent symptoms,
Holter tests, etc)
Smoking history (Pack
year history, recent
episodes of bronchitis,
sputum production)

Sleep apnoea
(may be a
predictor of
difficult airway)

COPD=Chronic obstructive pulmonary disease, CXR=Chest X Ray, PFT=Pulmonary Function Test, CABG=Coronary artery bypass graft, CVA=Cerebrovascular

accident, MI=Myocardial ischaemia, HbA1C=Glycosylated haemoglobin
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Table 2: Detailed physical and systemic examination

Review of systems History signs and symptoms

Measures taken

Constitutional
motion sickness symptoms

Cardiovascular
activity level

Pulmonary

Recent fevers or infections, night time sweating,
Exercise tolerance (how many stairs?), angina,

Shortness of breath, cough, dyspnoea on exertion,

Complete exam, note any deficits discovered and
compare with old records

Complete exam with a focus on murmurs or rubs, check
for bruits

Complete exam with a focus on wheezes or crackles

smoker, use of inhalers, baseline oxygen if applicable

Gastrointestinal
Haematology
Musculoskeletal

Reflux symptoms, fasting status
Easy bruising or bleeding

motion of extremities

Any cervical motion instability, myalgias, range of

Complete exam, note any clubbing, deformities, bruising,
and gauge level of difficulty for intravenous access

heavy alcohol use as they are more effective than using
either the laboratory tests or questionnaire alone.

For cardiac peri-operative risk stratification,
considering comorbidities using age-adjusted scores,
such as the National Surgical Quality Improvement
Programme (NSQIP) model,*”’ Charlson comorbidity
index (CCI)*Y or the revised cardiac risk index (RCRI)!*#
have been recommended. In a critical review, authors
report that CCI is clinically useful and also provides
a valid assessment of the patient’s clinical status, and
distinguishes diagnostic and prognostic differences
amongst subsets of patients sharing a similar medical
diagnosis.!'!! In their prospective study, Davenport DL
et al."® recommend that the NSQIP risk factors should

be used to validate the ASA PS classification.

Functional status or exercise tolerance

It is measured in metabolic equivalents (METS).
One MET is the energy consumed by the body at rest
and is equivalent to 3.5 mL of oxygen consumed per
kilogram of body weight per minute. The ability to
climb a flight of stairs equates to a moderate exercise
capacity which corresponds to four METS and
this is interpreted as a lower risk of cardiovascular
complications.['! It is easy to measure and takes less
than one minute to complete. Another safe test that
characterises an individual’s functional capacity and
can predict whether they will withstand surgical
stress is cardiopulmonary exercise testing (CPET). It
includes measurement of gas exchange variables, pulse
oximetry, heart rate, 12-lead electrocardiography,
and intermittent blood pressure
during exercise, typically using a cycle ergometer. It
integrates the assessment of cardiac, respiratory, and
metabolic variables in a condition simulating that
of surgery. The major drawback is that it requires
specialised facilities and trained personnel and is
time-consuming.

non-invasive

Indian Journal of Anaesthesia | Volume 67 | Issue 1 | January 2023

The prevalence of major cardiovascular events
can be cumulated according to the type of surgery
performed. Minor surgery like cataract, and cosmetic
surgery has a <1% risk for a major cardiovascular
events. Otorhinological, urological and orthopaedic
procedures may have a 1% risk."® General abdominal
or intraperitoneal surgery or neurosurgical procedures
may account for =3% risk for cardiovascular
complications while peripheral vascular surgery,
thoracic, and transplant surgery may be associated
with =59% risk.["

Various risk assessment methods have been described
to assess perioperative complications related to the
respiratory and cardiovascular systems [Table 3]618
and [Table 4].15:19-221

Risk prediction tools

Physiological and operative severity score for the
enumeration of mortality and morbidity (POSSUM)
can be used in both elective and emergency cases.
It has two components: a physiological score
including 12 factors, and a surgical severity score,
with 6 operative factors. Over the years, POSSUM
was modified to Portsmouth POSSUM (P-POSSUM)
which corrects for the tendency of POSSUM to
overestimate surgical mortality in low-risk patients.
In a prospective study on fifty subjects undergoing
major general surgeries, the validity of P-POSSUM
was assessed and it was observed that this score
is a reliable predictor for determining the quality
of care given to a patient to avoid post-operative
complications that might lead to increased morbidity
and mortality.[*

Surgical APGAR score (SAS) is a 10-point scale
that was initially developed for evaluating patients
after general surgery or vascular procedures The
assessment is done postoperatively and is based on
three parameters: lowest heart rate and mean arterial
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Table 3: Various risk indices used for assessment of post operative pulmonary complications

Used Scoring Interpretation Advantage Disadvantage
ARISCAT Risk Overall Incidence of A weighted point score to Incidence of pulmonary  Simple to Inclusion of minor
Index!6l postoperative pulmonary  seven independent risk complications in patients calculate complications
complications (of any factors with scores stratified manually at of little clinical
severity) as low-, intermediate the bedside significance (e.g.,
and high-risk is 1.6, with readily new wheezing
13.3, and 42.2%'% available clinical treated with
respectively information bronchodilators)
Arozullah Predicts the incidence of  Based on several factors, Risk of respiratory Likely to be Too complicated
respiratory postoperative respiratory  including type of surgery, failure ranging from 0.5  of more value for use in clinical
failure index!"” failure (mechanical Laboratory results, to 26.6 percent in research practice
ventilation for 248 h) functional status, history settings.

Gupta calculator
for postoperative
respiratory
failurel®®

Gupta calculator
for postoperative
pneumonial'®

Calculator for
postoperative respiratory
failure

derived in a similar
manner to the respiratory
failure calculator

of chronic obstructive
pulmonary disease and
age

Uses multiple
preoperative factors to
predict risk of failure to
wean from mechanical
ventilation within 48 h
of surgery or unplanned
intubation/reintubation
postoperatively

Not possible
to perform this
calculation
manually

pressure, and estimated blood loss intraoperatively. It
helps in predicting postoperative intensive care unit
(ICU) admission.??

Acute physiology and chronic health evaluation
(APACHE 1I) analysis is commonly used in the ICU.
Even though it is not a surgical or anaesthetic score,
it is comprehensive. It estimates the patient’s clinical
and biological status accurately, allowing for mortality
prediction.

Detecting the risk of obstructive sleep apnoea

Owing to the increasing prevalence of obstructive
sleep apnoea, the Society of Anaesthesia and Sleep
Medicine guidelines recommend screening all patients
for obstructive sleep apnoea (OSA). Polysomnography,
though the gold standard for the diagnosis of OSA
is impractical to be used as a routine screening tool.
The existing OSA screening tools generally have high
sensitivity but low specificity implicating that the
false positive rate is high.*

In a prospective study on 137 consecutive adults, the
authors estimated that with every one-point increase
in the Mallampati score, the odds of having OSA
increased more than twofold.?® The STOP-Bang (an
acronym, which stands for snoring, tiredness, observed
apnoea, blood pressure, body mass index, age, neck
circumference, and gender) questionnaire is a good
screening tool for OSA.
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In a prospective study, 384 patients undergoing surgery
were screened for OSA. The specificity for predicting
moderate to severe OSA increased from 37-85% by the
addition of a serum bicarbonate level =28 mmol/L to a
STOP-Bang score =3.[20]

The STOP-Bang questionnaire gives all parameters
equal weight but not all items have equal predictive
value for OSA. A two-step scoring system may improve
performance, though it adds complexity. The first
step is the completion of the STOP-Bang score, and
assigning the degree of risk the patient has. The second
step is applied to intermediate-risk patients (i.e., score
3 or 4), and involves analysis of the specific items that
have been scored positive.?”!

A recent cohort study concluded that a patient having
a STOP-Bang score of =5 had a fivefold higher risk of
cardiovascular complications and a twofold increased
risk of respiratory complications than a patient with a
STOP-Bang score <5.[28

The Berlin questionnaire has questions on snoring,
increased sleepiness in the daytime, sleepiness while
driving, episodes of apnoea during sleep, hypertension,
and body mass index to categorise patients as having
low or high risk for OSA. In a meta-analysis of
cohort studies, patients who were screened for OSA
preoperatively were stratified as high risk if the Berlin
score was =2.[2%
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Risk Indexes

Table 4: Various risk indices used to predict perioperative cardiac complications!'

Parameter

Interpretation

Limitations

Goldman Cardiac
Index(5:191

Revised Cardiac
Risk Index 1999%%

Gupta
Perioperative Ml
and cardiac arrest
risk calculator
2011115.19.21]

Universal surgical
risk calculator
201 3[15,22]

Age over 70 years (5 points)
Myocardial infarction occurring within
the last 6 months (10 points)
Presence of heart failure

signs (jugular vein distention, or
ventricular gallop) (11 points)
Significant aortic stenosis (3 points)
Arrhythmia (other than sinus or
premature atrial contractions) (7 points)
The presence of 5 or more premature
ventricular complexes per minute (7
points)

Medical history or conditions including
the presence of PO2 less than 60;
PCO2 greater than 50; K below 3;
HCO-, under 20; BUN over 50; serum
creatinine greater than 3; elevated
SGOT; chronic liver disease; or the
state of being bedridden (3 points)
Type of operation: emergency (4
points); intraperitoneal, intrathoracic,
or aortic (3 points)

IHD: 1

Cerebrovascular Disease :1

H/O CHF: 1

Insulin therapy for diabetics: 1

Serum creatinine level: 22.0 mg/dL :1
Planned high risk procedure: 1

Age, ASA Class, Preoperative function
Creatinine level, procedural type
anorectal, aortic, bariatric, brain,
breast, cardiac, ENT, Foregut or
hepatobiliary, appendix, spleen,
intestinal, gynaecological, orthopaedic,
Other abdomen, peripheral vascular,
urological, vein

X=age * 0.02 + status + ASA+
creatinine + type - 5.25

Age, ASA class, gender, functional
status, emergency case, steroid use
for chronic condition, ascites or CHF
within 30 days of preoperatively
Required ventilator, DM, HTN
requiring medication, prior cardiac
event, disseminated cancer,
dyspnoea, current smoker within

1 year, History of COPD, ARF, BMI,
dialysis

Class | (0 to 5 points): correlates with
a 1.0% risk of cardiac complications
during or around noncardiac surgery.
Class Il (6 to 12 points): correlates
with a 7.0% risk of cardiac
complications during or around
noncardiac surgery.

Class Il (13 to 25 points):

correlates with a 14% risk of cardiac
complications during or around
noncardiac surgery.

Class IV (26 to 53 points):
correlates with a 78% risk of cardiac
complications during or around
noncardiac surgery.

Class | [0 predictors] correlates with a
0.4% 30-day risk of death, MI, or CA.
Class Il [1 predictor] correlates with a
0.9% 30-day risk of death, MI, or CA.
Class Il [2 predictors] correlates with a
6.6% 30-day risk of death, MI, or CA.
Class IV [greater than or equal to 3
predictors] correlates with a more than
11% 30-day risk of death, MI, or CA.

25th percentile=0.05% risk
50th percentile=0.14% risk
75th percentile=1.47% risk
90th percentile=1.47% risk
95th percentile=2.60% risk
99th percentile=7.69% risk

18 outcomes can be calculated
Serious complication (cardiac arrest,
myocardial infarction, pneumonia,
progressive renal insufficiency, acute renal
failure, PE, DVT, return to the operating
room, systemic sepsis, unplanned
intubation, UTI, wound disruption)

Any complication Pneumonia
Cardiac Complication (cardiac arrest
or MI)

Surgical Site Infection

Urinary Tract infection

Venous Thromboembolism

Renal Failure

Colon lleus

Colon Anastomotic Leak
Readmission

Return to OR

Death

Discharge to Nursing or Rehab Facility
Predicted Length of Hospital Stay

There have been significant
changes in the management

of surgical patients since the
development of this index.
Diagnostic and therapeutic
changes also affect anaesthetic
management.

Several factors are not included.

eg. atrial fibrillation or morbid obesity
patient-important outcomes not
included in the assessment include
the risk of stroke, major bleeding,
prolonged hospitalisation, and ICU
admission.

Used carefully in emergency
surgery patients, as the score is not
as well validated in this population.
Only had retrospective validation.
Underestimates the risk of

MI compared with the RCRI.
Pulmonary oedema and complete
heart block, stress test results and
beta-blocker therapy outcomes

for previous perioperative cardiac
risk calculators, were not included
among the NSQIP database from
which this index was obtained.

Poorly predictive of other potential
adverse events and clinical
outcomes

Indian Journal of Anaesthesia | Volume 67 | Issue 1 | January 2023

Page no. 52

Contd...

43



Jindal, et al.: Preoperative evaluation and optimisation

Table 4: Contd...

Risk Indexes Parameter

Interpretation

Limitations

Geriatric sensitive ~ Age, ASA Class, sex, high risk

perioperative surgery, CHF, stroke
cardiac risk index  Required insulin, DM, HTN requiring
201709 medication, current tobacco use,

COPD, Creatinine level, BUN,
Dyspnoea, laparoscopic surgery,
surgical category, dialysis,

Age 275 years :1

h/o heart disease :1

symptoms of angina: 1

Hb <12 g/dL :1

Vascular surgery: 1

Emergency surgery :1

Seven intraoperative conditions
Hypotension (1 h of a 20 mm Hg or
greater decrease or a 20% change in
mean arterial pressure)

The need for blood transfusion,
History of coronary artery disease,
History of cerebrovascular disease,
Chronic kidney disease,
Preoperative abnormal ECG
abnormalities (e.g., left ventricular
hypertrophy, left bundle branch
block, and ST-segment and T-wave
abnormalities)

Cardiovascular risk
index 201901

ANESCARDIOCAT
scorel'®

0-100% (0% lowest -100% highest risk

Very low, low, intermediate, and
high degrees of risk of MACE
and cerebrovascular events.

Does not take into consideration
nutritional and cognitive, functional
status

0 points lowest risk
1 Points
2 Points 23 points: highest risk

The risk assessment is only
possible at the end of the surgery,
and therefore, although the tool is
predictive of postoperative risk, it
does not allow for improvements to
be made before surgery.

ARF=Acute renal failure, ASA=American Society of Anesthesiologists, BMI=Body mass index, BUN=Blood urea nitrogen, CA=Cardiac arrest, CHF=Congestive
heart failure, COPD=Chronic obstructive pulmonary disease, DM=Diabetes mellitus, DVT=Deep vein thrombosis, ECG=Electrocardiogram, ENT=Ear nose throat,
HCO-3=Bicarbonate, HTN=Hypertension, h/o=History of, Hb=Haemoglobin, IHD=Ischaemic heart disease, K=Potassium, MACE=Major adverse cardiac event,
MI=Myocardial ischaemia, NSQIP=National Surgical Quality Improvement Program, PCO2=Partial pressure of carbon dioxide, PO2=Partial pressure of oxygen,
PE=Pulmonary embolism, RCRI=Revised cardiac risk index, SGOT=Serum glutamic-oxaloacetic transaminase, UTI=Urinary tract infection, ICU=Intensive care

unit, OR=0Operating room

Other tools e.g., Sleep apnoea clinical score [SACS],
multivariable apnoea prediction (MVAP) index,
and NoSAS (neck circumference, obesity, snoring,
age, sex) score have been described in the
literature. The Epworth sleepiness scale is neither
sensitive nor specific for screening for moderate to
severe OSA.BY

Pre-operative investigations

In the year 2022, the Indian Society of
Anesthesiologists (ISA) published the guidelines
for preoperative investigations considering the
socio-economic, demographic, and medico-legal
aspects of the Indian scenario [Table 5].°' The
guidelines are unique in that they mention the
acceptable validity time for a previously performed
investigation. So far, no guidelines by any professional
bodies across the world have mentioned this.
Investigations like normal complete blood count,
renal and liver function tests, and coagulation profile
are valid for 2 months. If a previously taken 12-lead
electrocardiogram and chest radiogram were normal,
then it is valid for 12 months provided the clinical
condition of the patient has not changed during the
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period.P! Considerations for ordering preoperative
serum chemistry can be perioperative therapies,
endocrine disorders, and the risk of renal and liver
diseases.

In patients with bleeding disorders, renal and liver
dysfunction, and the type and invasiveness of the
procedure, coagulation studies should be considered.

To identify patients at risk of postoperative acute
kidney injury, investigations like blood wurea
nitrogen-creatinine ratio, and pre-operative and
peri-operative haemoglobin decrease are required.

Pulmonary function tests (PFTs) are not needed in the
majority of patients undergoing extra thoracic surgery.
In most cases, PFTs confirm the clinical impression
without adding to the estimation of risk. PFTs may
be useful in patients undergoing thoracic surgery,
patients with known or suspected respiratory disease
e.g., chronic obstructive pulmonary disease, subjects
with decreased exercise tolerance, unexplained
dyspnoea, a smoker for >20 years, and interstitial
lung disease.!*
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Table 5: Recommendations for Preoperative investigations: Practice Guidelines from the Indian Society of

Anaesthesiologists?®'!

Minor Intermediate major
Complete blood count Y Y Y
Serum creatinine N Y Y
Serum sodium and potassium N N Y
Liver function testing N N Y
Coagulation profile (PT/INR and aPTT) N N N
Nondiabetic patients, preoperative blood glucose estimation N N N
Noncardiac patients, preoperative 12 lead electrocardiogram testing Y (at age 45 years) Y (at age 45 years) Y
Chest radiogram N Y (Above 50) Y (Above 50)
Ultrasonography airway assessment for predicting difficult laryngoscopy N N N

PT=Prothrombin time, INR=international normalised ratio, aPTT=Activated Partial Thromboplastin Clotting Time, Y=to be done, N=Need not be done

Park JH et al.™! in a critical review concluded that
to predict postoperative infection and complications
in thoracic and upper abdominal surgery, lower
preoperative forced vital capacity values could be
used regardless of airflow limitation.

According to the  European  Society  of
Anaesthesiologists (ESA), the assessment of cardiac
troponins should be done prior to surgery and then
48 to 72 hours after surgery in high-risk patients like
cardiac patients, critically ill cases, those posted for
highly complex surgery, and morbidly obese.!"

Urine analysis is indicated for specific procedures
e.g., prosthesis implantation, urologic procedures
or when the patient has symptoms of urinary tract
infection.

PREOPERATIVE OPTIMISATION/PREHABILITATION

Patients who are subjected to surgery and anaesthesia
are exposed to the risk which varies from minor
to major.’* Patients with poorly managed chronic
medical conditions pose a greater risk for adverse
postoperative  outcomes. Though perioperative
complications are not that common, they add to
the morbidity, cost, and at times to mortality.l*”
Commonly observed perioperative complications
are bronchospasm, aspiration, pulmonary infection,
wound infection, delayed tissue healing, and
myocardial events. Perioperative risk factors can be
avoided or at least reduced in severity by preparing
the patient for surgery. Preparation of patient for
the impending surgery should commence well in
advance before deciding the date for the surgery, so
as to get adequate time for treating various comorbid
conditions and optimisation of the overall health of
the patient. The preoperative evaluation should be the
starting point for the process of optimisation.*®! The
most effective way of optimising the patient’s overall
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condition for surgery is not very well established. So
far, there is no evidence-based standard protocol for
preoperative optimisation of the patient for surgery.
31 Depending upon the patient’s status, proposed
surgery, and available resources, the preparation
plan should be tailored for that particular patient.
A multidisciplinary approach involving the patient,
anaesthesiologist, surgeon, and specialist physician
will be helpful. Educating the patients about their
existing comorbid conditions and the importance of
stabilising them before surgery, will play an important
role in motivating them for their cooperation in
optimising their overall health before surgery. A few
important steps which will help to minimise the
perioperative risk include quitting smoking and
alcohol, adjusting antihypertensive and anti-diabetic
treatment for better blood pressure and glycaemic
control, incentive spirometry for improving breathing
capacity, treating anaemia, and improving exercise
tolerance. Preoperative optimisation ensures the best
medical condition of the patientand helps minimise the
perioperative risk. Literature suggests that postponing
the surgery and posting the patient after optimising the
risk factors preoperatively can reduce perioperative
complication rates by approximately 40%.°” The
duration required for optimisation depends on various
factors. It is important to consult the surgical team
to know the urgency of the proposed surgery and
set the upper limit on the available time window
for preoperative optimisation. Communication with
concerned surgeons about identifying modifiable risk
factors versus the urgency of the surgery should be
done.

Major surgery can lead to pain and a reduction in
functional capability.®® Prehabilitation also includes
optimising the physical functionality of the patient
before the scheduled surgery so as to make the
perioperative period safe and pain-free with minimal
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functional disturbance postoperatively. This includes
subjecting the patient to physical exercise for the
building of strength by repeatedly performing specific
functional tasks suitable for the particular surgery.
Though studies are yet to prove the direct benefit
of prehabilitation in reducing the postoperative
decline in pain and functional capacity, it has been
shown to reduce admission to rehabilitation units.
Rehabilitation involves physical exercise, dietary
changes, mental preparation, and cessation of bad
habits.® For better post-surgical outcomes and to
reduce the decline in functionality post-operatively,
prehabilitation and optimisation play an important
role and should be introduced to the patient during
pre-anaesthesia assessment.

Anxiety and fear in the surgical patient regarding
awareness during surgery, perioperative pain,
nausea and vomiting, and fear of dying is very high.
Preoperative counseling of the patient and the family
can decrease this emotional and psychological
distress.*”! Nevertheless, preoperative counseling and
optimisation of nutrition are important steps of the
enhanced recovery after surgery protocol. !

Decision to defer surgery

The decision to defer surgery is individualised and
based upon a number of factors including whether
the patient is on any medications, the severity of OSA,
the presence of comorbidities, and the risk of surgery.
Another common reason for delaying surgery is
hypertension. According to the European guidelines,
postponement of surgery is not recommended in
patients with grade 1,2 hypertension whereas, in
subjects with systolic blood pressure >180 mmHg
and/or diastolic blood pressure 110 mm Hg, the
surgery should be postponed until the blood pressure
is optimised except for emergency procedures.*? The
patient is generally taken for further evaluation and
advice regarding treatment. The threshold to defer
surgery is higher in patients undergoing low-risk
procedures including cosmetic surgery, endoscopic
procedures, arthroscopy, and cataract surgery. In
comparison, there is a lower threshold to delay
surgery in patients with uncontrolled OSA undergoing
high-risk procedures including major invasive surgery
that impacts airway or cardiopulmonary function and
the administration of postoperative opioids.!

Other factors that affect the decision include variations
in institutional practice, the availability of preoperative
evaluation clinics, monitoring capabilities of the
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facility where the surgery is to be performed, the
likelihood of ventilatory support in the postoperative
period, clinician and patient preference and level of
surgeon support for completion of sleep testing prior
to surgery if required.*”!

SUMMARY

Pre-anaesthetic evaluation is an essential component
of anaesthesia practice. It allows for the systematic
identification, categorisation, and management of
perioperative risks such that the patient’s physiological
state is optimised for the surgical procedure. A variety
of risk assessment tools have been developed and
are used in clinical practice. Recent guidelines for
preoperative investigations have been given by
the ISA depending upon the type and urgency of
surgery (elective, semi-elective, emergency), the
patient’s current physiological status, associated
comorbidities, and the medications. Preoperative
optimisation or prehabilitation is required to make the
perioperative period safe and pain-free with minimal
functional disturbance postoperatively.
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ABSTRACT

Airway management is a core skill essential for anaesthesiologists and health care providers
involved in resuscitation and acute care of patients. Advancements in airway management are
continuously evolving. This narrative review highlights the recent advancements with respect to
innovations, tools, techniques, guidelines, and research in both technical and non-technical aspects
of airway management. These include nasal endoscopy, virtual endoscopy, airway ultrasound,
video endoscopes, supraglottic airways with enhanced protection against aspiration, hybrid
devices, and the use of artificial intelligence and telemedicine, the utility of which has increased in
recent times, thereby improving success with airway management and enhancing patient safety.
There has been an increasing emphasis on peri-intubation oxygenation strategies to reduce
complications in patients with a physiologically difficult airway. Recent guidelines for difficult
airway management and preventing unrecognised oesophageal intubation are available. Large
multicentre airway data collection helps us examine airway incidents, aetiology, and complications
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to expand our knowledge and give us insights for change in practice.

Key words: Intubation, technology, ventilation

INTRODUCTION

Airway management is a core skill essential for
anaesthesiologists and health care providers involved
in resuscitation and acute care of patients. Not
surprisingly, it is the subject of much research and
innovation to facilitate efficiency in the procedure
and enhance patient safety. There has been an
exponential rise in publications on management of
difficult airways, especially in the last few years, in
anaesthesia literature.!"! The coronavirus disease 2019
(COVID-19) pandemic has led to a paradigm shift in
airway management, with the recognition of unique
challenges and the use of additional measures to avoid
transmission of infection to health care workers while
ensuring patient safety.”) There has been a recent
focus on the management of physiologically difficult
airways, in addition to anatomical difficulty.” This
narrative review highlights the recent advancements
with respect to innovations, tools, techniques,
guidelines, and research in both technical and

non-technical aspects of airway management. Lower
airway management and ventilation strategies have
not been covered.

METHODS

A literature search was conducted on PubMed and
Cochrane Database of Systematic Reviews using the
following keywords: airway, airway management,
intubation, supraglottic devices, recent advances,
technology, oxygenation, airway guidelines. The search
included guidelines, review articles, clinical trials,
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observational studies, and meta-analyses published
from 2017 to 2022. Based on articles selected initially,
a manual search was conducted using cross-references
to identify articles not captured in the initial search,
including those of historic value.

AIRWAY ASSESSMENT

Assessment for anatomical difficulty

A combination of careful history-taking, general
examination, and focused airway examination using
specific tests and imaging is commonly used to predict
a difficult airway. The history of a previous difficult
airway is most important to consider. The use of
nasal endoscopy, virtual endoscopy, ultrasound, and
artificial intelligence (AI) has emerged in recent times
for difficult airway assessment and management.

Tests for airway assessment

The most commonly used tests are the Mallampati
test, mouth opening test, thyromental distance,
sternomental distance, upper lip bite test (ULBT), and
the Wilson risk score. Screening tests should have
high sensitivities. A Cochrane review comparing the
diagnostic accuracy of various commonly used tests
for predicting a difficult airway found all investigated
tests to have relatively low sensitivities with high
variability. Among the tests examined, the ULBT
showed the most favourable diagnostic accuracy.* The
ULBT, a short hyomental distance, retrognathia, or a
combination of findings based on the Wilson score were
found to be the best predictors of a difficult tracheal
intubation in a recent systematic review. No risk factor
or physical finding was found that consistently ruled
out a difficult intubation. Taken together, one can
conclude that although a variety of tests are helpful in
identifying a potentially difficult airway, they should
be interpreted with caution as they have not proved
to be good screening tests. Among the screening tests,
the ULBT seems to be the best predictor of difficulty.

Nasal endoscopy

Nasendoscopy is used to assess the upper airway
and trachea and is useful for planning both tracheal
intubation and extubation.®! Assessment of airway
narrowing, distortion, presence of infectious pathology,
laryngeal tumours, or upper airway oedema can be
easily performed in awake patients prior to airway
management, usually in the sitting position. An
example is the nasal endoscopic view of carcinoma of
the glottis with subglottic extension [Figure 1]. Nasal
endoscopy also facilitates examination of devices in

Indian Journal of Anaesthesia | Volume 67 | Issue 1 | January 2023

place including supraglottic airways, tracheal tubes,
and tracheostomy tubes, thus making it useful for
extubation or device manipulation.

Virtual endoscopy

This is a radiological simulation of the airway anatomy
from the oropharynx up to the carina. A 3D ‘fly-through’
video is created using computed tomography (CT)
images reconstructed to create the airway anatomy.
This improves our interpretation of 2D CT scan images
and helps us to better identify a difficult airway to
make an appropriate airway plan.[”? Virtual endoscopy
improves the diagnostic accuracy of airway pathology
when compared with CT scan alone and leads to more
conservative and potentially safer airway management
strategies in patients with head and neck pathology.®!

Role of ultrasound

The use of point-of-care ultrasound (POCUS) imaging
is rising in airway management. POCUS facilitates
quick and real-time assessment of the airway, which
can be learned with minimal training.®

A tongue thickness greater than 6.1 cm has been
shown to be an independent predictor of difficult
tracheal intubation.’” The distance from skin to
epiglottis (DSE) is the most measured and studied test
to predict a difficult laryngoscopy. A DSE >2-2.5 cm
is a predictor of difficult laryngoscopy.''l A recent
systematic review showed that airway ultrasound
metrics were associated with difficult laryngoscopy in
three domains: anterior tissue thickness, anatomical
position, and oral space.?

Other ultrasonographic assessments include dynamic
assessment of the vocal cords, which is useful in the

Figure 1: Nasal endoscopic view of carcinoma of the glottis with
subglottic extension
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assessment of stridor and vocal cord palsy. Assessment
of the subglottic diameter has been shown to be superior
to the formula used in estimating tracheal tube size
in children. Gastric POCUS can be used to reliably
estimate the volume of gastric contents. Ultrasound
has a high diagnostic capability in confirming tube
position. In an oesophageal intubation, there is a
‘double tract sign’ with two air-filled structures. This
evaluation can be further supported by thoracic
ultrasonography to check the absence of bilateral lung
sliding.”

Preoperative surface marking of the cricothyroid
membrane prior to an anticipated difficult
intubation or as a real-time procedural guidance
is the most commonly recommended application
of airway ultrasound and has a higher success rate
than palpation.!*® While performing tracheostomy,
ultrasound is a useful tool to assess the diameter of
the trachea and any overlying vessels at the proposed
insertion site.

Though ultrasound examination is performed
quickly, the results are dependent on the operator.
Further training and studies are needed for better
standardisation. Combining clinical and ultrasound
assessments may form an accurate screening tool for
difficult laryngoscopy in the future."

Artificial intelligence to predict a difficult airway

An Al model was created based on deep learning,
using 16 facial images of patients classified according
to expected difficulty in tracheal intubation. The Al
model was able to recognise expected difficulty in
tracheal intubation with 80.5% accuracy and an area
under the curve of 0.864 (confidence interval 95%,
0.731-0.969).'41 Other studies have used machine
learning to perform a facial analysis to detect
morphological features related to difficult airways.!

THE PHYSIOLOGICALLY DIFFICULT AIRWAY

A physiologically difficult airway is one in which
physiological alterations in the patient increase the
risk of cardiorespiratory and other complications
during tracheal intubation.*'®" These physiological
derangements may be due to acute illness, pre-existing
disease, the effects of anaesthetic agents, and positive
pressure ventilation. This risk is especially recognised
in critically ill patients but can also occur in healthy
patients who have physiological alterations such as
pregnant, obese, and paediatric patients.
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In the International Observational Study to Understand
the Impact and Best Practices of Airway Management in
Critically Ill Patients (INTUBE), which included 2964
critically ill patients undergoing tracheal intubation,
at least one major adverse peri-intubation event was
observed in 45.2% of patients. The predominant
complication was cardiovascular instability (42.6% of
patients), followed by severe hypoxaemia (9.3%) and
cardiac arrest (3.1%).'1 A subanalysis of the study
identified propofol use for induction as a modifiable
interventionsignificantly associated with cardiovascular
instability."® Common practices such as administration
of a fluid bolus prior to tracheal intubation to prevent
hypotension have not shown benefit. The role of pre-
emptive use of low-dose vasopressors is currently
under investigation."” Common contributing factors for
cardiovascular collapse along with potential solutions
are being currently investigated [Figure 2].

The focus of airway evaluation and management has
traditionally been on anatomical factors that make
airway management difficult. Recognition of the high
incidence of complications in this vulnerable group
of patients has emphasised the need for physiological
optimisation and adoption of strategies to avoid
complications during tracheal intubation.

PREOXYGENATION AND APNOEIC OXYGENATION

Preoxygenation is used to increase oxygen reserves
prior to anaesthetic induction and tracheal intubation to
prevent the onset of critical hypoxaemia during periods
of apnoea. There has been a recent focus on optimising
preoxygenation using non-invasive  ventilation
(NIV) or high-flow nasal oxygen (HFNO), continuing
nasal oxygen during attempts at tracheal intubation,
considering gentle mask ventilation during rapid
sequence intubation (RSI), and the use of NIV/HFNO
post extubation, especially in high-risk patients.*"
These include patients for RSI, with limited oxygen
reserves (critically ill, paediatric, pregnant, and obese
patients) and when a difficult airway is anticipated.

The pressure support and positive end-expiratory
pressure applied during NIV keep the lungs open during
the entire respiratory cycle, decrease intrapulmonary
shunting and thereby increase safe apnoea time (time
to desaturation following neuromuscular blockade).
Apnoeic oxygenation can further extend the duration
of safe apnoea. By increasing the flow rate to 15 L/min
through a nasal cannula (NO DESAT: nasal oxygen
during efforts at securing a tube), near 100% inspired
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Cardiovascular Collapse During Tracheal Intubation in the Critically Ill

CONTRIBUTING FACTORS

Critical illness
{e.g. sepsis, hypovolaemia,
vasoplegia, cardiac dysfunction) &

Drugs used for tracheal
intubation

(e.g. propofol, benzodiazepines,
opioids)

Loss of sympathetic drive

Positive pressure ventilation

PEEP: positive end expiratory pressure

POTENTIAL SOLUTIONS
Rapid assessment of volume status

Prefer ketamine or etomidate
as induction agents

Pre-intubation haemodynamic
optimisation

? Fluid bolus

? Pre-emptive use

of low dose vasopressors

7 Use low PEEP and tidal volume after
tracheal intubation if applicable

Figure 2: Cardiovascular collapse during tracheal intubation in the critically ill: contributing factors and potential solutions. (The author Dr Sheila
Myatra has taken prior permission for reproduction of this figure created by her from Elsevier and the Editor in Chief of ACCPM)

oxygen concentration (FiO,) can be obtained due to
the decreased oxygen demands of the apnoeic state.
However, this method will not have a significant
effect on carbon dioxide (CO,) levels.*"! Transnasal
humidified rapid insufflation ventilatory exchange
(THRIVE), which provides 100% oxygen at flow rates
up to 70 L/min, is a method of apnoeic oxygenation
and ventilation that can prolong the safe apnoea time
longer than NO DESAT, without much rise in CO,
levels and thereby reduce the time pressure during
airway management.?” This is especially useful during
the management of difficult airways, rapid sequence
inductions, and management of morbidly obese
patients. THRIVE can be used for pre-oxygenation and
continued during tracheal intubation. HFNO has also
been recommended to optimise oxygenation during
shared airway procedures, awake tracheal intubation,
and in spontaneously breathing patients receiving
intravenous anaesthesia.l?*?%

In the landmark Preventing Hypoxaemia with Manual
Ventilation during Endotracheal Intubation (PREVENT)
trial, critically ill patients were randomised to receive
bag-mask ventilation from induction to laryngoscopy or
no ventilation during RSI. Bag-mask ventilation reduced
the incidence of severe hypoxaemia by more than half
without any increase in the incidence of pulmonary
aspiration.® Therefore, the risk/benefit of gentle mask
ventilation during RSI must be carefully assessed in
patients at high risk of desaturation. Post-extubation
support with NIV and HFNO in patients at high risk of
reintubation has shown reduced reintubation rates.*®
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NEWER TOOLS AND TECHNIQUES FOR AIRWAY
MANAGEMENT

Supraglottic airway devices (SADs)

SADs with enhanced protection against aspiration

To further protect against gastric aspiration, the
self-sealing Baska mask™ was introduced. During
positive pressure ventilation, the cuff seal apposes
to the glottis incrementally to augment the seal
pressure with increasing airway pressure. Along
with this, it has been equipped with a gastric reflux
high-flow suction clearance system.’”’ Another
inclusion is the LMA protector™. Distinct from other
SADs, it contains two gastric drainage channels and
a pharyngeal chamber to drain the gastric contents.
Additionally, it is equipped with a colour-coded cuff
pressure indicator for continuous intracuff pressure
monitoring.?!

SADs enabling tracheal intubation using a flexible
bronchoscope

Tracheal intubation using a flexible bronchoscope
through SADs can be achieved through a majority
of newer SADs, which allow an adequate diameter
tracheal tube to be inserted through the device. The
most recent addition is the LMA Blockbuster™. Along
with the dual safety and superior seal, it comes with
a customised Parker tipped, wire reinforced tube.*"
While managing a difficult airway, the importance
of tracheal intubation through SADs using a flexible
bronchoscope has been emphasised by recent airway
guidelines.
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Adjuncts for tracheal intubation

MADgic atomisers

The newer range of atomising devices includes
MADgic LMA™ and LMA MAD Nasal™ that not only
topicalise the oral, nasal, pharyngeal, and laryngeal
tissues but also help keep the airway open.

Optical viewing stylets

Newer variants of optical stylets use complementary
metal oxide semiconductor video chips at the distal
opening of the stylet with an inbuilt screen monitor or
an attachment for smartphones for viewing the airway
structures during intubation. These include Trachway
intubating stylet™, Stylet Viu™, AinCa Video Stylet™,
C-MAC Video Stylet,™ and the VivaSight SL™.%

Robotic endoscope-automated laryngeal imaging for
tracheal intubation

This is a video-endoscopic stylet used to guide
tracheal intubation. The bending motion of the tip
of the endoscope can be controlled manually or
automatically towards the glottis. The prototype,
operating in automated mode, uses a recorded glottic
image that resembles anatomic airway images in the
electronic databases to steer the endoscope tip into the
trachea to facilitate tracheal intubation.?"

Videolaryngoscopes

The improvement and decrease in cost of miniature
video camera chips and light-emitting diode sources
have triggered an explosion of videolaryngoscopes.
The Vie Scope™ has a closed circular tube with
a bevelled end, similar to the Miller-shaped
laryngoscope blade, that is transparent and
illuminated. It allows direct visualisation of the
glottis and aids endotracheal intubation using a
bougie.? The infrared red intubation system (IRRIS)
consists of a small infrared light source placed on the
anterior cervical surface and over the cricothyroid
membrane. The device emits infrared red light
through the skin of the patient to the subglottic space.
Then, a videolaryngoscope that does not filter that
wavelength is placed in the airway. The videoscope
displays a bright light emerging from the glottis
which guides the passage.*

Video endoscopes

The COVID-19 pandemic has fuelled the shift from
reusable to single-use bronchoscopes enabled with
a battery light source and an in-built monitor. New
variants have been added to the already established
scopes.
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Hybrid devices

These include devices with features of two or more
traditional airway equipment. The total track VLM™
combines the features of a videolaryngoscope and
intubating laryngeal mask airway. An interesting
option of picture-in-picture imaging to combine
videolaryngoscope and video-bronchoscope capability
into a single unit is currently available in GlideScope
Core™ and CMAC™,

Transnasal humidified rapid insufflation ventilatory
exchange
This has been discussed in the beginning of this article.

Vision-guided supraglottic airway device insertions
There has been a recent focus on real-time, vision-
guided insertion of SADs to ensure optimal placement.
The Video Laryngeal Mask™ and SafeLM™ video
laryngeal mask are available for use. The main
advantages of these devices are that they can be easily
inserted under direct vision, reduce airway damage,
facilitate tracheal intubation through the SAD, have
recording capability, and have the ability to detach the
SAD from the scope once placed, thereby facilitating
reuse of the videoscope.®®*

Video-assisted intubation with a flexible

bronchoscope

The use of a flexible bronchoscope has traditionally
been considered as the gold standard device for
anticipated difficult airway with limited use in
unanticipated difficult airway algorithms. The
combined video-assisted flexible bronchoscopic
intubation offers a scope for extending its use in both
elective and rescue scenarios.

Telemedicine technology for tracheal intubation

Use of teleguidance in medicine in not new. It was
explored during the COVID-19 pandemic as a means
to reduce exposure to the airway provider. A scoping
review that assessed teleguided technology for
tracheal intubation found that it facilitated intubation
as effectively as supervision by an individual without
further complications. It also facilitates progressive
autonomy for airway trainees.’® However, clinical
studies are necessary to fully understand the benefits
and limitations of this technology.

CONFIRMATION OF TRACHEAL INTUBATION

Quick and correct placement of a tracheal tube is
indispensable during airway management to avoid
complications. There are several ways through which
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tracheal tube placement can be confirmed, but each
has its own limitations. Clinical examination has
been the traditional form of teaching. However,
auscultation and observation of chest wall movement
are unreliable.¢!

The 2022 American Society of Anesthesiologists
(ASA) guidelines for difficult airway management
recommend confirmation of tracheal intubation using
waveform capnography.®*% Undetected oesophageal
intubation continues to occur, leading to increased
morbidity and mortality. None of these guidelines
focus specifically on preventing unrecognised
oesophageal intubation. Therefore, a consensus
guideline from the Project for Universal Management
of Airways (PUMA)—a global multidisciplinary
group of airway experts and major international
airway societies—was developed for providing
comprehensive recommendations for preventing
unrecognised oesophageal intubation.*"!

The PUMA guidelines recommend the routine use
of a videolaryngoscope, if feasible, and encourages
verbalisation of the view obtained by the airway
operator during laryngoscopy. The guidelines
recommend confirmation of tracheal intubation
placement using sustained end-tidal carbon dioxide
as the gold standard while meeting the following
criteria: (1) rise in amplitude during exhalation and
fall during inspiration; (2) increasing or consistent
amplitude over at least seven breaths; (3) peak
amplitude more than 1 kPa (7.5 mmHg) above
baseline; and (4) clinically appropriate reading.”
The guideline recommends default tube removal
when sustained exhaled CO, cannot be detected. If
tube removal is considered dangerous, then urgent
exclusion of oesophageal intubation using alternative
techniques is recommended. These include repeat
laryngoscopy (preferably videolaryngoscopy) and one
of the following: flexible bronchoscopy, ultrasound or
the use of oesophageal detector devices, along with
evaluation of other causes of inability to detect CO,.
The guideline recommends against using clinical
examination to exclude oesophageal intubation.
The tube should be removed if sustained exhaled
CO, cannot be achieved, oesophageal placement
cannot be excluded, or the oxygen saturation drops
at any point before restoring sustained exhaled CO,.
The guidelines also emphasise the use of various
strategies to address cognitive bias and deterioration
in the performance of an individual or team under
stressful situations.!"
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HUMAN FACTOR CONSIDERATIONS

Though clinical abilities and technical proficiencies
are essential for successful airway management,
non-technical skills are equally important.*"! Human
factors involve considering the impact of aspects of
the individual, environment, processes, and culture
on human performance.*? Poor human factors have
contributed to 40% of reported cases, as per the 4%
National Audit Project (NAP4) of the Royal College of
Anaesthetists.[¥

The ASA guidelines outline human factors relevant
to difficult airway management as practitioner factors
(knowledge, training, complacency, stressors, team
dynamics, team decision-making, debriefing, etc.) and
external factors such as those related to the patient
(including difficult airway, infection risk, aspiration
risk), environment (including equipment, monitoring,
personal protective equipment), and institution
(including culture, staffing, protocols, supervision,
support).B”? A study that looked at the prevalence and
commonality of human factors in airway guidelines
found that they were well represented, with work
systems and processes featured more than user and
patient outcome measurements.*? Human factors
are an evolving area in airway management. Further
considerations are necessary for future guideline
development.

The lesser incidence of airway complications limits
our continued learning process. Therefore, regular
practice of these skills by means of focussed airway
workshops and simulation-based training programmes
are important.*! Cognitive aids such as the Vortex
approach may be useful in these settings.** Equipment
layout has been identified as a key element that
may aid airway management, particularly in critical
situations. Chrimes et al.** outlined key principles for
incorporating human factors into airway trolley design
and implementation to enhance team performance.

GUIDELINES FOR DIFFICULT AIRWAY MANAGEMENT

Three guidelines for difficult airway management have
been published in recent times.*37% The 2022 ASA
difficult airway guidelines emphasise awareness of the
passageoftimeand limitingthenumber ofattempts with
different airway devices. The novel content includes a
pre-airway management decision-making tool and an
awake airway management algorithm.*”’Novel content
in the Canadian guidelines include recommendations
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for the use of videolaryngoscope to facilitate all
tracheal intubations and that all institutions designate
an airway lead to help with airway-related protocols,
training, and quality reviews.* The Difficult Airway
Society guidelines for awake tracheal intubation
(ATT) in adults are comprehensive and evidence-
based that can help in the preparation and practical
performance of ATL*) The PUMA group is working
on the development of a single set of evidence-based
airway management guidelines that can be applied
universally.[*”!

LARGE DATABASES AND MULTICENTRE
OBSERVATIONAL STUDIES

The aim of large airway data collection is to examine
airway incidents, aetiology, and complications in order
toinform and expand our knowledge on the subject and
give us insights into changes in practice. An example
is the NAP4 from the United Kingdom which has
provided important insights into airway management
complications for practice change.*! The INTUBE
study highlights the high incidence of complications
during tracheal intubation in the critically ill, with
identification of haemodynamic collapse being the
most frequent, along with insights into practice change
and future research.'” The Airway App demonstrates
the feasibility of using smartphone technology to
capture emergency front-of-neck airway experiences
internationally.*® Although information generated
from such large databases have the potential of aiding
safer future care, there are several practical hurdles
for execution that need to be addressed. These include
creating a robust registry, patient confidentiality,
standardisation of the clinical data collected, access
across health care systems, maintenance, and cost
implications.

SUMMARY

Advancements in airway management are continuously
evolving. They include a range of newer tools and
strategies aimed at improving success in airway
management and enhancing patient safety. Nasal
endoscopy, virtual endoscopy, airway ultrasound,
video endoscopy, supraglottic airways with enhanced
protection against aspiration, hybrid devices, and the
use of Al and telemedicine have increased utility in
airway assessment and management. There has been
increasing emphasis on peri-intubation oxygenation
and non-technical skills and strategies to reduce
complications in patients with a physiologically
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difficult airway. Large multicentre airway data analysis
gives us insights into practice change. Recent guidelines
for difficult airway management and preventing
unrecognised oesophageal intubation are available. The
penetration and impact of these guidelines on patient
outcomes will need to be evaluated in the future.
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ABSTRACT

Target-controlled infusion pumps and depth of anaesthesia monitors have made total intravenous
anaesthesia (TIVA) easy, safe, and precise. The merits of TIVA were highlighted during the
coronavirus disease 2019 (COVID-19) pandemic, confirming its potential further in the post-COVID
clinical practice as well. Ciprofol and remimazolam are newer drugs that are being tried with a hope
to upgrade the practice of TIVA. While research on safe and effective drugs continues, TIVA is
being practised with a combination of drugs and adjuncts to overcome the disadvantages of each
and to provide complete and balanced anaesthesia with additional benefits in recovery and pain
relief postoperatively. Modulation of TIVA for the special population groups is still under process.
Advancement in digital technology with mobile apps has increased the scope of TIVA in day-to-day
use. The formulation and update of guidelines can establish a safe and efficient practice of TIVA.
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INTRODUCTION

Pharmacokinetics and pharmacodynamics of popular
intravenous drugs like propofol and newer and
shorter acting agents like remifentanil coupled with
the development of pharmacokinetic models and
advanced technology in infusion pumps have made a
significant impact in the evolution of total intravenous
anaesthesia (TIVA).M Target-controlled infusion (TCI)
pumps and depth of anaesthesia monitors have made
TIVA easy, safe, and precise. However, TIVA can also
be practised with routine infusion pumps and even
when these sophisticated models of equipment are not
available. TIVA may be provided either with insertion
of an endotracheal tube or supraglottic airway device,
nasal or oral airway, or oxygen alone without insertion
of any airway device.”’ The practice of TIVA started
initially in the fields of neurosurgery, day care surgery,
as a supplementation to regional or local anaesthesia,
and for sedation/analgesia in diagnostic/therapeutic
procedures. In recent times, it has proven to be beneficial

in oncosurgery, paediatric and geriatric surgery,
cardiac surgery, and non-operating room anaesthesia
(NORA).B!' We did a literature search on latest trends in
TIVA by searching various databases. The information

so compiled is presented in this article.

NEWER DRUGS/COMBINATIONS IN TOTAL
INTRAVENOUS ANAESTHESIA

An ideal drug for TIVA should have rapid onset of
action, rapid recovery, be potent and lipid soluble,
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and be stable in solution, with no perivascular
sloughing if extravasated. It should be water-soluble
to minimise toxicity associated with the solvent, not
be absorbed by plastic, be devoid of adverse effects,
be cost -effective, and, most importantly, it should be
compatible with other agents such that it can be mixed
without any complication.?# While the search for such
an ideal drug continues, TIVA is being practised with
a combination of drugs to overcome the disadvantages
of each. The combination of various classes of drugs
and adjuncts in TIVA is necessary for complete and
balanced anaesthesia [Table 1]. It decreases the dose
of individual drugs, thereby reducing the side effects
of all drugs in a mixture.®

Propofol and remifentanil remain the most appropriate
and near-ideal drugs for TIVA. Remifentanil is effective
in reducing propofol requirements by up to 50%. Its
combination with propofol is highly effective and
constitutes the most common drug combination by TCI
model worldwide because of the low context-sensitive
half-life. Propofol reduces the dose of remifentanil by
its analgesic properties and by reducing hyperalgesia
caused by remifentanil.

Various adjuncts are being administered during TIVA
to reduce the intra- and postoperative complications.
Dexamethasone, an anti-inflammatory drug, in a
single dose of 8 mg reduces postoperative nausea
and vomiting by 30% in propofol-based TIVA, with
good quality of recovery and discharge.*® Lidocaine
used in a bolus dose of 1-1.5 mg/kg with infusion of
1.5 mg/kg/h reduces TIVA dose by 10%-20% during
the maintenance phase.””! Magnesium sulphate
used as an adjunct in TIVA reduces propofol,
dexmedetomidine, atracurium, and postoperative
narcotic consumption. Used in a bolus dose of
30-50 mg/kg with maintenance dose of 10 mg/kg/h,
it improves the quality of postoperative analgesia. Its
anti-hypertensive, bronchodilator, anti-arrhythmic,
anti-shivering, and anti-seizure effects are an added
advantage.’¥ Esmolol 1 mg/kg bolus over 60 s during
preoxygenation is able to reduce the total induction
dose by 18.5%.1'1?l Perioperative esmolol infusion
has been shown to reduce the total anaesthetic and
analgesic requirements and postoperative pain.

The new addition of remimazolam in the
armamentarium of TIVA is promising for procedural
sedation and anaesthesia. It is pharmacologically
a benzodiazepine, but is differentiated by its ester
group and rapid metabolism by tissue esterases
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to a significantly less active metabolite. Its rapid
pharmacokinetics and pharmacodynamics with
relatively small effects of covariates such as age,
gender, race, obesity status, American Society of
Anesthesiologists (ASA) physical status, and weight
will make it a perfect addition in TIVA medication
regimens.!*®

Ciprofol, a new intravenous anaesthetic, is a gamma-
aminobutyric acid (GABA) receptor agonist and is a
novel 2,6-disubstituted phenol derivative like propofol
with improved pharmacokineticand pharmacodynamic
characteristics. It has a rapid rate of onset and recovery
in preclinical experiments. It is five times more potent
than propofol, does not cause pain on intravenous
injection, and provides better haemodynamic stability.
It is better in prolonged infusion due to rapid clearance.
It can be given in initial doses of 0.4 mg/kg for 30 s
followed by a supplemental intravenous bolus dose of
0.1 mg/kg for 10 s. The maintenance infusion dose is
0.1-0.3 mg/kg/hour."*

NEWER TECHNIQUES IN TOTAL INTRAVENOUS
ANAESTHESIA

TIVA can be administered by various techniques
like intermittent bolus, fixed rate or manually
controlled infusion, or TCI. These techniques are
heterogeneous in nature and vary significantly
in their safety and efficacy. Advancements have
been made in different areas along with the use of
specialised infusion sets and mobile applications to
make it a safe technique.

Advancement in target-controlled infusion

techniques

TCI technology 1is constantly evolving, with
innovations in drug delivery devices, pharmacokinetic
modelling, and computer technology. In advanced
closed-loop anaesthesia delivery system (CLADS), a
controller allows a change in dose either manually or
automatically based on the feedback from clinical or
physiological monitors.® In order to achieve precise
dosing, improved haemodynamic stability, and faster
recovery, a reliable feedback is very important.!'®
Advancements in TCI techniques are aimed to achieve
reliable feedback either from physiological monitoring
or through processed electroencephalogram (pEEG)
monitoring, which have shown some promise
in improved haemodynamic stability and faster
recovery.l'” Knowing the median effective effect-site
concentration of the drug being used in TCI for a
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Table 1: Some useful IV drug combinations used for TIVA and postoperative analgesia

Doses/Concentration

Clinical Applications

Remifentanil and propofol

Propofol and fentanyl

KPD (ketamine + propofol +
dexmedetomidine)

Ketofol
(ketamine and propofol)

Ketodex

(ketamine and
dexmedetomidine)

Ketomed

(ketamine and midazolam)
MDF (midazolam,
dexmedetomidine, and
fentanyl)

PDF (propofol,
dexmedetomidine, and
fentanyl)

DML (dexamethasone,
magnesium sulphate [MgSO,],
and lidocaine)

FLK (fentaketacaine)

Ketacaine drip

Etomidate and fentanyl/
remifentanil

Remifentanil in concentration of 50 pg/ml (1
mg in 20 ml propofol)

Propofol (1% and 2%)

and fentanyl (10-50 pg/ml)

1:1:1 initially then maintenance with
0.5:0.5:0.5 (mg: mg:ug/kg/h)

Or

Dexmedetomidine 0.7 pg/kg/h in RL
Or

Propofol 6-8 mg/kg/h in 100 ml NS
1:1 mixture is stable

100 mg ketamine: 100 mg propofol

0.5 mg/kg followed by another 0.5 mg/kg
after about 30-60 s

Maintenance 0.25 mg/kg as needed

1 pg/kg of dexmedetomidine and 1-2 mg/kg
of ketamine. This could be followed by 1-2
pg/kg/h of dexmedetomidine infusion with
supplemental bolus doses of 0.5-1 mg/kg
of ketamine as needed

1 mg/kg ketamine+0.1 pg/kg midazolam

0.05 mg/kg midazolam+1 pg/kg
dexmedetomidine+1 pg/kg fentanyl bolus
and half the previous dose if required

1 mg/kg propofol+1 pg/kg
dexmedetomidine+1 pg/kg fentanyl bolus
and half the previous dose if required

8 mg dexamethasone+1 gm MgSO,+1.5
mg/kg lidocaine

100 pg fentanyl+100 mg lidocaine+100 mg
ketamine in 500 ml RL, given in dose of
0.5:0.5:0.5 (ug: mg: mg/kg/h) for maximum
of 24h

100 mg ketamine+100 mg lidocaine in 500
ml RL

Given in dose of 0.5:0.5 (mg: mg/kg/h)

IV etomidate 0.3 mg/kg+IV fentanyl 1 pg/
kg bolus.

Maintenance with intermittent bolus
etomidate 0.1 mg/kg when needed

Most widely used in the world for TIVA by TCI. 50%
reduction in dose of propofol is seen. Can be used for up to
36 h

No significant degradation of emulsion within 20 h. 50%
reduction is seen in dose of propofol

Combination of all these drugs permit lower dose of each
agent and reduces adverse reactions

Dexmedetomidine reduces shivering caused by propofol
Excellent analgesia and anaesthesia

Haemodynamically stable, rapid recovery

Widely used by anaesthesiologists for short procedures

Paediatric patients for radiological and endoscopic
procedures

Non-operating room anaesthesia

Widely used in COVID-19
Short surgical procedures, commonly used as adjunct

Short surgical procedures, widely used in COVID-19

Reduces postoperative nausea and vomiting, reduces doses
of IV anaesthetic agents, improves quality of TIVA, recovery
and discharge

Used as drip after major surgery of duration >3 h

Used after routine surgery of duration <3 h

Useful in haemodynamically unstable patient for short
surgical procedures

To be cautious about adrenocortical suppression; if low
cortisol level/geriatric patient, dose of etomidate to be
reduced to 0.2 mg/kg

Pharmacokinetic model for TCI of etomidate not yet available

TIVA=Total intravenous anaesthesia, COVID=Coronavirus disease, TCl=Target-controlled infusion, IV=Intravenous, RL=Ringer lactate, NS=Normal saline

particular type of surgery can be useful and can
guide the anaesthesiologist during drug infusion; for
example, a median effective effect-site concentration

of 3.38 ug/ml of propofol is required to prevent patient

movement during uterine dilatation and curettage.”

Sedasys, a computer-assisted personalised sedation
system, integrates continuous physiologic monitoring
with patient feedback to control the depth of
sedation. This technique is found to be very effective
for non-operating room sedation as it intends to
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maintain constant sedation, thereby reducing the
risk of apnoea, haemodynamic instability, and loss of
responsiveness.!*®

pEEG monitoring can be used to monitor the effect of

the anaesthetic drug on the cerebral cortex, thereby

Page no. 67

reducing the incidence of awareness during TIVA.0'"
Studies have shown that propofol requirement can be
significantly reduced by titrating the dose to a processed
EEG score.?" It is also recommended to use this monitor
whenever muscle relaxants are used with TIVA."!
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iControl-RP and McSleepy are two automated CLADS.
In iControl-RP, in addition to bispectral index (BIS),
peripheral oxygen saturation, heart rate, respiratory
rate, and blood pressure are monitored and drug
delivery is altered automatically based on these
parameters. In McSleepy, all three components of
general anaesthesia, like hypnosis, analgesia, and
neuromuscular blockade, are monitored using BIS,
Analgoscore, and train of four testing, respectively.
Studies have shown better control of hypnosis and
faster extubation with McSleepy system compared to
manually administered anaesthesia.l??

Specialised infusion sets

Specialised extension sets should be used during TIVA
for better clinical effectiveness and patient safety.
These sets should have a Luer-lock connector at each
end, an anti-syphon valve on the drug delivery line,
and an anti-reflux valve in the fluid administration
line. In order to reduce dead space, one should also
make sure that drug and fluid lines are placed as close
to the patient as possible.?"

Mobile apps

iTIVA and TIVAManager are computer programs
created for monitoring plasma concentrations of
anaesthetic drugs and guide the administration of
TIVA. iTIVA is a pharmacokinetic/pharmacodynamic
simulation programme based on mathematical
models and calculates a dose required to achieve
the target plasma, or effect-site concentration. As
infusion schemes are obtained from published
models, there are chances of wide variation in the
plasma concentrations and clinical effects achieved.
Currently, its use is limited to educational purposes
to demonstrate pharmacokinetic principles. TIVA
Manager has got added advantages like monitoring
of concentrations of anaesthetics and planning of
anaesthesia with TCI, availability of a wide range of
pharmacokinetic/pharmacodynamic models, better
optimisation of anaesthesia course by assessing the
effect of administered drug, and availability of data
for scientific investigations and education.!®%*

TOTAL INTRAVENOUS ANAESTHESIA IN THE
SPECIAL POPULATION

In spite of the technical advancements in TIVA,
research regardingits use in the extremes of population,
especially elderly patients, remains sparse. There are
specific pharmacokinetic and pharmacodynamic
differences in paediatric and geriatric patients
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compared to adults. Knowledge of these differences in
drug behaviour becomes imperative for the successful
and safe administration of TIVA in this population

group.

Total intravenous anaesthesia in children

In the past, manual infusion regimens were used to
maintain a target concentration in paediatric TIVA.4
But as soon as it became clear that the maintenance
doses being employed were insufficient, greater
thought was given to developing a model that catered
to paediatric requirement. Hence, two paediatric
TCI programs of Kataria® and Paedfusor®®! came
into practice. Others have been described too, like
the Rigby Jones, Davis, and Minto models. The
Kataria model can be used for ages above 3 years or
those weighing more than 15 kg, whereas Paedfusor
can be used for ages as low as 1 year or those with
weight as low as 5 kg. Although the Paedfusor model is
extensively researched, one should still be careful with
the bolus doses as there may be some overestimation
of the doses. This is particularly true for children
who are haemodynamically unstable. Unlike in the
adults, the child TCI models do not have effect-site
prediction of the plasma concentration. Thus, loss of
consciousness should be ascertained before doing an
airway intervention. For obese children, since the dose
calibration does not exactly follow a linear increase,
it is practical to calculate the ideal body weight and
add 20% to it. To reduce the risk of propofol infusion
syndrome in neonates, it is suggested to keep the
infusion rates to less than 10 mg/kg/h if infusions are
required for more than eight hours.?”!

Remifentanil undergoes rapid equilibration and has
been extensively used in paediatric TIVA. Adequate
analgesia is achieved with remifentanil in a dose of
0.1 pg/kg/min. For surgeries with higher stimulus, the
doses can be increased to 0.5 ug/kg/min. Fentanyl,
alfentanil, midazolam, and alpha-2 agonists, can
be used but may cause delay in recovery times.
Ketamine, though used, holds a controversial place
due to its ability to cause neuroapoptosis when given
as an infusion, especially in younger children.??
Nonetheless, the successful use of ‘ketodex’(ketamine
and dexmedetomidine combination) has been reported
for magnetic resonance imaging (MRI) in syndromic
children.

Total intravenous anaesthesia in geriatrics
Considering the hypothetical three compartment
model of drug distribution, since the central
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compartment has a lower volume (reduction by 25%)
and decrease in drug clearance by 20%, the elderly
require a lower loading dose.* Pharmacodynamically,
the sensitivity of receptors to propofol also increases,
thus further decreasing the requirement. Similarly, the
doses of opioids also should be reduced. Currently,
none of the TCI models available make elderly-specific
adjustments. The closest that we can get to is the
Schnider model, which keeps the loading constant,
but decreases the maintenance and clearance.® In a
study comparing the Schnider and Marsh models in
patients aged 69-100 years, no differences were found
in the propofol dose requirements, decreases in mean
blood pressure, and requirement for vasopressors.’*?
Other models like the White and Schiitler model also
underestimate the changes in the pharmacology
of drugs in the elderly. In summary, the effect-site
concentrations must be cut down so as to not overdose,
and as a thumb rule, one should slowly titrate the
doses to effect, with the simultaneous use of EEG
monitoring.

Total intravenous anaesthesia in pregnancy

TIVA in pregnancy is not very different than it is in
non-pregnant patients. Even though there is decrease
in maternal albumin, the concentration required to
induce loss of consciousness in pregnant patients
is not different. Due to lack of studies in pregnant
patients, the Marsh model with actual body weight
input appears feasible.*¥

CORONAVIRUS DISEASE 2019 AND TOTAL
INTRAVENOUS ANAESTHESIA

The merits of TIVA were highlighted during the
coronavirus disease 2019 (COVID-19) pandemic,
confirming its potential further in the post-COVID
clinical practice as well. Prevention of aerosol
generation with the use of TIVA was the main
advantage and made TIVA popular during the
COVID-19 pandemic. It also avoided the deleterious
effects of immunosuppression and respiratory
irritation that were associated with inhalational
agents. Many peripheral surgeries could be done in
the spontaneously breathing patient without any
airway device. This avoided airway instrumentation
and resultant droplet and aerosol generation. During
the COVID-19 crisis, obese, hypertensive, and diabetic
parturients with COVID-19 infection who required
emergency caesarean section were effectively and
safely managed with TIVA as an adjuvant to central
neuraxial blockade.**
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TOTAL INTRAVENOUS ANAESTHESIA OUTSIDE THE
OPERATING ROOM

TIVA has tremendous potential in NORA practice.
It can be adopted for sedation and analgesia in
catheterisation labs for monitored anaesthesia care
and neuro-interventional and percutaneous device
insertion procedures. All hybrid procedures in the
operating room, MRI suites, and the intensive care
unit have the scope for judicious use of TIVA.[135]

TOTAL INTRAVENOUS ANAESTHESIA AND THE
ENVIRONMENT

TIVA is devoid of the risks of occupational exposure
and negative environmental impact that are associated
with volatile anaesthetic gases. It can be used as an
alternative to inhalational anaesthetic agents, but it is
not entirely devoid of potential negative environmental
effects. Nevertheless, one has to take into account the
total environmental impact of TIVA and agents such
as propofol must be disposed off in an appropriate
manner.*” TIVA in the paediatric population has a
positive environmental impact by reducing carbon
footprint compared to inhalational anaesthesia.**! The
choice of TIVA technique, particularly in the paediatric
patient population can thus help to save the environment
from the negative effect of anaesthetic gases and thus
provide the future generations with a safe environment."*”!

LIMITATIONS OF TOTAL INTRAVENOUS
ANAESTHESIA AND SCOPE OF IMPROVEMENT

In spite of its many advantages, TIVA has many
limitations. The anaesthesiologist must be aware of
the potential drawbacks of TIVA. The most favoured
TIVA drugs such as propofol and remifentanil are
not devoid of adverse effects. One is likely to face
problems such as the propofol infusion syndrome and
hyperalgesia. TIVA in morbidly obese patients must
be practised with extra precautions for a safe recovery
from the accumulation of drugs.?

Difficult cannulation can hinder the administration
of TIVA, especially in children, the obese, and
the elderly. Pain on injection interferes with the
use of certain agents in total intravenous sedation
techniques. Ciprofol, the new drug being tested
in China and Australia, may be the answer to this
problem.["*! Bacterial contamination is known to occur
with lipid-based emulsions like propofol, especially
in prolonged procedures. Strict asepsis needs to
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be followed and change of the administration sets
is recommended in prolonged infusions. Frequent
misconnections leading to inefficient drug delivery
have been reported in literature, leading to awareness
during the procedures. To avoid this, all infusion
lines should be visible and continuously monitored
and checked every 15 minutes. TCI and depth of
anaesthesia equipment are expensive and are not
available in many centres. Though these equipment are
a one-time investment to reap much greater benefits,
the cost of drugs or disposable monitoring electrodes
is not enticing.[*”! The favourable effect of TIVA in the
environment is offset by the wastes generated, such
as plastics, which cause additional greenhouse effects.

Awareness during anaesthesia is an appalling
complication that makes anaesthesiologists reluctant
to use TIVA when adequate monitoring is not available.
As there is no ability to monitor drug concentration in
real time, uncertainty often exists when a combination
of drugs and muscle relaxants are being administered.
When it comes to managing haemodynamic instability
and patients with opioid and benzodiazepine tolerance
using TIVA, the choices are limited. Nonetheless,
the chances of neurotoxicity with the prolonged
administration of these agents are yet to be evaluated.*!

The most common contributory factor for awareness
under TIVA is inadequate education and training.
Training in TIVA with a holistic approach should
be a part of core anaesthesia training to ensure
competency and safety in TIVA use. The Association
of Anaesthetists and the Society for Intravenous
Anaesthesia have recommended joint guidelines for
the use of TIVA drugs, concentrations, infusion pumps,
specific clinical scenarios, precautions, monitoring,
and training for clinical practice.*" Similarly, there
should be national or international guidelines for the
safe, best, and easy practice of TIVA. The relevant
anaesthetic organisations should establish a set of
standards and recommendations for the best practice
of the use of TIVA, and the scope of TIVA can thus
escalate in leaps and bounds. Research studies on TCI
by Indian anaesthesiologists are still sparse and they
need to gather more momentum so that more local data
are generated and our own pharmacokinetic models
can be generated based on our population genomics.

SUMMARY

Though the maintenance of general anaesthesia can
be done with the administration of inhaled volatile
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anaesthetics or by TIVA, administering inhalational
anaesthesia is difficult in NORA or during patient
transfer, is less desirable in COVID-19 cases, and is
contraindicated in specific conditions. Therefore, all
anaesthesiologists should be able to deliver TIVA, both
competently and safely. Use of infographics in TIVA
and training workshops can improve the knowledge
and appeal of TIVA in routine anaesthesia practice.
While advances in TIVA are dependent on newer
drug inventions, research is pertinent over optimising
and identifying appropriate and available drug
combinations. Advancement in digital technology with
mobile applications has increased the scope of TIVA in
day-to-day use. Limitations can always be resolved by
providing good training to the anaesthesiologists, and
the formulation and update of guidelines can establish
a safe and efficient practice of TIVA.
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ABSTRACT

Patient safety, improved quality of care, and better patient satisfaction and functional outcomes are
currently the topmost priorities in regional anaesthesia (RA) and all advancements in RA move in
this direction. Ultrasonography-guided central neuraxial and peripheral nerve blocks, intracluster
and intratruncal injections, fascial plane blocks, diaphragm-sparing blocks, use of continuous nerve
block techniques, and continuous local anaesthetic wound infiltration catheters are now topics of
popular clinical interest. The safety and efficacy of nerve blocks can be improved with the help
of injection pressure monitoring and the incorporation of advanced technology in the ultrasound
machine and needles. Novel procedure-specific and motor-sparing nerve blocks have come up.
The anaesthesiologist of the current era, with a good understanding of the sonoanatomy of the
target area and the microarchitecture of nerves, along with the backup of advanced technology,
can be very successful in performing RA techniques. RA is rapidly evolving and revolutionising
the practice of anaesthesia.

Key words: Catheters, local anaesthetics, needles, nerve block, spinal anaesthesia,

ultrasonography

INTRODUCTION

The last few years have seen revolutionary changes
in the field of regional anaesthesia (RA). As
mentioned by some authors, RA is in the midst
of a “renaissance”.!'! This is mainly due to better
understanding of the relevant anatomy for the
nerve blocks, microarchitecture of the nerves, the
availability of newer equipment with the incorporation
of advanced technology, and newer local anaesthetics
(LAs) and adjuvants. The present era of multimodal
analgesia, the coronavirus disease 2019 (COVID-19)
pandemic, and the buzz over enhanced recovery after
surgery (ERAS) have brought to the fore the clinical
importance of RA. Patient safety and improved
quality of care, including better patient satisfaction
and outcomes, are currently the topmost priorities
in RA, and all advancements in RA have moved in
this direction. We reviewed the information available
on the recent advancements in the practice of RA in
databases such as PubMed and Google Scholar. The

information thus compiled, which include newer
techniques and technology that were developed to
increase the success rate of the nerve blocks and to
reduce patient harm and improve patient safety, are
presented in this article.

ADVANCES IN REGIONAL ANAESTHESIA
TECHNIQUES AND TECHNOLOGY

Ultrasound for central neuraxial block
Ultrasonographic scanning for central neuraxial
block (CNB) is done using a low-frequency curvilinear
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probe in different planes by holding the probe in
horizontal or vertical orientation with respect to the
long axis of the body of the patient. The patient is either
in the sitting or in the left lateral decubitus position,
with maximum possible flexion at the lumbar level
to allow further opening of the intervertebral spaces.
There are five basic ultrasound (US) views of the spine:
(1) transverse spinous process view [Figure 1a]; (2)
transverse interlaminar/interspinous view [Figure 1b];
(3) parasagittal transverse process view [Figure 1c];
(4) parasagittal articular process view [Figure 1d]; (5)
parasagittal oblique/interlaminar view [Figure 1e].

Visualisation of the sonoanatomy in the lumbar region
is easier compared to the thoracic region, owing to
the absence of many bony structures like ribs and the
presence of the straight spine posteriorly in the midline
which allows a window for ultrasonography (USG).
US of the spine can be done before the procedure
or real time.”! Randomised controlled trials (RCTs)
and case reports have shown that pre-procedural
US of the spine in the subarachnoid block and
in the epidural catheter placement is particularly
useful in obese parturients, parturients in labour,
parturients with preeclampsia, and those with
morbid obesity, spine disease, kyphoscoliosis, and on
anticoagulants.*® Pre-procedural USG in these cases
provides information related to identification of the
intervertebral levels, determination of needle insertion
point, angle of needle trajectory, and depth of needle
insertion. Needle insertion point in the midline can be

obtained from the transverse interlaminar view with
or without parasagittal oblique view. For para-median
needle insertion point, transverse spinous process
views of two adjacent spines are used. Nevertheless,
feasibility studies on real-time US-guided spinal
anaesthesia (SA) using dynamic needle tip positioning
are going on wherein the spinal needle is introduced
after confirming the vertebral level with real-time US;
the US probe continues to track the needle tip in real
time by sliding/tilting with short-axis view. Real-time
US-guided SA has been compared with pre-procedural
US and has shown positive results.”! A novel machine
learning-based proprietary US software system called
the spine level identification (SLIDE) system has
been recently developed. The system automatically
identifies the lumbar landmarks in real time as the
operator slides the transducer over the lumbar spine.!®!

Intracluster and intertruncal injections

An intracluster injection is defined as the deposition
of LA with the needle tip close to the main cluster
and satellite clusters of neural elements that constitute
the superior, middle, and inferior trunk at the level of
the supraclavicular fossa. In the targeted intracluster
technique for supraclavicular brachial plexus
block (SCBPB), the neural elements are approached
without actual identification of individual trunks
because of poor resolution of US machines and poor
understanding of connective sheaths around the
brachial plexus. Intracluster injections are said to be
advantageous in terms of quick onset of block when

Figure 1: (a) Transverse spinous process view. Placement of probe in horizontal orientation on the spinous process of the vertebra. Pointed,
hyper-echoic shadow with dark anechoic shadow underneath. (b) Transverse interlaminar/interspinous view. Placement of probe in horizontal
orientation in between two adjacent spinous processes. Hyperechoic posterior complex (PC) formed by posterior dura and ligamentum flavum
with epidural space in between and anterior complex (AC) formed by vertebral body, posterior longitudinal ligament, and anterior dura seen. (c)
Parasagittal transverse process view. Placement of probe in vertical orientation 3—4 cm lateral to midline. Finger-like long acoustic shadows (trident
sign) seen. (d) Parasagittal articular process view. Probe at Figure 1c position moved medially. Shallower acoustic shadows formed by articular
processes of adjacent vertebrae similar to continuous camel hump seen. (e) Parasagittal oblique/interlaminar view. Probe at Figure 1d position
is tilted to look from lateral to medial direction into vertebral canal. Continuous hump-like shadows are replaced by intermittent saw tooth—like
shadows of adjacent laminae. L: Lamina, ESM: Erector spinae muscle, TP: Transverse process, Pm: Psoas major muscle, TP: Transverse
process, Pm: Psoas major muscle, AP: Articular process, AC: Anterior complex, PC: Posterior complex
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compared with eight corner pocket injections of LA
for SCBPB.! However, intracluster injections can be
intraneural, as shown in the cadaveric study by Retter
et al.'" where 24% of injections were sub-perineural.

Over the past two decades, with better availability
of high-resolution US machines and a better
understanding of sonoanatomy, it is possible to identify
the paraneural sheath surrounding the brachial plexus
at the supraclavicular™ and the infraclavicular?
fossa. Karmakar et al.*' used a transverse oblique
scan at the supraclavicular fossa to identify individual
brachial plexus elements above the clavicle using
sequential ultrasound imaging technique. Another
approach which has been advocated is the intertruncal
approach to SCBPB by Siddiqui et al.*® This approach
involves identification of individual trunks and two
injections: first between the upper and middle trunk
and the second between the middle and lower trunk.
This is advantageous in comparison to intracluster
injections as it avoids nerve injury. However, clinical
studies are required before recommending intertruncal
injections as the standard of care for SCBPBs.

Fascial plane block technique

In fascial plane blocks (FPBs), a large volume of dilute
LA is deposited in the musculofascial plane without
visualising the target nerves.l' Some of the FPBs, like
rectus sheath block (RSB) and pectoral nerves (PECS)
block, do have a defined mechanism of action where the
LA spreads to block the target nerves. However, some
like the erector spinae plane (ESP) block act by proxy
paravertebral mechanism. LA deposited in between the
two fascial layers blocks the nociceptors situated in the
plane and reaches the target nerves by bulk movement
and diffusion across a concentration gradient and some
degree of systemic absorption of LA.') Most of the
FPBs provide isolated somatic analgesia. However, few
FPBs like quadratus lumborum block (QLB) provide
both somatic and visceral analgesia.

Numerous classifications have been used to categorise
FPBs. A simple and easy classification is mentioned in
this article [Table 1].['¢17)

FPBs have modest analgesic efficacy and can be a part
of a multimodal analgesia regime. The quality of the
block achieved is not as dense as in a peripheral nerve
block (PNB) because the LA is injected into a plane
that has nerves or because it migrates towards the
target structures. Local anaesthetic systemic toxicity
is a potential complication secondary to the systemic
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Table 1: Classification of fascial plane blocks

Part of
region
UPPER

Body
region
EXTREMITY

Fascial plane block

Pericapsular nerve group (PENG)
block (Shoulder)

Clavipectoral fascial plane block
Adductor canal block
PENG block

Fascia lliaca Compartment Block:
Suprainguinal/Infrainguinal

Infiltration between popliteal artery
and capsule of knee joint (I-PACK)

Erector spinae plane block
Pectoral nerve (PECS) type 1 and
type Il blocks

Parasternal blocks

Serratus anterior plane block
Retrolaminar block

Midpoint transverse process-to-plane
block

External oblique intercostal block
Paraspinal-intercostal plane block
Quadratus lumborum block
Rectus sheath block

Transversus abdominis plane (TAP)
block

LOWER

TRUNK THORAX

ABDOMEN

absorption of LA from interfascial planes.**s! FPBs
such as the rhomboid intercostal block have been used
for pain management following thoracic and breast
surgeries.!*?!

Combined FPBs along with mild sedation through
propofol infusion are now being administered as the
sole anaesthetic technique in high-risk patients with
comorbidities: for example, ESP, PECS1, and serratus
anterior plane (SAP) for breast cancer surgery.'”
Posterior transversus abdominis plane (TAP) block
and lateral QLB combination can be used for lower
abdominal surgery.?”!

The learning curve for FPBs is relatively low, which
makes them simple to learn and perform. Although
USG remains the standard of care for performing FPBs,
a few of them can be done using the loss of resistance
technique (e.g., TAP block) or landmark-guided
techniques (e.g., deep SAP block).

Diaphragm-sparing blocks

Any brachial plexus block above the clavicle—
namely interscalene block (ISB) and its variants like
supraclavicular block or cervical plexus block—have
the potential of phrenic nerve paralysis, resulting in
hemidiaphragmatic paresis (HDP); this incidence is
high following ISB. This is worrisome in a patient
having underlying respiratory disease as it can cause
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decompensation™! due to reduction of respiratory
function by almost 20%.

Several techniques have been devised to reduce the
incidence of phrenic nerve paralysis.*” These include
USG-guided ISB, low-volume blocks,®! use of dilute
LA solution, and the injection of LA 4 mm lateral to
the brachial plexus in the supraclavicular approach.

Alternative diaphragm-sparing blocks have been
proposed. These include the US guided C7 root
blocks,?”? superior trunk block, suprascapular and
axillary nerve block combination, infraclavicular
anterior suprascapular nerve block (<10% incidence
of HDP), USG-guided ESP block at T2-3 level,®!
and the costoclavicular block (0% incidence of
phrenic nerve paralysis).?**! The costoclavicular
block is a promising block and provides anaesthesia
and analgesia equivalent to ISB.*! Further trials are
needed to study the efficacy of these blocks as a sole
anaesthetic and for postoperative pain management.?*

Segmental spinal anaesthesia

Severe hypotension, apnoea, neurological
complications, and high or total SA are some of the
undesirable effects of SA techniques. These can
be avoided by giving a spinal segmental block that
includes the deposition of a low dose of LA in the
subarachnoid region near the nerves supplying the
operative field to enable and limit anaesthesia only
in that field. The blood pressure, heart rate, oxygen
saturation, and end-tidal carbon dioxide always
remain within normal limits throughout the surgical
procedure because the sympathetic block produced
by the segmental SA is rarely complete and some
preservation of the sympathetic reflex for challenging
situations typically occurs.?

Thoracic spinal anaesthesia (TSA) is the performance
of SA at the thoracic vertebral level. Cord trauma with
high thoracic puncture is the major concern. However,
it has been found that there is a greater depth of the
posterior subarachnoid space at midthoracic levels
than at lumbar and upper thoracic levels.?” Forty-five
to 60 degrees of angulation of the needle is required
for puncturing at the thoracic level. This position
increases the distance to a point that allows needle
advancement without touching the cord. Nevertheless,
the incidence of paraesthesia has been reported to
be less (6.1%) during thoracic spinal puncture with
cut-point needle and pencil point needle compared to
the lumbar approach (20%).2*!

66

High segmental SA can be performed safely with
proper precautions with low dose of LA. Hypobaric,
hyperbaric, and isobaric LA solutions have been used
for segmental SA. In thoracic puncture, isobaric or
hyperbaric anaesthetics can be used, with or without
opioids. Isobaric solutions injected at the level of the
fifth thoracic space can simultaneously block sensitive
and motor roots, thereby providing safe anaesthesia.
Hyperbaric solution can provide a longer-lasting
sensory block than a motor block.* In the thoracic
region, the latency of thoracic spinal anaesthesia is
practically immediate and does not differ between
hyperbaric and isobaric solutions.F"

The best patient position for administering TSA is the
sitting position with shoulders relaxed and the head
and back flexed. Evidence shows that there is not much
difference between the use of cutting needle or pencil
point needle; however, the cutting needle may be safer.
Both the median and the paramedian approach can be
used, and the median approach may be technically more
challenging. The spinal needle insertion point for TSA
and LA volume can be selected anywhere between T4
and T12 depending on the type of surgery performed
(Breast surgery T5-T6, LA volume 1.1-1.4 ml; Colon
resection T4-T5, LA volume 1.7 ml; Gastrostomy
T8-T9, LA volume 1 ml; Gastrectomy T6-T8, LA volume
0.9-1.2 ml; Laparoscopic cholecystectomy T8-T11,
LA volume 1.5-2.5 ml; Laparotomy for abdominal
malignancies T9-T10, LA volume 2 ml). Bupivacaine/
levobupivacaine/ropivacaine with adjuvants such as
opioids, dexamethasone, clonidine, and midazolam
can be used.?"

Mastering the technique of segmental SA can help in
the anaesthesia management of critically ill patients
with comorbidities, considering the risk-benefit
ratio over general anaesthesia. Few studies including
RCTs on segmental TSA have shown that it provides
better patient satisfaction with superior postoperative
analgesia and fewer complications in breast cancer
surgery compared to GA.F? Nonetheless, evidence on
the technique including case reports is steadily building
up and it shows that TSA may be used in patients
where other anaesthetic techniques pose a higher risk
of mortality.[*®! Well-designed RCTs on TSA in different
population groups need to be conducted in the future.

NEWER TECHNIQUES FOR PROLONGATION OF
DURATION OF REGIONAL ANALGESIA

Continuous PNBs through catheters provide prolonged
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analgesia, reduce opioid consumption, and enhance
patient satisfaction after painful surgeries including
outpatient orthopaedic procedures.* The techniques
for delivering LAs through peripheral nerve catheters
include continuous infusions, patient-controlled
boluses, and programmed intermittent boluses.
Although their clinical benefits have been firmly
established, systematic reviews and meta-analyses
have found limited supportive data to endorse any one
technique over the others.B

Continuous wound infiltration with LA wound
infusion catheters is also used to control acute
postoperative pain. Fenestrated catheters (number
depending on the wound size) are directly implanted
into the wound subcutaneously at the end of surgery
and are connected aseptically to a portable elastomeric
infusion system. Studies have shown that this
technique is fast, less invasive, safe, easy to perform,
and provides good postoperative control of up to 48
hours."* The technique is more effective in areas with
dense subcutaneous tissue. However, it is associated
with the risk of infection and catheter dislodgement.

Liposomal bupivacaine is approved for use in nerve
blocks and local wound infiltration and is designed to
provide longer pain control.*” It is an extended-release
formulation of bupivacaine that utilises technology
that employs multi-vesicular liposomes containing
bupivacaine, resulting in sustained release of
bupivacaine into the tissue for 72 to 96 hours.

A common approach is to use adjuvants with LAs in
single-injection PNBs, CNBs, intravenous regional
anaesthesia, and wound infiltration to speed the
onset of analgesic action, prolong the analgesic
effect, and reduce the dose of LA. The adjuvants
should not prolong the adverse effects of the LA and
should produce minimal central nervous system-—
related side effects. The search for such an adjuvant
continues and newer adjuvants have been added
to the existing armamentarium. Dexamethasone
4-10 mg, buprenorphine 0.3 mg, clonidine 1-2 pg/kg,
and tramadol 200 mg are currently the best perineural/
perineuronal adjuvants. Dexmedetomidine 0.5-1 ug/kg
has also been found to produce good clinical results
as a perineural adjuvant.’®*! Clonidine 150 pg/kg and
morphine 5 mg are good intraarticular LA adjuvants.®

There is ample evidence to support the use
of alpha-2 agonists (clonidine 3 pgkg and
dexmedetomidine 1 pg/kg) as adjuncts to LA wound
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infiltration. Fentanyl, ketorolac, dexamethasone,
magnesium, ketamine, non-steroidal anti-inflammatory
drugs (NSAIDs), steroids, neosaxitoxin, methylene
blue, and several other agents are other adjuncts to LAs
for wound infiltration; however, more well-designed
studies need to be conducted on them."

ADVANCEMENTS IN THE PROMOTION OF THE
SAFETY OF REGIONAL ANAESTHESIA

Safety in RA can be achieved by avoiding
paraesthesia-based nerve block technique, use of USG,
reducing the number of needle passes, reducing the
LA dose, and avoiding vascular puncture and neural
damage (e.g., by using dual modality such as USG and
neurostimulation).™!

USG-guided blocks are associated with limitations
such as vision within the narrow beam, inability to see
through bone, air, and increasing depths of tissue.*"#
The needle visibility decreases as the depth and
angle of the needle increases. The incidence of nerve
damage remains at 0.05% for a persistent neuropathy
to 1.9% for a transient neurologic adverse event. The
demarcation between the paraneurium, epineurium,
and perineurium, or between nerve bundles and
individual fascicles is not visible in USG.! Hence,
to overcome these limitations, novel approaches to
nerve block needle tracking and visualisation have
been devised. These include micro-ultrasound at the
tip of the needles and tip-tracker needles with a piezo
element embedded at its distal end that can track the
needle tip in-plane and out-of-plane.* There are
other aids to improve the view of the needle tip such
as needle guides, alterations in needle or needle tip
design such as vibrating needle tip, needle tips with
photoacoustic effect, needle tip with sensor technology
to allow needle detection at greater depth and steeper
angles, electromagnetic or global positioning system,
three-and four-dimensional US to monitor the
spread of LA, optical tracking, augmented (virtual)
reality, robotic assistance, and computerised needle
detection.® However, the evidence for these
solutions is currently weak. Echogenic needles, beam
steering, and compound imaging can improve needle
visibility.!®

High needle diameter, intraneural needle tip location,
non-echogenicity of the needle, and high injection
rates (>15 ml/min) can increase injection pressure.*”!
Injection pressure monitoring helps in getting an alert
on intraneural needle tip placement while monitoring
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the pressure generated during injection. There are
many manometers and syringe pumps with a fixed
pressure injector that have been validated in animals,
cadavers, and in case series. These include control
disc stimulation device, BSmart (B. Braun, Melsungen,
Germany), improvised pressure gauge, compressed air
injection technique, and an optical fibre pressor sensor
embedded within the shaft of the needle developed
by Saporito et al.*¥ The SAFIRA system is a recently
launched system for injection pressure monitoring.["
Exploratory studies have been published recently on
the use of a combination of real-time injection pressure
sensing and minimal intensity stimulation (with an
impedance analyser coupled with a nerve stimulator)
during PNB.B"

Deliberate intraneural injections have been used in
volumes of 0.5 ml in isolated peripheral nerves such
as the sciatic nerve or the medial nerve.*¥! These
carry the risk of intra-fascicular disruption which is
riskier in the brachial plexus, which in turn has lower
connective tissue-to-neural tissue ratio.*'*? Needle
trajectory tangential to nerve circumference makes it
more likely that the needle will touch and move away
rather than penetrate the epineurium."

Dural sac cross-sectional area (DSCA), which is the
sagittal anteroposterior diameter of the dural sac, is
another highly effective parameter to determine the
minimum effective anaesthetic volume (MEAV) of LA
for SA. The dose of SA can be modified and optimised
to control the sensory level according to the ratio of the
DSCSA. This is useful especially in geriatric patients
with spinal canal stenosis.!

Neuraxial and regional block Fit (NRFit) connectors
dedicated toward injections into the neuraxial space
and in PNBs have been assigned by the International
Organization for Standardization (ISO). Some authors
recommend the use of these connectors in the practice
of RA to prevent the inadvertent neuraxial injection
of medications intended for systemic use and thus
improve patient safety.?

Novel nerve blocks, especially motor-sparing and
procedure-specific blocks, keep getting added to the
existing armamentarium of nerve blocks to improve
the efficacy of analgesia, provide early ambulation,
and improve patient satisfaction and safety. The
high-volume proximal adductor canal (Hi-PAC) block
is one such promising motor-sparing, dual target,
single-injection technique for below-knee surgeries
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that can avoid the delay in diagnosis and treatment
of acute compartment syndrome.®® The dual
sub-sartorial block is another novel motor-sparing
technique for total knee arthroplasty.® The search for
the optimum approach to the target nerve, MEAYV, type,
and concentration of LA is unending. USG reduces the
MEAV for nerve blocks.

ONGOING CHALLENGES IN THE FIELD OF REGIONAL
ANAESTHESIA

US-guided blocks definitely score over the
conventional techniques owing to their several
advantages. However, the cost and the availability
of US machines are the major limiting factors for
their routine use. Also, lack of proper training of
anaesthesiologists in their correct application often
leads to failure and complications. This and the lack
of definitive evidence of the superiority of some
novel RA techniques lead to underutilisation of the
upcoming techniques.™! All this means that there is
an urgent need to educate and improve the technical
proficiency of anaesthesiologists in our country in
ultrasound-guided regional anaesthesia (USGRA). This
can be done through departmental heads encouraging
the use of RA and setting up of more USGRA regional
training centres in all parts of our country, especially in
medical colleges and civil hospitals. Nevertheless, the
use of augmented reality and artificial intelligence (AI)
in the enhancement of RA training and performance is
being currently contemplated.

SCOPE FOR FURTHER RESEARCH AND
ADVANCEMENTS IN REGIONAL ANAESTHESIA

Computer-aided detection is one of the applications
of Al, which may become routine in the future for
nerve localisation and needle tracking in USGRA.
This technique uses de-speckling filters, thereby
increasing the contrast of the region of interest and
reducing background speckle. This is again based on
the image recognition principle. Nerveblox, which
was developed as a trademark (SmartAlpha Inc, 2019,
Ankara, Turkey), is an Al-based image interpretation
guidance software for US-guided and select peripheral
nerve and interfascial plane blocks. Nerveblox, when
connected to the video output of any existing US device,
autodetects key anatomical landmarks on the US
image for a specific nerve block type.® Such devices
need to be further researched. The day may not be far
when all USG machines will have AI incorporated
into them and robots will be in action performing
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RA blocks with 100% success and no complications.
RA research networks need to be established in all
countries. Nonetheless, research grants and funding
of studies on RA need to be encouraged. High-quality
studies including well-powered RCTs are needed
to compare and study novel RA approaches. More
research studies on the effects of the nerve blocks on
long-term functional and patient-centred outcomes
need to be conducted. Cadaveric dye studies and
Al-based studies on the drug distribution path can
help define the exact volume of LA required for the
selective targeting of sensory, motor, and sympathetic
nerve fibres.

SUMMARY

RA interventions that are safe, effective, fast-acting,
and that are accompanied by patient comfort and
satisfaction, early recovery, and good functional
outcomes are steadily developing. We are living in an
era wherein the clinical applications of RA are fast
growing and so are the paradigms of research on RA.
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Despite an increase in knowledge on the biology of cancer and newer therapeutic modalities, the
incidence and mortality of cancer continue to rise. Interventions to enhance perioperative outcomes
in cancer is a growing research area that targets early recovery and initiation of cancer-specific
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treatment. Increasing mortality in non-communicable diseases such as cancer mandates an
integrated palliative care for these patients to achieve the best possible quality of life. The aim of
this review is to discuss in brief the advancements in onco-anaesthesia and palliative medicine
that have helped improve oncological outcomes and the quality of life of patients.
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INTRODUCTION

Today, knowledge on cancer biology is at its peak, with
treatment interventions to achieve the best outcomes
at an all-time high; however mortality related to cancer
continues to be rise.! In this scenario, any intervention
to improve oncological outcomes will have a major
impact on overall cancer statistics. It is also imperative
that patients have the best possible quality of life (QOL)
as the disease progresses. Recent advancements in
onco-anaesthesia such as perioperative management
strategies, modifying anaesthetic techniques for
improved oncological outcomes, and establishing
protocols to avoid and treat chronic post-surgical
pain (CPSP) are all interventions that have a major
impact on disease-free survival after oncological
treatment and will be touched upon in this review.

The Lancet Commission reported that an estimated
48 million people (47% of all deaths globally) will die by

the year 2060 with serious health-related suffering: an
87% increase from 26 million people in 2016.1! Seven
out of the top ten leading causes of death in this group
are non-communicable diseases (NCDs), including
cancer®® Ensuring palliative care (PC) for these patients
is an important task as the penetration of PC is meagre,
especially in lower socioeconomic countries like ours.
Newer available resources like PC for NCD, evidence
for integrating PC with oncological care, and ensuring
good death by implementing an end-of-life care (EOLC)
policy will be the focus of this review.
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RECENT ADVANCEMENTS IN ONCO-ANAESTHESIA

PERI-OPERATIVE MANAGEMENT:

Oncological surgery is a portion of cancer treatment,
often preceded by neoadjuvant chemotherapy (NACT)
and followed by adjuvant chemotherapy, radiotherapy,
or both. Time-to-surgery (TTS) following NACT and
return to intended oncologic therapy (RIOT) following
surgery are important indicators of outcomes in cancer
surgery. NACT can be associated with significant
adverse effects. TTS of 4-6 weeks is considered
optimal to allow a reasonable recovery from cytotoxic
adverse effects and reduction in disease volume;
however, a recent review pointed toward a duration
of even =28 days of TTS after NACT for improved
survival outcomes.™!

Prehabilitation

Cancer patients are often in poor general condition
with suboptimal functional capacity preoperatively
due to the disease itself and multiple other factors like
side effects of NACT, passive waiting period, anxiety,
depression, anorexia, insomnia, and weakness,
ultimately resulting in postoperative complications
and delayed recovery. Addressing these issues
preoperatively attenuates postoperative risk.®’ The
concept of prehabilitation has emerged, which utilises
a 4-6-week window period preoperatively to improve
the patient’s condition by optimising of nutrition,
psychological status, and physical reserves, along
with correcting anaemia and implementing lifestyle
modifications [Figure 1].

Enhanced recovery after surgery

Surgical stress results in various physiological
and psychological perturbations that contribute to
postoperative complications. The enhanced recovery

SURGERY

° rehabiitation ‘ o

No Prehabilitation

Functional Capacity

ive Period ™

A e
{ Preoperative Period >(‘ P
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Figure 1: Model of prehabilitation. Increasing functional capacity
before surgery leads to improved postoperative recovery. Adapted
from: Molenaar CJL, Papen-Botterhuis NE, Herrle F, Slooter GD.
Prehabilitation, making patients fit for surgery — a new frontier in
perioperative care. Innov Surg Sci 2019;4:132-8
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after surgery (ERAS) programme—a multispecialty,
multimodal approach to perioperative
aims to decrease this stress, thereby leading to
decreased postoperative complications, accelerated
functional recovery, shortened hospital stay, and
facilitation of RIOT on time leading to better
outcomes. ERAS care extends through the entire
perioperative period, starting from counselling and
prehabilitation preoperatively to discharge from the
hospital®™ [Table 1]. There is evidence to suggest that
prehabilitation complements ERAS care to achieve
optimal patient outcomes.!”!

care—

RIOT was first suggested as a novel metric for assessing
oncological outcomes,” and since then multiple
randomised controlled trials (RCTs) have been carried
out with RIOT as an outcome with variable results. RIOT
is defined as the duration (in days) between surgery
and either commencement of intended oncologic
therapy or resumption of neoadjuvant preoperative
therapy after a break for surgery.” Early discharge after
surgery enables patients to undergo further treatment,
such as adjuvant chemotherapy, on time that help
improve survival outcomes. The earlier a patient can
begin adjuvant therapy after surgery, the better is their
overall survival (OS). Rocher et al.'! noted OS benefit
after cytoreductive surgery (CRS) when chemotherapy
was started within 6 to 8 weeks after CRS. A systematic
review on ERAS found that patients following the
ERAS pathway had early RIOT.!'!

Rehabilitation

Cancer patients need aggressive procedure-specific
rehabilitation after surgery, such as speech and
swallowing therapy in head and neck malignancy, arm
exercises for breast cancer, and focused physiotherapy
afterlimb salvage surgery, apart from ensuringadequate
nutrition and functional capacity in the postoperative
period. Early targeted rehabilitation facilitates better
functional outcomes.

Oncology-specific procedures

Today, what was once considered inoperable has
come within the purview of curative surgery by
adopting special extensive surgery with heated
chemotherapy. Procedures such as cytoreductive
surgery with hyperthermic intraperitoneal
chemotherapy (HIPEC), hyperthermic intrathoracic
chemotherapy (HITHOC), pressurised intraperitoneal
aerosol chemotherapy (PIPAC), and hyperthermic
ischaemic limb perfusion (HILP) are routinely
carried out in major oncological centres. The
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Table 1: Components of enhanced recovery after surgery (ERAS) protocol

Pre-admission and preoperative care

Intraoperative management

Postoperative management

Preadmission information, education, and counselling

Prehabilitation: physical exercise, nutritional optimisation,
psychological support

Preoperative optimisation

Surgical site infection bundles:
antimicrobial prophylaxis, skin
preparation, prevention of hypothermia,
maintenance of normoglycaemia

Use of short-acting anaesthetic agents

Multimodal analgesia, use of

Patient-reported outcome including
functional recovery, discharge
pathways, audit, and ERAS
reporting system

Early removal of drains or tubes

Early removal of catheters

regional anaesthesia and analgesia,
opioid-sparing analgesia

Cessation of smoking and alcohol for four weeks before
surgery
Anaemia to be diagnosed, investigated, and corrected

Perioperative fluid management:
goal-directed fluid therapy

Intraoperative strategy of prevention of

Optimal pain control

Early mobilisation

paralytic ileus

Selective preoperative bowel preparation, minimum fasting,
and carbohydrate preloading

Routine sedative premedication should be avoided

Multimodal approach with more than two antiemetics should
be undertaken to prevent postoperative nausea and vomiting

Venous thromboembolism prophylaxis

Early discharge

anaesthesiologist is confronted with major resection,
hyperthermia, and the side effects of chemotherapy.
The management of such patients requires impeccable
prehabilitation-to-rehabilitation care.

PERIOPERATIVE CONSIDERATIONS RELATED TO
CANCER

Recurrence and metastasis

Cancer spread and recurrences occur due to an
imbalance between the tendency of a tumour to spread
and the body’s anti-metastatic mechanisms. Stress
response due to any aetiology has been associated
with natural killer (NK) cell suppression, perioperative
immunosuppression, and increased tumour retention.
Hypoxia-inducible factors (HIF1A) are upregulated
by tissue hypoxia and lead to promotion of cellular
pathways for angiogenesis, cell proliferation, and
metastasis by downstream expression of vascular
endothelial growth factor."?

The association of regional anaesthesia with reduced
risk of metastases in cancer surgery is mainly due
to attenuation of surgical stress and reduced opioid
consumption.” In addition to tumour handling and
surgical trauma, countless perioperative variables
can alter oncological outcomes, like anaesthetic
management, blood transfusion, hypothermia,
and other postoperative complications [Table 2].
Transfusion-related immunomodulation is the
mechanism behind allogenic blood transfusion—
related tumour recurrence. Beta blockers cause
attenuation of intense sympathetic drive and
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interleukin release during the initial phase of cancer
seeding. Mild hypothermia (35.5°C) enhances the
immunosuppressive effects of abdominal surgery
in humans by stimulating a stress response and
corticosteroid release. Both inhalational and
intravenous anaesthetic agents have been studied for
their effects on cancer spread.!*!

Among the adjuvants, intravenous lidocaine has
a protective influence where it reduces levels of
interleukin (IL)-1, tumour necrosis factor-alpha,
and IL-8. Glucocorticoids have anti-inflammatory
and immune modulating effects. Both tissue hypoxia
and hyperoxia facilitate tumour proliferation. It
is recommended to limit the fractional inspired
concentration of oxygen to 0.3 to 0.4 in the
perioperative period. Cyclo-oxygenase-2 inhibitors
have anti-tumour and anti-angiogenic properties,
with beneficial effects observed in breast and colon
cancer. Statins also curtail cancer incidences in
humans through the inhibition of tumour cell growth,
anti-angiogenic effect, and repression of metastasis.
Perioperative ~ immunotherapy  with  interferon
alpha and beta attenuates the inhibition of NK cell
cytotoxicity due to surgery and anaesthesia, forming
the point of future research.’!

Chronic postsurgical pain

CPSP is a problem that is often overlooked by busy
oncologists who focus only on cancer. CPSP is an
unwanted but frequent adverse sequela of oncosurgery
and is clinically and socio-economically challenging.
There is a wide discrepancy in the reported incidence
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Table 2: Peri-anaesthetic factors affecting cancer recurrence and metastasis
A. Anaesthesia technique

Technique Effects

Mechanism

TIVA Propofol-based; Has anti-tumour effects, if

opioid use limited
Regional anaesthesia

Attenuate cancer recurrence, reduce risk of

Inhibition of COX-2 and PG-E2; Preserved natural killer
cell function; Early recovery after surgery (ERAS)

Decrease stress response, reduce opioid consumption,

metastasis and maintenance of NK cell, lymphocyte, and monocyte
activity
B. ANAESTHETIC AGENTS
Agent Effects Mechanism
Propofol “Safe” in onco-anaesthesia Weak beta-antagonistic, mitigates stress-induced

Thiopentone/Ketamine
nuclear factor kappa-B

Volatile anaesthetics Tumorigenic, anti-apoptotic,

Tumorigenic thiopentone inhibits activation of

immunomodulation

Inhibits bactericidal functions of leukocytes, inhibits
apoptosis, suppresses NK cell

Upregulates HIF1-alpha and phospho-inositide

immunosuppressant 3-kinase-protein kinase B/Akt (PI3K-PKB/Akt) pathway
C. ADJUVANTS
Agent Effects Mechanism
Opioids Pro-tumoural, increases angiogenesis Immunosuppression, reduces NK cell cytotoxicity,

Lidocaine, Ropivacaine
NSAIDs

Alpha-2 agonists

(clonidine, dexmedetomidine)
Beta blockers
Glucocorticoids,

Deter tumour progression
Anti-tumour and anti-angiogenic

Equivocal, anti-inflammatory

Increased tumour cell retention and metastasis

Tumour-protective, preserves NK cell function

promotes metastasis by increased secretion of
uro-kinase-like plasminogen activator

Anti-inflammatory, anti-microbial, inhibits TNF-a
Cyclo-oxygenase-2 inhibition
Opioid-sparing effect is protective

Attenuation of sympathetic response and stress
Antiemetic, analgesic, immunomodulating

dexamethasone

Statins Protective Inhibition of tumour cell growth, anti-angiogenic effect,
and repression of metastasis

Midazolam Equivocal Inhibits lipo-polysaccharide-induced production of IL-1,
TNF-a, and IL-6 and -8 by monocytes.

Oxygen Tissue hypoxia enhances angiogenesis, Formation of reactive O, species, recommendation to limit

hyperoxia facilitates tumour cell proliferation FiO, to 0.4
D. OTHERS

Factors Effects Mechanism

Temperature Hypothermia Even mild hypothermia is immunosuppressive

Transfusion Blood and component transfusion TRIM causes tumour recurrence and
immunosuppression

Therapy Immunotherapy Per-treatment with interferon alpha and beta increases

NK cell activity

TIVA: Total intravenous anaesthesia; COX-2: Cyclo-oxygenase-2; PG-E2: Prostaglandin E2; NK cell: Natural killer cell; ERAS: Enhanced recovery after surgery;
HIF: Hypoxia-inducible factors; TNF: Tumour necrosis factor; IL: Interleukin; FiO,: Fraction of inspired oxygen; TRIM: Transfusion-related immunomodulation;

NSAIDs: Non-steroidal anti-inflammatory drugs

of CPSP (5%-85%) because of variability in the time
reference considered by the researcher for diagnosing
CPSP. The new revised International Classification
of Diseases (ICD)- 11 has standardised the definition
of CPSP and hence the incidence in future studies is
expected to be more reliable.!'?)

The highest incidence of neuropathic CPSP is after
thoracotomy, mastectomy, and amputations. Screening
for neuropathic pain by using Quantitative Sensory
Testing (QST) or the Douleur Neuropathique 4 (DN4)
questionnaire in the first few days after surgery might
help to predict neuropathic CPSP. Severe, acute
postoperative pain that leads to neuroplastic change
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in the central nervous system (central sensitisation) is
consistently associated with the occurrence of CPSP.
Hence, an aggressive and individualised perioperative
pain management strategy should be adopted after
considering the risk factors for the development of CPSP.
Minimising opioids by using multimodal analgesia,
regional techniques, or ketamine could decrease the
incidence of CPSP. Better studies are needed to define
the role of gabapentinoids, alpha-2 agonists, and
intravenous lidocaine in preventing CPSP."”!

Adopting skilful surgical techniques that minimise

nerve injury and insults and limiting the duration of
surgery are advocated to decrease the incidence of
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CPSPI7 Treatment of CPSP consists of using early
physiotherapy and pharmacological methods such as
antidepressants, topical lidocaine, and capsaicin. If
these fail, non-pharmacological approaches such as
transcutaneous electrical nerve stimulation, cognitive
behavioural therapy, or invasive methods like nerve
blocks may be required.'® A recent study found a
correlation of messenger ribonucleic acid (mRNA)
expression of signal transduction genes with severity
of pain in CPSP."¥l Research is ongoing in this area to
find optimum remedies.

RECENT ADVANCEMENTS IN PALLIATIVE MEDICINE:

Early integration of palliative care into oncology
Traditionally, PC was considered a part of EOLC.
However, evidence over the last decade suggests that
referral to PC teams soon after diagnosis of advanced
cancer improves the QOL, symptom control, and
satisfaction of patients and their caregivers."?
Vanbutsele et al.* reported significantly better QOL
in patients with advanced solid tumours when PC was
integrated with oncological care within 12 weeks of
diagnosis. The same group also showed that the benefit
in QOL continues up to one month before the death of
these patients. Hence, the American Society of Clinical
Oncology (ASCO) recommends that dedicated PC
services be initiated within eight weeks of diagnosis
of advanced cancer, concurrent with active treatment
for all inpatients and outpatients. Early integrated PC
services are already actively running in some hospitals
in India. In fact, there are 16 European Society of
Medical Oncology (ESMO) designated centres of
integrated oncology and PC at present and more are
being added."

Non-oncology palliative care

Society has a huge burden of patients suffering from
life-limiting NCDs. Long-term care of such patients is
a major issue in India. The common NCDs that need
PC include advanced heart disease, chronic lung
and liver disease, end-stage renal disease (ESRD) on
haemodialysis, dementia, human immunodeficiency
virus infections, drug-resistant tuberculosis, diabetes,
and congenital anomalies.?”! Non-availability of PC
may expose them to aggressive medical interventions
due to non-alignment of physician and patient goals
and practice of disease-oriented management. This,
in turn, drains the resources of patients and family.
Lack of insurance coverage for hospice and PC is the
major limiting factor for its use. Though the goals
and principles of PC in non-cancer patients remain
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the same as in cancer patients, the outcome benefits
appear less, probably due to heterogenicity of diseases
and disease-specific symptoms, PC interventions,
and stages of disease.

A systematic review by Bostwick et al.*®! compared
PC needs of cancer to common non-cancer conditions.
The review observed that patients with chronic
obstructive pulmonary disease, ESRD, and heart
failure were less functional, suffered more from
fatigue, anorexia, dyspnoea, pain, and depression
and were more likely to be hospitalised at the time
of referral to PC than cancer patients. Palliative
performance scale (PPS) was low in the non-cancer
group, suggestive of more varied trajectory of these
diseases. Non-cancer patients were older and more
bed-bound, requiring total care despite similar
prognoses to cancer patients.[?4

National palliative care services

The National Consensus Project guidelines of 2018
emphasised on eight aspects of PC [Figure 2].?! The
National Health Policy, 2017, describesacomprehensive
primary health care package that includes geriatric
health care, PC, and rehabilitative care services.
Multi-disciplinary teams at health and wellness
centres (HWC) provide PC to needy patients [Figure 3].
Home-based PC services bring care to the doorstep of
the patient, are often carried out by accredited social
health activists (ASHAs), and are well suited to social
environment in India.!?"!

Physical Care -
symptom relief -
dyspnoea,
cedema, pain,
fatigue,
depression

Emotional
Support, conflict
resolution,
resource

DT, family
engagement,
communication,
care coordination

Palliative
Care -
Patient Goals
- 8 Domains

Ethical & Legal
Aspects - honouring
patient preferences,
shared decision
making, legal prosies

Social &
Environmental
Factors -
optimisation

Respecting
spiritual &
religious beliefs,
explaining
meaning of life

End of life

symptom
management &

access to hosp

sensitive
resources &
strategies

Figure 2: Domains of palliative care
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« Accredited Social Health Care Activists (ASHAs)
« Multi-purpose workers (MPW)

« Community Health Officer (CHO)

&

Identify patients in need of PC

rl_; ﬂ, « Carry out regular visits
— - - Dressing change, catheter change -
T8 palliative care kit

= Education & Communication

- Patient, Family

+ Encourage community volunteering,
patient support group

Reference to PHC / DHC
- Morphine dispensing
- specialist reference

Figure 3: Multi-disciplinary teams at health and wellness centres. PHC:
Primary health centre; DHC: District health centre; PC: Palliative care

End-of-life care

A recent cross country survey following a scoping
review on quality of death placed India 59" against 81
counties studied®® Non-availability of quality health
care, with only 2% of our population having access to
PC, and the lack of clear legal guidelines on end-of-life
decision-making act as barriers for ensuring good
quality of death.

Initiation of postgraduate education in many colleges
in palliative medicine and the 2019 introduction of
the Attitude, Ethics and Communication (AETCOM)
module in undergraduate teaching are efforts to
increase PC availability, all of which are the first step
for structured EOLC.

Legally, the Supreme Court of India in 2018 confirmed
the constitutional right to regulate one’s own
treatment—including refusing it even if it were to
cause one’s death—and the right to die with dignity.
They affirmed the validity of advance medical
directives and the withdrawal of life-sustaining
treatment.””? Despite this, ethical dilemmas on
withholding and withdrawing support continue to
plague PC professionals.

One of the first documents on procedural guidelines
for “Limitation of life sustaining treatment and end
of life care” (the BLUE-MAPLE) was brought out
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Table 3: Guidelines for EOLC as per AlIMS* document

Steps to follow when initiating EOLC

Step 1: Recognition of “Futility of Further Management” by primary
clinicians

Step 2: Clinicians’ consensus on futility of further management

Step 3: Early and detailed explanation of prognosis with proper
communication and documentation of disclosure by
patients and/or family members for withholding life support

Step 4: Assessments before initiation of end-of-life care
Step 5: Continuous assessment of daily supportive care plan
Step 6: Documentation of daily progress note

Step 7: Feedback

EOLC: End-of-life care. *From: https://aiims.edu/images/pdf/notice/irch-9-3-20.
pdf

by the Manipal Academy of Higher Education in
2019.”% Since then, guidelines have come in from
hospitals like the All India Institute of Medical
Sciences®! (AIIMS) [Table 3] and the recent
Do-Not-Attempt-Resuscitation guidelines from the
Indian Council of Medical Research (ICMR),"®! paving
the way forward for EOLC in the country. Quality EOLC
has also been mandated by the National Accreditation
Board for Hospitals and Healthcare, making it
accessible for private sector medical institutions.

SUMMARY

As George Bernard Shaw said, “Progress is
impossible without change, and those who cannot
change their minds cannot change anything”, so
onco-anaesthesiologists should progress and strive
to improve oncological outcomes by modifying our
techniques, keeping abreast of newer knowledge to
minimise post-surgical complications, and maximise
benefit. PC is considered the fourth dimension of
oncology and is essential for treatment of NCDs.
Ensuring the availability of PC at all levels is a sign of
a robust and evolved society.
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ABSTRACT

The speciality of cardiac anaesthesia has rapidly evolved over the past few decades with advances
in technology, including artificial intelligence (Al), newer devices, techniques, imaging, pain relief
and a better understanding of the pathophysiology of disease states. Incorporation of the same
has led to improved patient outcomes in terms of morbidity and mortality benefits. With the advent
of minimally invasive surgical methods, minimising the dose of opioids and ultrasound-guided
regional anaesthesia for pain relief, enhanced recovery after cardiac surgery has been made
possible. Perioperative imaging including 3D transoesophageal echocardiography, newer devices
and drugs and Al algorithms will play a significant role in cardiac anaesthesia. This review briefly
addresses some of the recent advances that the authors believe can impact the practice of cardiac

anaesthesia.

Key words: Anaesthesiology, artificial intelligence, recent advances

INTRODUCTION

Advances in the practice of cardiac anaesthesia have
led to the identification of gaps in knowledge requiring
a focus on perioperative care including longer-term
outcomes. Adopting the use of various types of
data, novel analytical techniques and innovative
approaches to the conduct of research will ultimately
benefit patients. With the advent of minimally
invasive cardiac surgery (MICS), minimising the
dose of opioids and wultrasound-guided regional
anaesthesia for pain relief have made enhanced
recovery after cardiac surgery (ERACS) possible.
Perioperative imaging including 3D transoesophageal
echocardiography  (TEE), devices and
medications, big data and machine
learning generated algorithms will be essential for
safe cardiac anaesthesia. A few, like MICS with
problems of lung isolation, and leadless pacemakers
have anaesthetic implications, whereas others like
artificial intelligence (Al)-enhanced software improve
imaging which can result in the faster interpretation
of findings for better perioperative management.

newer
analytics

Medical therapies such as dilators and diuretics have
significantly contributed to the reduction in mortality
and exacerbations of heart failure. Some of the aspects
such as regional analgesia, emerging drugs and
technologies, Al in cardiac anaesthesiology, advances
in imaging and MICSs and anaesthesia that have had
an impact on clinical practice are described in this
review.

REGIONAL ANALGESIA

Pain following cardiothoracic surgeries is considered
most severe and methods to relieve the same include
regional techniques which can be divided into
neuraxial and non-neuraxial including fascial plane
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nerve blocks excluding infiltrative methods™ [Table 1].
The anterior divisions of the 2"-6™ intercostal nerves
supply most of the anterior chest wall.

Paravertebral block

This block is used for thoracotomy, minimally
invasive and robotic surgeries and for midline
approach bilaterally. Single-shot multi or single-level
block using a catheter can be performed. Ultrasound
guidance increases success rates!® [Figure 1].

Parasternal intercostal block
This block involves bilateral injections of local
anaesthetic in the second to sixth intercostal

PARIETAL PLEURA

SYMPATHETIC CHAIN

FARAVERTEBRAL SPACE VORI RS

B SUPERION COSTO TRANSVERSE LIGAMENT

VISCERAL PLEURA
PARIETAL PLEURA

"

MUSCLE

ML SUPERIOR COSTOTRANSVERSE
| LIGAMENT

TRANSVERSE PROCESS
T NECK OF RIB

Figure 1: (a) Paravertebral space and its boundaries. (b) Sagittal
section—needle walking over the transverse process after piercing
superior costotransverse ligament. (Adapted from the primary author’s
previous publication!™)

spaces prior to the sternal

wires.B! [Figure 2].

placement  of

Fascial plane blocks

These blocks comprised of pectoralis nerve block,
serratus anterior plane block, pesto-intercostal fascial
plane block and transverse thoracic muscle plane
block [Figures 3-5]. The drawback is that bilateral
blocks are needed for midline incisions.

With the implementation of ERACS protocols, the use
of regional blocks has found extensive application by
ultrasound-guided techniques.®?!

EMERGING DRUGS AND TECHNOLOGIES

Cardiothoracic anaesthesia and critical care are
technology intensive disciplines that have made
measurable improvements in patient care and safety
over the last decade, more so with the advent of
newer drugs and technologies that are pushing the
envelope to better diagnose, investigate and treat
cardiac disease. One of the foremost new technologies

e T

i

Figure 2: Points of injection. (Adapted from the primary author’s
previous publication!™)

{
{
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Table 1: Various blocks used for cardiac surgery

Name of the block Target nerve

Target plane Area covered

Pectoral nerve
block (PECS) 1 and
2 (modified PECS 1)

PECS 1-lateral and medial pectoral
nerves PECS 2 -Intercostal

nerves (T2-T-6) long thoracic nerve
of bell, and thoracodorsal nerve.

Erector spinae block (ESB) Dorsal and ventral rami

Anterior cutaneous branches of
intercostal nerve

Pecto-intercostal-fascial
plane block (PIFB)

Transverse thoracic muscle
plane (TTP) block

Multiple anterior cutaneous
branches of thoracic 2-6 segments

Anterior chest wall

Anterior and lateral part of chest
and axilla

Between pectoralis major and
minor

Between pectoralis minor and
serratus anterior

Deep to erector spinae muscle
at the level of T6 transverse
process

Between pectoralis major and
external intercostal muscle, on
lateral side of sternal margin
Between transverse thoracic
muscle and intercostal muscle

Anterior and posterior chest
wall, axilla and medial aspect of
upper arm.

Medial part of chest wall

Medial part of chest wall
including internal mammary area
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PECTORALIS MAJOR MUSCLE

2 N PECTORALIS MINOR MUSCLE

MEDIAL PTCTORAL NERVE

LATERAL PECTORAL NERVE

LATERALCUTANEOUS
BRANCHES

OF INTERCOSTAL NERVE
LONG THORACIC NERVE

SUBSCAPULAR NERVE

SUBSCAPULAR MUSCLE

Figure 3: Showing plane for injection in Pecs 1 and Pecs 2
block. (Adapted from the primary author’s previous publication!)

WENTRAL AAMUS

Figure 4: Blue arrow—plane for injection in erector spinae block.
EIM = external intercostal muscle, 1IM = internal intercostal muscle,
InIM = innermost intercostal muscle. (Adapted from the primary author’s
previous publication!™)

LATERAL BRANCH

MEDIAL BRANCH

ANTERIOR CUTANEOUS BRANCH
OF INTERCOSTAL NERVE

STERNUM

INTRMAL THORACIC
ARTERY AND VIIN

Figure 5: (a) Intercostal nerve anatomy in the parasternal region (b)
Drug deposition for pecto-intercostal fascial block. PM = pectoralis
major; IIC = internal intercostal muscle; TTM = transverse thoracic
muscle. (Adapted from the primary author’s previous publication!"

on this front is the development of Aveir leadless
pacemaker (LP).[! Aveir LP was developed to prevent
the complications of traditional transvenous pacing
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systems, namely cardiac perforation, tricuspid valve
injuries, infective endocarditis, lead fractures, central
venous thrombosis, etc. It is indicated in patients with
symptomatic bradycardia and is currently available
in VVI, VOO, OVO and pacing off mode (firmware
upgrade needed for dual chamber pacing). Aveir LP
senses right ventricular blood temperature for its
rate-responsive mode and therefore perioperative hypo/
hyperthermia as well as rewarming after hypothermic
cardiopulmonary bypass may lead to pacing at rates
higher than the programmed.® If the patient is pacing
dependent, either a magnet is used or the Aveir LP
is reprogrammed to VOO mode perioperatively.
Continuous electromagnetic interference may lead to
automatic entry into VOO mode with the possibility of
R on T phenomenon. Monopolar electrocautery should
be kept as far as possible and bipolar cautery should
be used if needed. Aveir LP is magnetic resonance
imaging conditional at 1.5 and 3T. Even though battery
drain is the main drawback, emerging innovations like
using the heartbeat’s kinetic energy to pace the heart
or wireless charging may soon find a solution to these
problems.

Medical therapies such as dilators and diuretics have
definitely reduced mortalities and exacerbations
of heart failure. Empagliflozin is a novel sodium
glucose cotransporter 2 (SGLT2) inhibitor which
has been shown to decrease both mortality and
hospitalisations in heart failure both in diabetics
and non-diabetics.”” In patients with obstructive
hypertrophic cardiomyopathy with symptoms despite
maximal therapy, mavacamten significantly decreased
the number of patients meeting guideline criteria for
septal reduction therapy after 16 weeks.®! Progression
of heart failure despite optimal drug therapies has
led to the development of device-based therapies for
the critically ill. A pioneer amongst these emerging
technologies is the splanchnic nerve block in the
treatment of acute heart failure which prevents the
acute shift of blood from the splanchnic reservoir to the
thoracic compartment, thus decreasing intracardiac
filling pressure and increasing cardiac output.”? The
cardiac pulmonary nerve stimulator (Cardionomic,
Inc) is an investigational catheter-based device
designed to stimulate the cardiac autonomic nerves
surrounding the right pulmonary artery electrically.
The system has the potential to improve both inotropy
and lusitropy, increase systemic perfusion and
enhance decongestion in heart failure with preserved
ejection fraction (EF) using a temporary percutaneous
device."”
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ARTIFICIAL INTELLIGENCE IN CARDIAC
ANAESTHESIOLOGY

Alisthe capability of computers or computer-controlled
machines to imitate human behaviour. Most Al
functions are based on two subfields: machine
learning and deep learning. Machine learning is the
process through which computers utilise algorithms
to learn from data and perform tasks without explicit
programming. Deep learning is a subset of machine
learning, but there are a lot more layers of algorithms
and multi-layered artificial neural networks to process
data. Data derived from the Al is very useful for the
cardiac anaesthesiologist for diagnostic augmentation,
preoperative  counselling,  optimisation, event
prediction (hypoxia and hypotension), resource
allocation, developing an anaesthesia plan and
personalised perioperative interventions.!*!

Al plays a major role particularly in the real-time
analysis of imaging studies like echocardiography.
Perioperative  echocardiography  including 3D
imaging and TEE has now supplanted the once-gold
standard “pulmonary artery catheters” for monitoring
perioperative cardiac function. Automation of strain
measurements, valvular assessment, EF, cardiac
output assessment, chamber quantification, and
other AI applications related to imaging could help
anaesthesiologists obtain data more quickly, efficiently
and precisely with a lower risk of human errors.
Al-assisted diagnostic augmentation creates more
time for anaesthesiologists to focus on the therapeutic
strategies and diagnostic conundrums in perioperative
emergencies.

Computer-assisted needle navigation vascular access,
regional blocks, event (hypoxia or hypotension)
prediction, and clinical decision support systems have
a potential role in the management of complex cardiac
surgeries.

Cardiac surgery is one of the high-risk factors
for accidental awareness under general
anaesthesia (AAGA). Limited cardiac reserve,
emergency surgery, high-dose opioid technique and use
of cardiopulmonary bypass (CPB) have been attributed
to the increased incidence of AAGA. Balanced
anaesthesia techniques and autonomous closed-loop
systems using bispectral index (BIS)-guided hypnosis
may reduce the incidence of AAGA. Goal-directed
perfusion management techniques have been shown
to improve organ preservation during CPB.["l Recent
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studies have shown that perfusionists may benefit
from Al-derived perfusion management algorithms
that integrate with various metabolic parameters,
including haemoglobin content, oxygen levels,
haemodynamic variables, near-infrared spectroscopy
and BIS values.™®

Big data analytics and Al will be crucial in the future of
cardiac surgery for prognostic communication, tailored
treatment options and research. Numerous studies
have demonstrated the superiority of AI mortality
prediction models over more conventional methods
like logistic regression analysis and anaesthesiologists’
prediction.["*?%! Chang Junior et al.'® evaluated the
ability of various Al predictive models on the large data
pools for predicting individual patient mortality after
congenital heart surgery. They suggested the random
forest model for predicting individual mortality after
cardiac surgery. Wang et al."”! developed a machine
learning algorithm that can reliably predict the need
for red blood cell transfusions during cardiac surgery.
The predictive capabilities of these AI algorithms
can assist anaesthesiologists in accurately assessing
haemorrhagic risk and transfusion requirements for a
planned cardiac intervention. Other significant uses
of Al in cardiac surgery include reviewing team or
individual performance, anticipating operating time,
continuous cardiac output monitoring, analysis of
heart rate variability, delaying sternal closure during
congenital cardiac surgeries, predicting weaning from
mechanical ventilation, delirium occurrence, etc.

There are several issues to consider before relying
on Al for interpretation. AI interpretation related
to rare clinical circumstances, like intraoperative
awareness, is not reliable. In these scenarios, big data
approaches could be leveraged to overcome issues of
data scarcity.!"®!

Even with a perfect Al algorithm, interpretation will be
subpar if the input data is of poor quality. As there is a
scope for errors, clinicians must always be vigilant to
identify machine-made faults. Despite its drawbacks,
Al applications must be widely incorporated into

routine perioperative management to improve
personalised patient care and outcomes.

ADVANCES IN IMAGING

Periprocedural imaging 1is a vital procedural

adjunct and is integral to the success of surgery
or intervention. The main role would be to assess
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procedural suitability, for procedural guidance,
confirm success, and to exclude procedure-related
complications. Echocardiography has evolved from
M-mode imaging to two-dimensional (2DE) imaging,
TEE and three-dimensional echocardiography (3DE).

Suboptimal image quality in 2DE occurs in
approximately 20% of all patients and leads to
misdiagnosis. Adaptive contrast enhancement
software strengthens image pixels from real structures
while suppressing noise or artefacts to produce
high-contrast, high-resolution images.!”

Despite being available for years, 3DE is only used
in routine clinical settings for volumetric chamber
analysis and 3D evaluation of valvular pathology.
Automated endocardial border detection software
drastically cuts the time needed for 3D quantitative
analysis (148 seconds to 17 seconds, an 82% reduction
in analysis time), and it also produces more accurate
data with higher reproducibility.*?!

Al provides support to novice echocardiographers by
helpingthemin the interpretation of images, automation
of cardiac measurements and comparing their images
with prestored data thereby guiding them to obtain
high-quality cardiac images.*”! Acoustic radiation force
impulse imaging, shear wave elasticity imaging and
supersonic shear imaging are elastography techniques
using cardiac ultrasound to measure myocardial
stiffness which is an important component in the
pathophysiology of diastolic dysfunction and in heart
failure with preserved ejection fraction (HFpEF).[?!

Epicardial echocardiogram is used intraoperatively
to assess residual surgical defects due to
the non-availability —of suitable probes for
neonates and infants. A miniaturised microTEE
probe (5.6 mm 32-element phased array transducer)
is presently available for perioperative use for
neonates.®”! Intracardiac echo (ICE) intravascular
ultrasound transducer, an 8-Fr, 2.5-mm, 64-element
crystal array is also available for use. The ICE probe
must be advanced into the right atrium using an
extra venous femoral approach (8 or 10 F), and
cardiac images from inside the heart are imaged. Both
microTEE in adults and ICE are usually done under
local anaesthesia, thus avoiding intubation and the
associated possible risk of oesophageal trauma. It
also reduces the procedural timing and thereby the
fluoroscopy exposure. The main disadvantage of ICE
is the cost of the single-use catheter.*
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Intraoperative TEE offers the best solution for imaging,
at least in the structural heart arena, and should be the
standard of care to improve procedural success and
outcomes. Just as sophisticated cardiac imaging that is
available today would have been unthinkable a decade
back, future advancements are anticipated to build on
current capabilities to provide greater insight into the
human heart.

MINIMALLY INVASIVE CARDIAC SURGERIES AND
ANAESTHESIA

MICS is quickly gaining acceptance because of possible
advantages and higher patient satisfaction. These pose
lots of challenges and require meticulous planning,
preoperative assessment and efficient intraoperative
communication because they involve interdisciplinary
teamwork. MICS are cardiac surgeries through
several small thoracic or sternal incisions or through
percutaneous approaches.!?

TYPES OF MICS
Cardiac surgery on beating heart

Transcatheter approaches: Transcatheter aortic valve
insertion (TAVI), etc.

Minimally  invasive  direct

bypass (MIDCAB)

coronary  artery

Cardiac surgery via Port access with video assistance
and percutaneous CPB

Total endoscopic coronary artery bypass (TECAB)
Robotic-assisted cardiac surgery (RACS)

Minimally invasive thoracic approaches to mitral and
aortic valves and atrium!?+?%

Anaesthetic approaches

The technique depends on the nature of the surgery,
surgical approach, incision site and perfusion
techniques with the aims like haemodynamic stability,
organ protection, etc.

Preoperative care

Preoperative clinical evaluation, haematological and
radiological investigations of the heart and vessels
for any anatomical abnormalities and for vascular
access are mandatory along with echocardiography.
Prolonged lung isolation requires pulmonary function
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and blood gases in selected cases. Patients with resting
arterial partial pressure of carbon dioxide (PaCO,)
>50 mm Hg and arterial partial pressure of
oxygen (PaO,) <65 mm Hg are unlikely to tolerate
MICS. Risk factors like peripheral vascular disease,
chronic obstructive pulmonary disease, irradiation of
the chest, oesophageal disease and musculoskeletal
abnormality, etc. should be identified. All patients
need to be counselled for all perioperative events and
the possibility of full sternotomy (2-15%).1%¢!

Intraoperative care

TEE is mandatory along with standard monitoring to
confirm the diagnosis, in the placement of various
cannula, de-airing and confirmation of repair.
External defibrillator pads are essential as internal
paddles cannot be used. The patient position has to
be confirmed preoperatively, pressure points need to
be adequately padded, and intravenous lines have
to be secured depending on the surgical site and
cannulation technique. It has to be kept in mind
that meticulous planning and communication is
necessary as access to the patient is limited due to
MICS instrumentation.? If intrathoracic insufflation
is planned for surgical access, pressures have to be
limited to below 10 mm Hg to avoid decrease in venous
return and cardiac output. End-tidal carbon dioxide,
peak and plateau airway pressure monitoring is a must
to avoid hypoxia, hypercarbia and barotrauma.?

Postoperative care

Care is similar to conventional cardiac surgery, with
an emphasis on early recovery. A key component of
ERACS is pain control. As part of multimodal analgesia,
ultrasound-guided local anaesthesia has been found
to decrease opioid usage, length of hospital stay and
patient discomfort.?”!

Procedures in the catheterisation laboratory

Endovascular procedures like valve replacements
(aortic, mitral, pulmonary, tricuspid), device
placements for congenital heart problems,
left atrial occlusion in case of clots, complex
percutaneous interventions, devices for rhythm
management (implantable cardioverter-defibrillators,
permanent pacemaker implantations, etc.) and heart
failure are done, and this area is expanding including
hybrid labs with entire operation theatre setups for
complex procedures. Anaesthesiologists’ concerns
while selecting an anaesthesia plan include remote
location anaesthesia, radiation exposure, adequate
sedation, immobilisation and faster recovery.
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Arrhythmias and hypotension are common and need
to be tackled. MICS is a rapidly growing field having
very promising outcomes and gives us an opportunity
to acquire new skills.

SUMMARY

Rapid advances in interventional cardiology and
poor outcomes associated with cardiac surgeries
have reduced the number of open-heart surgeries
performed. However, incorporating cutting-edge
technological developments into surgical approaches
and perioperative care, using Al in decision-making
and conducting research to bridge knowledge gaps and
compassionate attitudes will improve perioperative
outcomes and restore the glory of this speciality.
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ABSTRACT

The practice of neuroanaesthesia has expanded significantly in recent years to keep up with
various challenges posed in the perioperative care of patients for neurosurgical, interventional,
neuroradiological, and diagnostic procedures. Technological advancements in neuroscience
include the intraoperative use of computed tomography scans and angiograms for vascular
neurosurgery, magnetic resonance imaging, neuronavigation, expansion of minimally invasive
neurosurgery, neuroendoscopy, stereotaxy, radiosurgery, the performance of increasingly complex
procedures, advancements in neurocritical care, etc. Recent advancements in neuroanaesthesia
that can meet these challenges include the resurgence of ketamine, opioid-free anaesthesia,
total intravenous anaesthesia, techniques to facilitate intraoperative neuromonitoring, awake
neurosurgical and spine surgeries, etc. The current review provides an update on the recent
advancements in neuroanaesthesia and neurocritical care.

Key words: adenosine, critical care, dexmedetomidine, intravenous anaesthesia, ketamine,
neuronavigation, neurosciences

INTRODUCTION

A) NEWER ADVANCEMENTS IN
NEUROANAESTHESIA

Significant technical advancements in diagnostic and
interventional neurosciences have occurred in the
last decade. Neuroanaesthesia and neurocritical care
specialities have tried to incorporate these emerging
advancements to facilitate patient management and
to improve outcomes. We searched the literature on
Google Scholar, Embase, MEDLINE, and PubMed
using a word search pertaining to the recent practices
in neuroanaesthesia and neurocritical care across the
common neurological and neurosurgical indications
for sedation, anaesthesia, and critical care services.
Based on this research, we reviewed the recent
advancements that have witnessed translation into
clinical practice in neuroanaesthesia and neurocritical
care.

The resurgence of ketamine in neuroanaesthesia

The use of ketamine is on an increasing trend due
to better understanding of its effect in improving
cerebral perfusion pressure and reducing intracranial
pressure (ICP)."? The role of ketamine during
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thrombolytic therapy in acute ischaemic stroke is under
evaluation for its utility in amelioration of cerebral
infarction at a dose of 0.15 mg/kg intravenous (IV)
bolus (maximum 15 mg) followed by an IV infusion of
0.15 mg/kg over 60 minutes (maximum 15 mg).!*

Studies are exploring the utility of ketamine in
patients with aneurysmal subarachnoid haemorrhage
in sub-anaesthetic doses. Ketamine has been proposed
to act as a neuroprotectant through analgesic,
anti-inflammatory, sympathomimetic, anti-seizure,
and sedative actions, thereby reducing cerebral
ischaemia.! The role of ketamine in preventing
delayed cerebral ischaemia through the suppression
of cortical spreading depolarisations is also under
evaluation.P

The anti-seizure property of this N-methyl-D-aspartate
(NMDA) receptor antagonist qualifies its use in the
management of super-refractory status epilepticus
in adult® and paediatric patients at a dose of
1-3 mg/kg/h." Patients with treatment-resistant
depression have benefitted from rescue therapy with
sub-anaesthetic doses of ketamine and its use is
promising in electroconvulsive therapy.®! Evaluation
of the safety and efficacy of the use of ketamine for
sedation, induction, and anaesthetic maintenance
shows promising results post-traumatic brain injury.

Dexmedetomidine as a sole analgesic for opioid-free
anaesthesia

“Opioid-free” anaesthesia is a recent concept that is
beingexplored inneurosurgical procedures toovercome
opioid-induced side effects. Dexmedetomidine, an
alpha-2 agonist, is a well-established agent for
cooperative sedation in areas in neurosurgery and
neuroradiology where periprocedural neurological
testing is needed. It is further gaining importance
as an effective adjunct and opioid alternative, with
postoperative pain rescue analgesic requirements
similar to the routine opioid regimen. The current
opioid-based neuroanaesthesia regimens will give
way to non-opioid-based perioperative management
in neurosurgical patients in the future.!”!

Transient flow arrest for neurovascular procedures

Transient cardiac and cerebral flow arrest attenuates
cerebral perfusion pressure across the aneurysm to
facilitate clip ligation in complex aneurysms where
temporary clips are difficult to apply." The negative
chronotropic and dromotropic effects of adenosine help
induce profound systemic hypotension, the duration
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of which should be carefully coordinated with the
surgeon to facilitate optimal circumferential exposure
and aneurysm clipping. Preoperative planning with
availability of transcutaneous ventricular pacing,
exclusion of contraindications to adenosine, and
adequate preparedness to manage complications
have led to safe implementation of adenosine
use."! Adenosine has also been tried during difficult
resections, sudden major vascular injury, and during
endovascular embolisation of complex arteriovenous
malformations to facilitate a brief bloodless
field.l*? Rapid ventricular pacing is another technique
employed in some centres where the pacing wire
inserted through the central venous access facilitates
clipping of complex aneurysms and has been proven
safe and efficient.®! A gradual step-up of the heart rate
to 150-200 beats per minute (bpm) is titrated to reduce
the mean arterial blood pressure (MAP) to around
50 mmHg to facilitate clipping.

Management of awake craniotomies

Awake craniotomy is increasingly being employed
as a standard of care for the surgical management
of lesions close to the eloquent areas of the
brain due to improved preoperative radiological
delineation, intraoperative lesion mapping, and use of
intraoperative magnetic resonance imaging (iMRI). The
current awake-asleep-awake technique and monitored
anaesthesia care (MAC) techniques are further refined
to enhance patient comfort during surgery. An awake
yet pain-free sedated yet arousable and cooperative
patient who is haemodynamically stable is the goal
of every anaesthesiologist involved in these cases.!'*]
For optimum sedation during different phases of the
surgical procedure, short-acting anaesthetic drugs
with titration using bispectral index monitoring is
used. Either continuous or target-controlled infusion
(TCI) of propofol at the rate of either 2-3 mg/kg/h or
TCI target effect-site concentration (Ce) of 1-2 pug/mL
has a better titratable profile during the more noxious
phases of surgery before reaching the tumour.
Intravenous dexmedetomidine (at a bolus of
0.5-1ug/kgover 10 minutesfollowed by 0.2-0.7 ug/kg/h)
has been shown to have an opioid-sparing effect,
preventing intraoperative haemodynamic surges,
nausea, vomiting, and hypercarbia common to
these surgeries. It provides arousable sedation by
preserving the patient’s spontaneous breathing at
the prescribed doses. Short-acting opioids, namely,
fentanyl (0.5-1 ug/kg boluses) and remifentanil
(0.05-0.1 pg/kg/min, C = 1-3 ng/mL if TCI protocol),
are supplemented for analgesia and anxiolysis.[*! The
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evolving use of high-flow nasal oxygenation during
awake craniotomies serves as a bridge to tide over the
need for definitive airway access, especially in patients
with obstructive sleep apnoea. The non-invasive
continuous monitoring of the oxygen reserve index
further guides the early detection of hypoxia in these
patients.l®

Management of awake spine surgeries

Awake spinal surgeries including endoscopic
procedures have become the “go-to” option for patients
and neurosurgeons due to enhanced recovery.'”! This
is currently employed for laminectomies with or
without microdiscectomies, foraminotomies, anterior
cervical discectomy and fusions, lumbar fusions, and
dorsal column stimulator placements.®

Role of regional anaesthesia in neurosurgery

The scope of regional anaesthesia extends beyond
scalp block for awake craniotomies. This includes
infraorbital nerve block for transsphenoidal resection
of a suprasellar tumour, cervical plexus block for
carotid endarterectomy, trigeminal nerve block for the
management of trigeminal neuralgia, and transversus
abdominis plane block for ventriculoperitoneal shunt
surgeries. Use of regional anaesthesia using neuraxial
blockade in the subarachnoid, epidural, and combined
subarachnoid epidural planes is increasingly preferred
over general anaesthesia (GA) for lumbar microsurgical
procedures.'"” Likewise, ultrasound-guided cervical
plexus blocks (superficial, intermediate, and deep)
for anterior cervical discectomy and fusions,
brachial plexus blocks for carotid endarterectomy,
erector spinae, and paravertebral blocks for
cervical/thoracic/lumbar surgeries and iliac crest bone
graft harvest are increasingly being used to circumvent
the morbidity associated with GA. Additionally,
non-GA scenarios permit live neurofeedback that aids
the surgeons in gauging their proximity to critical
neural structures, reducing the risk of neuronal injury.

Anaesthesia for functional neurosurgery

Functional neurosurgeries through deep brain
stimulation (DBS) were initially used for the
management of Parkinsonism. Their application
has now expanded to include movement disorders
(essential tremor, dystonia, myoclonus, chorea,
torticollis, spasticity), chronic pain (trigeminal
neuralgia, cluster headaches, cancer pain, chronic
pain syndromes), psychiatric disorders (chronic
depression and obsessive-compulsive disorders),
multiple sclerosis, and refractory seizures."!
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Microelectrode recording (MER), used to locate various
brain nuclei, are affected by anaesthetic agents. Agents
such as benzodiazepines, barbiturates, volatile agents,
propofol, thiopentone, and etomidate interfere with
MER through potentiation of the inhibitory actions of
gamma-aminobutyric acid within the basal ganglia.
Dexmedetomidine is demonstrated as a reliable
anaesthetic adjunct to maintain anaesthesia during
MER.?Y Though these procedures are usually done
under MAC, studies comparing GA with MAC have
shown that both are effective, with good surgical
outcomes.

Anaesthetic management of procedures requiring
neuronavigation

Neuronavigation allows precise tumour localisation
and employs stereotaxis as a means of non-invasive
precise localisation of the target tissue relative to
known surface reference points. This can be either
frame-based or frameless. The ability to perform
real-time intraoperative guidance during brain and
spinal surgeries increases the accuracy and safety of
neurosurgery.?” Immediate preoperative mapping
of the tumour coordinates should remain unaffected
by significant anaesthetic interventions, namely,
administration of hyperosmotic agents and diuretics,
alteration of head position, hyperventilation, and
alteration of physiological parameters that affect
brain shift, especially until the surgeon gains tumour
access.¥

Anaesthesia for intraoperative magnetic resonance
imaging

Similar to neuronavigation, iMRI accurately identifies
the lesion, helps in planning, and facilitates resection
with accuracy. However, iMRI poses significant
anaesthetic challenges. The anaesthesiologist must
understand the unique needs of the procedures,
which include recognition of the different MRI
safety zones, meticulous screening, and exclusion of
metallic components that can threaten personnel and
patient safety. An MRI setup can either be a regular
operating theatre (OT) equipped with a portable
magnetic resonance imaging (MRI) scanner/dedicated
MRI theatre/MRI scanner located remote to the OT/
MRI scanner installed adjacent to the standard
OT.?4 A recent advancement includes hybrid OT or
interventional MRI for combined neurosurgical and
radiological interventions.” An updated practice
advisory on anaesthetic care for MRI by the American
Society of Anesthesiologists has emphasised screening
for and eliminating removable metallic devices
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such as pacemakers, neurostimulators, cochlear
implants, aneurysm clips, or vascular stents, etc., that
could cause serious injury within a magnetic field.
In-depth knowledge about magnetic resonance (MR)-
safe, MR-conditional, and MR-unsafe equipment
guides the safe use of necessary medical devices at
appropriate points of patient care. MRI-compatible
anaesthesia machines should be used. All other
appliances should be placed outside the 5 Gauss line
to avoid radiofrequency interference or artefacts.?¢!
Direct access to airway and intravenous line sites is
limited. Ventilatory and vascular connections should
be secured appropriately. Direct patient observation
may be compromised by acoustic noise, darkened
environment, and obstructed line of sight. Protective
hearing equipment should be used during MRI
scanning to protect against high-level acoustic noise.
It is imperative to avoid flexometallic endotracheal
tubes (ETTs) for intubation. The pilot balloon of the
ETT should be taped away from the head to mitigate
the risk of artefacts. Monitoring cables, wires, and
intravenous catheter tubing should not be coiled
or placed in direct contact with the patient’s skin to
avoid the risk of burn injuries. The use of fibreoptic
and wireless technology is preferred to avoid the
interaction of electronic monitors with MRI images.

Enhanced recovery after neurosurgery

The recent concept of enhanced recovery after
surgery (ERAS) has its applicability demonstrated in
neurosurgery in both cranial and spine surgeries.*”? A
paradigm shift towards “day care surgery” is upcoming
in the neurosurgical speciality. Preoperative patient
counselling, minimisation of preoperative fasting
duration,  pre-emptive  analgesia,  opioid-free,
opioid-sparing, and multi-modal analgesia, minimally
invasive access, targeted intraoperative fluid
management, early removal of catheters and drains,
early postoperative enteral feed resumption, and early
ambulation are critical aspects of this concept.’*®

Expanding the scope of non-operating room
anaesthesia in the neurosciences

Non—operating room anaesthesia for neurodiagnostic
and neuro-interventional procedures is now being
extended to procedures like stereotactic biopsies,
Gamma Knife, focused ultrasound, stereotactic laser
hippocampectomy for medically refractory epilepsy, etc.

Focused ultrasound (FUS) is a newly developed,
focused, non-invasive, targeted lesion-based
treatment of intracranial abnormalities. This entails
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target localisation through a series of low-power
sonications focussed on the target lesion to increase
the target temperature to 40°C-45°C, which is
detected by real-time MR thermal imagery. Following
target confirmation, final sonications raise the target
temperature to 55°C-63°C, creating the desired tumour
tissue ablation.%

Medically refractory Parkinson’s disease and essential
tremors are the two United States Food and Drug
Administration (US FDA)-approved indications for
FUS. Anaesthetic management for FUS varies across
maintaining an awake state for cortical mapping
or conscious sedation and general anaesthesia for
indicated cases. Airway access is a specific concern
in these patients due to the head frame applied to
conduct this intervention.®%

B) NEWER ADVANCEMENTS IN NEUROCRITICAL
CARE

Management of stroke patients presenting for
mechanical thrombectomy
The current accepted safe therapeutic window
of intervention within six hours for mechanical
thrombectomy in patients with acute ischaemic stroke
due to large vessel occlusion may be extendable even
up to 24 hours, based on the findings related to the
patient outcome in the DAWN (Diffusion-Weighted
Imaging or Computerized Tomography Perfusion
Assessment with Clinical Mismatch in the Triage of
Wake Up and Late Presenting Strokes Undergoing
Neurointervention with Trevo) trial®¥ The trial showed
similar patient outcomes in the extended therapeutic
window of upto 24 hours which has led to prospects
of further research in this area.*"

The SIESTA (Sedation Vs Intubation for Endovascular
Stroke TreAtment),*? GOLIATH (General or Local
Anesthesia in Intra Arterial Therapy),** and
ANSTROKE (Anesthesia During Stroke)P* trials
demonstrated no difference between conscious
sedation and GA in patients undergoing thrombectomy
for large anterior circulation occlusions. The findings
of these trials have redirected focus on modifiable
factors such as periprocedural blood pressure
management during the management of these patients.
These studies have highlighted that periprocedural
hypotension with a reduction in MAP by >40%
from baseline was an independent predictor for poor
neurological outcome.*!
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Management of traumatic brain injury

The clinical practice guidelines for managing patients
with traumatic brain injury (TBI) are under periodic/
constant upgradation based on the evolving evidence
of the effectiveness of each therapeutic intervention.
Accordingly, the Brain Trauma Foundation guidelines
have proposed vital modifications in the thresholds
for intervention and management of said injury. The
ICP threshold for instituting corrective manoeuvres
has been revised from 20 mmHg to 22 mmHg.?® A
recent Cochrane review provides evidence for the
non-inferiority of hypertonic saline (HTS) for reducing
elevated ICP. The paediatric TBI guidelines have
reiterated the role of HTS for osmotherapy. They
recommend administration of 3% HTS as a bolus
of 2-5 mL/kg over 10-20 minutes for acute use and
a continuous infusion of 3% HTS at doses of 0.1-
1.0 mL/kg/h. For refractory ICP, a bolus of 23.4% HTS
at 0.5 mL/kg with a maximum of 30 mL has been
recommended.?”!

Advanced neuromonitoring

Multimodal monitoring (MMM) encompasses
goal-directed management of cerebral and haemo
dynamic thresholds individualised for each
patient and continuously tailored to suit the
physiological perturbations during different phases
of brain injury. Concurrent monitoring of the cerebral
electrophysiology, haemodynamic status, oxygenation,
and metabolism using multiple modalities provides
more valuable insight into the true interpretation of the
patient’s underlying condition and guides restorative
therapies. The inclusion of brain tissue oxygen
monitoring, pressure reactivity index and cerebral
microdialysis are crucial components of MMM. ]

The newer technique of telemetric ICP monitoring
beyond the approved implantation phase of 90 days
allows for patient monitoring during normal daily
activities for the evaluation and treatment of
complicated ICP disorders.’®! The utility of surface
acoustic wave ICP sensors capable of wireless and
passive information transmission are being explored in
patients with hydrocephalus, hypertension, and TBL.“"!

SUMMARY

Neuroanaesthesia techniques have evolved to meet
the challenges of neurosurgery successfully. Methods
such as the use of ketamine in neurosurgical patients,
which were earlier considered to be harmful, are now
being incorporated into perioperative management
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strategies. More emphasis is now laid on intraoperative
neuromonitoring for both brain structures in the form
of intraoperative computed tomography and iMRI.
Anaesthesia for functional neurosurgery, procedures
requiring neuronavigation, and regional anaesthesia
for neurosurgery are other areas that are evolving.
The role of the neuroanaesthesiologist has expanded
outside the operating room in situations like acute
stroke management and other neurocritical areas and
is expected to grow further in the coming years.
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ABSTRACT

Understanding the basic concepts and the dynamics of the equation of motion will help the
anaesthesiologist and the intensive care physician in gaining an insight into the basics of modern
mechanical ventilation. An equation of the type V, =V x (1-e™) is often encountered while studying
the concepts of mechanical ventilation. This leaves one wondering about the meaning of ‘e’. It is
explained as the base of a natural logarithm, and the base e as an irrational constant approximately
equal to 2. 7182. In medical literature, various physiological mechanisms are explained by using
the exponential function e. However, the explanations do not sufficiently help the learner to
demystify the enigmatic term e. In this article, an effort is made to explain this function with the
help of simple analogies and relevant mathematical concepts. The process of volume build-up in

[=] T[]

tidal volume

the lungs during mechanical ventilation is used as a model for the explanations.

Key words: Airway resistance, mechanical ventilators, mechanics, motion, respiratory system,

INTRODUCTION

Many processes such as induction and depth of
anaesthesia, change in blood concentration of the
injected drug, its pharmacokinetics, the uptake and
distribution of inhalational anaesthetics, the science
of low flow anaesthesia, the pressure, the flow rate and
the volume changes in the lung during mechanical
ventilation, etc. are of interest to the anaesthesiologist.
The rate of change in the magnitude of the concerned
variable is either linear or exponential in nature. Many
anaesthesiologists struggle to understand the enigma
of the exponential function e. e is the most important
number in mathematics named after the famous
mathematician Leonhard Euler. Understanding the
exponential process and the exponential function e
will help the student of anaesthesiology to gain a
firm foothold in the foundation of the science of
anaesthesiology. There are several articles on this basic
subject. But it is felt that these have not addressed this
problem in a way that brings both its mathematical

and logical dimensions together coherently into focus.
This article is an endeavour to put across the idea of
this function in lucid terms with the help of simple
analogies and relevant mathematical concepts in the
context of basic modes of mechanical ventilation. The
equation of motion is made use of as an underlying
principle of mechanical ventilation and is extensively
quoted to aid the explanations.*! Nevertheless, it is
important first to understand the simple anatomy and
working of a recent generation mechanical ventilator
[Figure 1].1+7
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Figure 1: Schematic diagram of the mechanical ventilator. Oxygen and air enter the ventilator at a regulated pressure of 20 psi. The mixing
of the gases takes place in the mixer tank regulated by the two flow control valves. The third flow control valve controls the flow and shapes
the ventilator’s output pressure, volume and flow waveforms. The microprocessor in electronic control system digitally controls the flow valves.
Pressure, flow sensors and oxygen sensors provide input to the control unit for closed-loop control of ventilation

THE EQUATION OF MOTION

There is a need to understand the mechanism of gas
flow into the airway and the respiratory tract through
an endotracheal tube during assisted mechanical
ventilation. The ventilator applies a constant pressure
(P ) with varying flow into the airway or generates
a constant flow rate (F) with varying pressure to
deliver tidal volume into the lungs.® [Figure 1]. The
pressure created by the muscular effort of the patient
P _ . during assisted breathing also contributes to the
total pressure generated in the airway. The pressure
generated is called trans-respiratory system pressure
or P, also referred to as airway opening pressure. In
the absence of muscular effort

P = Pressure at airway opening — pressure at the

a

body surface.

During assisted breathing, the P_, along with P_ ,
causes air flow into the lungs. Two factors influence
this process. One is the pressure to overcome elastic
force (P,) due to elastic recoil of the lung and chest
wall. The following equation shows the relationship
between the compliance of the respiratory system
(C), the volume entering the alveoli at time t during

inspiration (V) and P. C = A and, P, = % (1)

el

Another factor which influences the flow rate (F)
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through the airway is the resistance (R) offered by
the airways. Additional pressure (P) is required to
overcome the airway resistance. P, R and F are related
by the hydraulic Ohm’s law. P = F X R (2)
The total pressure thus applied to the airway has an

elastic component

Vit .
< and a resistive component
(R X F).

P +P =(e p
C

pel

)+ F X R (ie, P).

(3)

Hence,

This is the equation of motion.®

Ventilator pressure applied to the airway + muscle
pressure

Volume delivered at time t .
= + resistance x flow rate

compliance

The equation of motion is a model for breathing
mechanics. It helps in understanding how ventilators
function and how the variables, pressure, volume,
flow, resistance and compliance relate to each other

. . s . 1
during mechanical ventilation.'*'?! Since c -

respiratory system elastance (E). P, +P_ =

S

L+R><F=Vl><E+R><F (4)
C

Ventilator pressure + muscle pressure = volume X

elastance + resistance Xflow

Indian Journal of Anaesthesia | Volume 67 | Issue 1 | January 2023

Page no. 101



Dhulkhed, et al.: A novel way to understand the basic modes of ventilation

During mechanical ventilation, when the patient is
given muscle relaxant, P = 0. The equation 3 reduces

0P, =Y RxF,P =P, +P_ (5)
C aw e res

P = elastic pressure component + resistive pressure
component when P = 0.
mus

If positive end expiratory pressure (PEEP) is
applied, it should be added to the right side of

the equation. P (applied

aw

=%+RXF+PEEP

PEEP). If intrinsic PEEP develops, it adds to
the applied PEEP and increases the P . For the
measurement of increased total PEEP (applied
PEEP + intrinsic PEEP), expiratory hold manoeuvre
is used. During this manoeuvre, there is no
volume delivery and there is no flow. V. = 0, F= 0

P :%+RXF+total PEEP:%+Rx0+total PEEP

aw

= total PEEP. The resulting airway pressure during
this manoeuvre will be equal to total PEEP. If it is
more than the applied PEEP, the excess pressure
is the intrinsic PEEP (PEEP). Recent generation
ventilators use software and artificial neural network
and automatically display the intrinsic PEEP.

THE TIME CONSTANT

One often comes across a term called time constant,
symbolised by the Greek letter, T (tau) in respiratory
mechanics which needs to be understood.[****'7 The
equation for the time constant can be derived as follows.

It can be assumed that the ventilator is generating
a constant flow during inspiration and that t is the
inspiratory time.

Tidal volume delivered into the lungs =
flow rate F X t (6)

\%
From equation 5, P, = Et+RXF . By algebraic

V.
manipulation P, =E‘+R><F, =C((P,P)=>Cx

AP=RXCXF (7)
C x AP = Volume delivered into the lungs (= tidal

volume, TV) = R X C X F. Since R and C are constants
and as F here is also a constant, AP is a constant.

From equations 6 and 7, TV =F Xt = R X C X E
~ t = R X C. This implies that the time (t) taken to
deliver the tidal volume when the flow rate is constant
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= R X C. This is the time constant. Hence, time
constant T = resistance R X compliance C

From equation 7, TV=(C X AP) =R X C X F =1 X E
TV

T
F

Hence, another way of calculating time constant is by
the equation Tidal volume
Flow rate

The present generation ventilators have in-built

software for the calculation of t using this approach. If

10cm H,O

the airway resistance R = and compliance

S
50ml(0.05L)

of the respiratory system C = . The time
cmH,0O
10 H,O 0.05L
constant T = R x C = —% 22y =0.5 s
L c¢cmH,0

s
It means that a time of 0.5 s is required to complete

the process of delivering a tidal volume of 0.5 L if the
ventilator generates a constant flow of 1 L/s

BASIC MODES OF MECHANICAL VENTILATION

Volume-controlled ventilation (VCV)

Inspiratory phase

During VCV, the ventilator delivers a constant flow
rate F to drive the gas into the alveoli.*!62% To
understand the mechanism underlying this mode, one
needs to study the changes that take place in P, P,
V,and V_(volume remaining to be delivered at time t)
at successive small-time intervals during inspiration.
From equation 5

P = (P_-P)) or pressure difference (AP) = R X I

res aw

Since R is a constant and flow rate should be a constant
in VCV, AP must be maintained constant.

(P.—P ) = AP = resistance X flow = a constant  (8)

aw el

At the beginning of ventilation, since the lungs
are yet to get filled up P, = 0 Hence, at the start
P -0=P =RXF

a

As the lung fills up, P, increases. The difference
(P~ P) or AP tends to decrease which in turn tends
to decrease flow rate. This decrement is sensed by the
pressure sensor or flow sensor in the feedback loop of

the ventilator and is fed to the microprocessor. The
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microprocessor should keep either the flowrate constant
by adjusting the flow valve or by adding additional
increment to P, to keep the pressure difference (P,
- P) constant [Figure 1]. The increase in P,  is equal
to the increase in P and both increase in parallel and
uniformly as seen in inspiratory phase [Figure 2]. At the
end of inspiratory phase, the airway pressure P equals
(P, + P_) (or AP= resistance X flow). This process can
be studied with the help of the hypothetical example
mentioned earlier. In the hypothetical example, the
tidal volume V = 0.5 ml, time constant t = 0.5 s.
C = 0.05 L/emH,0 P_= 10 cmH,O. The inspiratory
time, 0.5 s (1), can be divided into 10 small and equal
intervals of dt = 0.05 s. The mechanics of ventilation
in these intervals t, t , t,, t,... t.... t, (where i= 0, 1, 2,
3, , 10) can be studied as explained below. If the
flow rate were constant in each interval of 0.05s the
volume delivered should be 0.05L.

When the ventilation commences in the first interval,
1L

the volume delivered is dVt = F X dt = 5 X 0.05s

= 0.05L. This increase in volume of 0.05L in the lungs
during the interval can have three effects.

1) Fall in pressure difference (P, - P ): due

to rise in elastic pressure of 1cmH,0

dvt 0.05

Pp=—=—+

C 0.05

(P~ P, tends to fall to 9 cmH,O (10 - 1)
(refer to equation 5.)
2) Fall in flow rate: By equation 5, (P~ P ) = P

:1jinside the lungs. Hence,

res

P
=R X F hence F = =

R
25 — =
Inspiration Expiration s
20
Q
:iE 15 10cmH,0
(5]
] «@=EP rise =@=Paw
=
210
e
o
5
0
0 0.5 1 1.5 2 25
Time in seconds

Figure 2: Inspiratory and expiratory phase of the VCV. The pressure
changes during inspiratory phase (t =one time constant = 0.5s),
P increases linearly to 10 cm H,O, and P, increases linearly to
20 cmH,0O. Note that the increase in the two pressures is parallel.
The expiratory phase waveform is derived with the help of true
exponential equation. P_: elastic pressure. P, (expiration) = 10 cm
H,O (1-e™)

24

Flow tends to decrease to =

P, 9 _ 0.9L
R 10cmH,0 s
L
S

3) Fall in volume delivery: The present generation
ventilator calculates the volume change by
integrating flow and time at any time instant dt.
As mentioned previously, there is a fall in the
flow rate due to which the volume delivered in
the next interval dVt tends to decrease to dVt =

F x dt = 0.9L
S

x0.05 s=0.045L

Either the pressure or the flow or the volume sensor, in
the feedback loop of the ventilator, senses this change
and the central processor unit sends the signal to flow
valve to reset the flow rate at a constant value of 1 L/s.
This results in equal delivery of dVt = 0.05 L in each
successive interval and increase in airway pressure
by 1 cm H,O in each successive interval. In VCV the
process of delivery of tidal volume is linear. The flow
rate is constant. Hence, the entire TV = F X time (0.5s)

TV  0.5L
u><0.5 s =0.5L is delivered in ——=—7—=0.5 s,
5 FooiL
s
[Table 1].

P, increases parallel to P, from 0 to 10 cm H,O.
Simultaneously, P increases linearly from the initial
value of 10 cm H,O to the peak value of 20 cm H,O.
The constant flow creates constant pressure difference
(P~ P) or vice versa. Hence, VCV is characterised
by constant flow rate with linear increase in volume
delivery to the lungs, linear increase in P and P with
maintenance of constant difference between the latter
two. This difference (P, ~ P ) is the resistive pressure

component P_in the equation of motion [Figure 2].

Pressure-controlled ventilation (PCV)

Inspiratory phase

Here, the ventilator generates constant pressure and
the gases flow into the respiratory system. P is
constant.[®11:12]

By equation 8, (P - P) = AP = R X F
P,-P F Pressure difference,AP F
R ’ R

The flow is caused by the pressure difference (AP)
between the applied constant pressure (P, ) and the
combined alveolar and chest wall elastic pressure
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Table 1: Inspiratory time of 0.5 s is divided into 10-time intervals of 0.05s pressure and volume changes at successive

time intervals of 0.05s during inspiratory phase of VCV

Small time Time points Flow rate Volume in Cumulative Volume (L) Increments Cumulative Airway
interval in in seconds (F) L/ litres (L) Volume (L) remaining in (Pel) in  rise in elastic pressure
seconds (dt) during minute delivered  delivered at (Vr) cm H,0 pressure (Paw) cm
inspiration (ti) dvt time t (Vt) (Pel) cm H.O H,0
0 0.05 0 1 0 0 0.5 0 0 10
1 0.05 0.05 1 0.05 0.05 0.45 1 1 1
2 0.05 0.1 1 0.05 0.10 0.4 1 2 12
3 0.05 0.15 1 0.05 0.15 0.35 1 3 13
4 0.05 0.2 1 0.05 0.20 0.3 1 4 14
5 0.05 0.25 1 0.05 0.25 0.25 1 5 15
The process continues up to 10t time interval
10 0.05 0.5 1 0.05 0.5 0.00 1 10 20
V g . . 1
(Pel = —tJ created by the volume building up in the = (V-V) =V =F, X 1,since = = -K,
C F =(KxV) 4 (10)

alveoli. At the start, the AP is equal to P, since P is
zero. As the alveoli start filling up, P increases.

Since PaW remains constant, the net pressure

AP = (PawR—_Pel) =F, decreases.

As the AP decreases, the flow rate and volume delivery
decrease (since R is a constant) in contrast to what
happens in VCV where the ventilator maintains
constant flow rate. Hence, the tidal volume delivery
decreases progressively as the lungs distend and will
not be completed in one time constant.

The volume that remains to be delivered after one time
constant and the number of time constants that are
needed for the process of tidal volume delivery to be
almost complete can be estimated as explained below.
This will make the concepts clear.

Flow rate changes in PCV: A formula for the flow rate
F, at any time t during inspiratory phase of the PCV
can be derived as follows.

P = V. +R xF . (The equation 5 is to be recalled here)

By algebraic manipulation

CxP -V)=(V,-V)=F XRXC=F X1
(Since CX P =V ) (9)

Here, V, is the tidal volume determined by the set
P _and C. V, is the volume delivered up to any time
t, during the inspiratory phase and R x C = time
constant t.

~ (V,~ V) = volume remaining to be delivered (V) at
time t = F, X 1; by equation 9
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Rate constant K is the reciprocal of time constant. It
should be of negative sign as the flow rate progressively
decreases.

Hence, flow rate F, = - Rate constant X tidal volume
remaining to be delivered at time t.

In PCV, V, continuously decreases during inspiratory
phase due to decreasing flow rate (the equation 9 is to
be referred to here) resulting from decreasing pressure
difference. This is an exponentially decreasing process.
This process can be understood by studying how
the variables, flow, pressure and volume change at
successive time points during one time constant of the
inspiratory phase in the hypothetical scenario mentioned
earlier when the patient is ventilated with PCV. The time
constant 1 can be divided into tiny intervals of dt, and the
changes during each successive interval can be studied.
Although the flow rate decreases in successive intervals,
it can be assumed that it is uniform throughout an
individual small-time interval dt. It can be considered
that the flow rate in a small interval dt is F,.

During a small interval dt, the volume delivered
is Ft xdt = dVt. Flow rate in a small-time interval

dvt
dt =F, =—— 11
LT (11)
Combining equations 10 and 11
ave =F, =-Kx Volume to be delivered at that
dt (12)

instant (V,)

Thus, the flow rate at any instant in PCV is directly
proportional to the volume V remaining at that instant
and is equal to minus K times the volume remaining

95

Page no. 104



Dhulkhed, et al.: A novel way to understand the basic modes of ventilation

to be delivered at that instant. This process can be
studied with the help of a hypothetical example to
make these concepts clear.

A patient is getting ventilated through an endotracheal
tube during PCV. The constant pressure P that
the ventilator is generating is set at 10 cm H,O.
The parameters of respiratory mechanics are;

10 cm H20 _ 50 ml(0.05 L)
R =—1  Compliance C=—————*
L cm H20

s
Tidal volume set to be delivered at the startis V.= P_
X C = 10X 0.05= 0.5 L. Here, the time constant t =

1
CxR=005x10=05sand K=~ =2
T

By equation 12, during any small interval of time,
F, =K x V_ =2 X V_(for flow rate calculation, the
negative sign can be ignored). In VCV, the process
of delivery of tidal volume is linear. The flow rate is
constant. Hence, the entire TV = F X time (0.5s) =
E><0.5 s =0.5L is delivered in v _03L_ 0.5 s

s F 1L

s

However, in PCV, the flow rate as explained
continuously decreases. The process of delivering the
tidal volume will not be complete in one time constant.
This is an exponentially decreasing process. The
question to be answered in this example is how much
of the targeted tidal volume 0.5L (V) is delivered in
one-time constant t = 0.5s during inspiration.

Studying the process in short time intervals:

[Figure 3 and Tables 2, 3]

The inspiratory time equal to one time constant 0.5s
is partitioned into small equal time intervals at time
points t. Each successive small-time interval dt is
designated as t, t, t, .... where i = 0, 1, 2.... The
decrement in flow rate during each successive time
interval can be now studied to understand the process,
with the assumption that the flow rate is held uniform
during the span of an individual time interval dt.

Intervals of 0.25 s: [Figure 3] [Table 3] By
dividing the T = 0.5 s into 2 intervals of dt = 0.25 s,
one can investigate what happens in each of these
intervals.

At interval 0-0.25 s: Here at the start, the entire tidal
volume V remains to be delivered. Hence V = V. The

L
calculated F, =K xV, =2x0.5=1—(from equation 12)
s

26

0.5

(1) —= Interval of 0.25 s

0.4 (2) —=Interval of 0.05 s

(3) - Interval of 0.005 s

Volume (L)
[=]
w

| }0.183 3)
e Qe 770174 (2)
125 (1
70.125(1)
0.1
0
0 01 02 03 04 05 06

Time(s)

Figure 3: Volume remaining to be delivered at successive time points
up to one-time constant during inspiration. For the purpose of getting
insight into the process, the volume remaining to be delivered is
determined by successively reducing the time interval. The data points
were obtained with the help of Microsoft® Excel® 2019

The volume delivered V, during this interval

is = 0.25 s i X =0. 25L. Hence, at the end of this

s
interval, V. = 0.5 - 0.25 =0.25 L.

At interval 0.25 — 0.5 s: V_ at the beginning of this
interval is 0.25L. The flow rate changes to K X

V, =2X0.25=

. Hence, the calculated volume
sec

0.5 L
sec

delivered in this interval = x0.25 s =0.125 L.

Cumulative volume delivered at the end of 0.5s
equals ( 0.25+0.125) = 0.375 L Hence, the volume
remaining to be delivered at the end of one-time
constant t (0.5s) equals (0.5L - 0.375 L)= 0.125 L.
The percentage volume remaining to be delivered

0.125
=25%

at the end of one-time constant t is

(the volume delivered is 75%).

Intervals of 0.05 s [Figures 3 and 4] [Tables 2 and 3]
The time interval T = 0.5 is further divided into 10

tiny intervals, dt = % = 0.05 s each, and the process

is studied in each of these intervals.
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Table 2: Flow rate, volume and pressure changes at successive intervals of time 0.05s during inspiratory phase of

PCV (inspiratory time of 0.5 s is divided into 10-time intervals of 0.05s). Units of measurements are same as in table 1

dt t, F Cumulative volume Volume remaining Cumulative pressure Pressure difference
delivered at time t, V, to be delivered, V. build-up, P__ AP=(P_-P)
0 0.050 0.000 1.000 0.000 0.500 0.000 10.000
1 0.050 0.050 1.000 0.050 0.450 1.000 9.000
2 0.050 0.100 0.900 0.095 0.405 1.900 8.100
3 0.050 0.150 0.810 0.136 0.365 2.710 7.290
4 0.050 0.200 0.729 0.172 0.328 3.439 6.561
5 0.050 0.250 0.656 0.205 0.295 4.095 5.905
6 0.050 0.300 0.590 0.234 0.266 4.686 5.314
7 0.050 0.350 0.531 0.261 0.239 5.217 4.783
8 0.050 0.400 0.478 0.285 0.215 5.695 4.305
9 0.050 0.450 0.430 0.306 0.194 6.126 3.874

dt: small time interval in seconds; Ti:Time points in seconds during inspiration; F: Flow rate

Table 3: Exponential process study with division of 1 into progressively shorter intervals

Division into Intervals Volume in litres delivered (V) at

Volume in litres remaining (V) at

Approximate value of e

(seconds) the end of one 7 (% V, i.e.,, 0.5L) the end of one 1 (% V, i.e,, 0.5L) (Reciprocal of % of Vr)
2 of 0.25s 0.375 (75%) 0.125 (25%)=0.5x4" 4
10 of 0.05s 0.326 (65%) 0.174L (34.8%)=0.5x2.874" 2.874
100 of 0.005s 0.317 (63.4%) 0.183 L (36.6%)=0.5%x2.732" 2.732
1000 of 0.0005s 0.316 (63.2%) 0.184L (36.8%)=0.5%2.720" 2.720
If the process is studied at progressively smaller intervals, it regresses to true value of e
Infinitely small interval 0.3161 (63.2%) 0.1839 L (36.788%)=0.5x2.87182" 2.7182

Mathematical derivation

True value of e up to 4 decibels

0600 |[nspiration Expiration
o'soo - f\o"n -
0.400
'
= 0300 A
L] Qo
E 0.200 L'
=
o
0.100
» 0.021

0.000
o 0.5 1 15 2 25 3 35 4 45

Time (s)

Figure 4: Volume remaining to be delivered at the end of one, two
and three-time constants during inspiratory phase of PCV when the
exponential process of volume delivery is studied by dividing the time
constant 0.5 s into 10-time intervals of 0.05s

At time 0:In the beginning, the entire tidal volume V|
remains to be delivered. Hence V = V. The flow rate
in this interval can be calculated as follows.

TheﬂowrateFt=K><VT=K><V0=2><O.5=1E
S

(from equation 12)

During the 1% interval 0-0.05 s: The flow rate is
assumed constant during the interval. During this

L
interval, the volume delivered V, = F, X dt = 1 N X

0.05 s = 0.05L. Volume remaining to be delivered at
the end of this interval V_, = (0.5L - 0.05L) = 0.45 L.
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V, = (0.5L - 0.05 L) = (V,- V) can be written as a
general formula by substituting these terms. V = 0.5L,
T

V,=0.05L =F x dt = KxV xdt, dt = —
10

V,=V,- K x V, x dt = V|

Tl

1
Vo(l—Kxﬁjzvﬂ(l—Ej= sinceKxt=1

(1- Kxdt)

2" interval 0.05-0.10 s: Since the volume remaining to
be delivered at the start of this interval (V) is 0.45L
the flow rate F, changes to = K X V=2 X 0.45 =
09 L
s
V=F xdt(orKx V_ xdt)=09 X 0.05 = 0.045 L.
Volume remaining to be delivered at the end of this
interval, V, = (V_ - V) = (0.45 - 0.045) = 0.405. This
calculation can be transformed into a general formula
as follows.By substituting the value of V. = (K X V
X dt)

. Hence, the volume delivered in the interval

T
VI‘Z = [Vrl - Vt] =Vr1 - (Vrl XKX dt] = Vrl (1 _K XE) =
1
v, (1 - Ej since KX t =1. By substituting the values of
vV, = VO( —% j which is derived in the previous interval

2
T R R PR AN RN AT
10 10 10 10
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The end point this time interval or the elapsed time
pointis, t, = 0.10 s = 2X0.05. The power value 2 of this
equation canbedepictedasend-pointoft,,i.e., 2 small dt

. 0.10 2x0.05 2x0.05
intervals of 0.05s; 2 = = =
0.05 0.5/10 0.5

2x dt t,
X 10 = X 10 = N X 10 = K X t, X 10, as
T

1
~Z =K
T

Substituting this power value, the volume remaining
at the end of 2" time interval can be formulated as

1 2 1 Kxt,x10
V, =V, [1 __j =V, (1 __j If the values of
10 10

V,= 0.5, K=2, t,=0.10 are plugged into the equation,
V,, is directly calculated, V, = 0.405L which is the
same as estimated earlier. When the time constant t
is divided into 10 small intervals, to find the volume
remaining at the end of any time interval t, the equation

1 Kxtx10
can be generalised as V, =V, (l _Ej (13)

3"interval 0.10-0.15s: Volumeremainingattheend of 3¢
time interval (0.15s) can be obtained from the equation

Kxtyx10 2x0.15x10 3
1 : 1 1
V,|1-— =V,[1-— =0.5)1-—| =
10 10 10

0.3645L

The process continues for the subsequent intervals.
For the subsequent time intervals, the value of V. can
be derived in a similar way and the equation will have
power values of 4,5 etc. up to the last time interval 10.
If the value of set tidal volume V, is plugged in, the
volume remaining to be delivered at the end of each
of these intervals can be calculated by applying the
equation 13 [Table 2 column 6].

Moving towards approximate general exponential
formula for V,

The volume remaining to be delivered at the end of
one-time constant 1, 0.5s or ten intervals of 0.05s,
equals 0.174L (calculated by equation 13). In terms of
percentage of the tidal volume (V ), V = 0.174L = 35%

174
of 0.5L=V X 35% = V X 2.868" (since =0.35
or3s% = 1+ —_1 _ 2.8687")

1 2.868
0.35

Hence (at the end of one-time constant 1) V. = 0.5
%x2.868*. This is approximate general equation. The
value 2.868 can be designated as, e

approx.

98

Therefore, in this approximate general exponential
equation, if t = 1, is the elapsed inspiratory time which
is 0.05X10 =0.5s, the power term 1, in this equation

can be transformed as, 1= 2 X 0.5 =Kxt :i At any

time-point t, the power term is scaled in namber of

time constants E =Kxt.
T

In general, the equation, V = V x 2.868" transforms
— - Kxt

to=V X (e appmx') (14)
This equation gives the value of V at any instant of
time during inspiration while studying the process by
division of t into 10 intervals of 0.05s. The equation
can be verified by substituting the value of t at the end
of 3" time interval, t =3 x 0.05 = 0.15s, V.= 0.5%
(2.868) 200> = 0.3645 L. This is the same value that
was obtained in the third step mentioned earlier.

The time constant t can be divided progressively into
shorter intervals (dt), and the process can be studied
by following similar steps to derive the equation with

higher accuracy for the values ofe and V.

When the time constant t (0.5s) is partitioned into 100
divisions of dt = 0.05s, the derived equation will be
V =V, x2.732 % with approximate e value of 2.732
[Table 3].

At the end of two-time constants, using the above
equation, the volume that remains to be delivered is
estimated as 0.5L.X2.7322=0.067 L which is 13.4% of
target tidal volume 0.5L.

At the end of three-time constants, in the present
case, the volume that remains to be delivered is
0.5Lx2.732% =0.025 L which is 5% of the target tidal
volume. The volume that is delivered is 95% [Figure 4].

Getting nearer to the true value of e: The approximate
exponential function ‘e’ regresses further towards
the true e value if the time interval t = © = 0.5 s is
further divided into even smaller intervals (dt)
numbering 1000, dt = % = 0.0005s. The general

equation 13 in this scenario can be rewritten as Vr =
V,(1-Kxdt)*"® Tt is seen here that the volume
which remains to be delivered the end of timet = 7 =

1000
0.5s = V,(1-Kxdt"™ :0.5[1—@) = 0.184L.

With this value of V, remaining at the end of one time
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constant, the approximate e in the equation 14,V
(eappmx]'KXt is calculated (as explained earlier) as 2.732.
here this value has regressed further to the true value
of e. It can be logically understood that as the time
interval dt is reduced to an infinitely small interval,
the value of ‘approximate e’ attains the true value of
the mathematically derived number e which is 2.7182,
which is explained mathematically later [Table 3].
This is the logical way of getting an insight into the
exponential function e. The implication is that the
estimation of volume changes during inspiration in
PCV will be more accurate if the process is studied in
smaller and smaller intervals with the term e in

approx

the equation approaching towards the true value.
VOLUME BUILD-UP IN THE LUNGS

From equation 14, the volume that remains to be
delivered at time t can be calculated. V.=V (e )Xt

approx

The volume that is building up or volume that is being
delivered at time t V,= (target tidal volume - volume
that remains to be delivered at time t)

V=V,-V, (e

]-K><t = VO (1'8 -KXt) [15)

approx approx

This is an approximate general formula derived for
calculation of volume build-up in the example using
2.732ase, [Table 2]. At the end of one time constant,
the volume delivered is 0.317 L. The percentage of
tidal volume (0.5L) delivered is 63.4%. At the end of
two-time constants, the volume delivered is 0.433L or
87% of the tidal volumeV . After three-time constants,
0.475L is delivered which amounts to 95% of the tidal
volume.

In a nutshell, in PCV the pressure applied by the
ventilator to the airway (P, ) is maintained constant,
but the net pressure driving the tidal volume,
AP = (P_- P exponentially decreases which in
turn causes exponentially decreasing or decelerating
flow waveform. The flow control valve of the recent
generation ventilator controlled by the microprocessor
creates a decelerating flow rate which reciprocally
generates constant pressure in PCV mode. The
volume build-up is also an exponential process
[Figures 3 and 4].

THE MATHEMATICS WAY!23:23]

The formula (equation 13) that was earlier derived is
to be considered.
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KX kxtx10 1
Vr=V01——T , Since K= 7, K X 1t =1,
10 4

kxtx10
v, =V, 1-—=
10

This is the general formula for the process to find the
volume remaining at any time interval t, when the
time constant t is divided into 10 small intervals.

If the time interval t is divided into n parts, the general

Kxtxn
formula will be V, =V, (1 1 j (16)
n

This is a binomial series. By increasing the value
of n towards infinity, the time interval dt becomes
infinitely small and the limit of this function will be
(https://www.limitcalculator.online/).

n—»co n

Kxtxn
V, x lim [1 ——j =V,xe ™ Here, e is the true
exponential term. (17)

The value of e is calculated by the expansion of
the following series with reference to binomial

2
X X 3

e =1+—+—+—+

RIS When the

expansion.!¥

power termx =1, e =1 +l+l+l+ . =2.7182

1! 2! 3!
Hence, at the end of one time constant = 0.5s, the
volume that remains to be delivered V. =0.5 X e?*** =
0.5 X e?'=10.18394 L. As one can see, the value 0.183 L
that was obtained in our logical explanation closely
approximates this value.

General formula for the volume build- up in the lungs
during PCV®!

From equation 17, the volume remaining at any time t,
Vr = V, X e* Hence, the general formula for volume
delivered into the lungs is

V =V,-V, =V, -Vei=V, (1-e* (18)

If the values are plugged into the variables in the
equation, the volume delivered into the lungs can be
easily calculated.

After one-time constant t (1 X RC), 63% of the volume
is delivered; after two-time constants (2 X RC), 86.5%
of the volume is delivered; after three-time constants
(3 X RC), 95% of the volume is delivered; after
four-time constants (4 X RC), 98% of the volume is
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delivered; and after five-time constants (5 X RC), 99%
of the volume is delivered.

It is generally agreed that, if the volume delivery is
to be adequate, inspiratory time t, should be at least
three inspiratory time constants long, while expiratory
time t, should also be at least three expiratory time
constants long for proper exhalation.™® For instance, if
the estimated expiratory RxC is 0.5 second, t, should
be at least 1.5 seconds.

EXPIRATORY PHASE

VCV: The ventilator stops the inspiratory airflow at
the end of inspiratory phase. The equation of motion
(equation 5) needs to be looked at once again.

P :%+R><F,Paw =P, +RxF

aw

P = Elastic pressure component + Resistive pressure
component.

When the flow rate F comes to zero at the end of
inspiratory phase, only the pressure that has been
developed in the lungs P during inspiratory phase
remains. P, = 10cm [Figure 2]. This pressure is
the driving pressure for the expiratory flow. As the
lung empties, the flow rate and the driving pressure
exponentially decrease. Hence, the expiratory
phase follows a passive exponential process!™
[Figures 2 and 4].

PCV: At the end of the inspiratory phase, the ventilator
stops delivering pressure to the airway. The pressure
that has developed is equal to 10 cm in the lungs at
the end of inspiratory phase [Figure 4]. This is the
driving pressure that determines the expiratory flow.
In PCV, as in VCV, the expiratory flow rate, reduction
in driving pressure and emptying of the lungs are
exponential processes.

Application of the equation of motion in estimating the
parameters of respiratory mechanics

With reference to equation 5, Paw = % +R xF+PEEP .

In any given breath, the respiratory system parameters,
compliance (C) and resistance, are assumed to be
constant. V and F are independent variables, and
P~ is the dependent variable. If the variables are

redesignated as %: B, R=p,, Paw =y, V =x,F =x,
and PEEP = B, the equation can be rewritten as follows.

100

y =B, + B, X x, + B, X x,. This is a multiple regression
model in statistics. With the help of a suitable software
incorporated in the ventilator, serial sample values for
the variables (P, , V, and F) obtained during any given
breath can be utilised to solve this multiple regression
model equation by the least squares fitting technique

1
to get the values of constants, E:B1 R = B, and

PEEP = the B intercept, which is the total PEEP of the
respiratory system. If the externally applied PEEP is
subtracted from this value of total PEEP, the estimated
value of intrinsic PEEP is obtained.*42"!

The procedural tool for this estimation is incorporated
as software in some of the recent generation mechanical
ventilators to monitor respiratory mechanics. During
pressure support ventilation, the forces created by the
ventilator as well as the inspiratory muscles (P, ) work

synergistically to produce inspiratory flow and lung
expansion. In this scenario, the form of the equation

of motion will be P +P .= %+ F xR+total PEEP,

and the measurement of P_ or the patient muscular
effort is practically not possible. P is negative in
sign. This patient effort can be minimised (for the
purpose of measurement of respiratory mechanics)
by adding sufficient positive pressure support
resulting in derecruitment of inspiratory muscles. As
P . is minimised, this equation becomes equivalent
to equation 5, and the errors in measurement of
respiratory mechanics during pressure support

ventilation are minimised.?%
SUMMARY

This article will help the anaesthesiologists in
understanding the exponential process, the function
e, as well as the equation of motion and to have sound
knowledge in the basics of mechanical ventilation and
the science of anaesthesiology in general.

There is a need to redefine the basic modes of
mechanical ventilation. In VCV mode, the solenoid flow
valve controlled by the microprocessor in the modern
ventilator generates constant flow rate. Consequently,
the increase in lung volume is also linear. In contrast,
in PCV, the flow control valve creates decelerating flow
rate which in turn produces constant P_. The volume
build-up in the lungs is also an exponential process.

The microprocessor of modern mechanical ventilator
in the closed-loop system shuttles between these two
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basic modes VCV or PCV, to create set pattern of flow
waveforms of the advanced modes of ventilation.
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ABSTRACT

Medical colleges are now developing or refurbishing their anaesthesia intensive care units. In most
teaching colleges, the residency post includes working in the critical care unit (CCU). Critical care
is a rapidly evolving and popular super-speciality for postgraduate students. In some hospitals,
anaesthesiologists play a key role in the management of the CCU. As perioperative physicians,
all anaesthesiologists should be aware of the recent advancements in diagnostic and monitoring
gadgets and investigations in critical care so that they may manage perioperative events effectively.
Haemodynamic monitoring gives us warning signs about the change in the internal milieu of
the patient. Point-of-care ultrasonography helps in rapid differential diagnosis. Point-of-care
diagnostics give us instant bed-side information on the condition of a patient. Biomarkers help in
confirming diagnosis, in monitoring, treatment, and providing prognosis. Molecular diagnostics
guide anaesthesiologists in providing specific treatment to a causative agent. This article touches
upon all of these management strategies in critical care and attempts to put forth the recent
advancements in this speciality.

Key words: Biomarkers, Doppler ultrasonography, molecular sequence annotation, perfusion
imaging, point-of-care testing

INTRODUCTION

safety advantage. Anaesthesiologists are actively
involved in perioperative and critical care and often

Patients requiring critical care therapy continue to
increase significantly across healthcare institutions.
Newer strategies continue to evolve rapidly, leveraging
existing and upcoming technology. The existing and
upcoming generation of anaesthesiologists and critical
care specialists are under continuous stress to acquire
these newer skills in diagnosing and managing their
patients. This article aims to familiarise our young
colleagues with this evolving technology and its
novel practices. Recent advancements related to some
common topics that have a significant bearing on the
practice of critical care are discussed in this article.

ULTRASONOGRAPHY: SEEING IS BELIEVING - A
REVOLUTION IN CRITICAL CARE

Ultrasonography has become an essential point-of-care
armamentarium with an easy learning curve and patient

use point-of-care ultrasonography (POCUS)." Today,
the ultrasound has evolved from a mere diagnostic
tool to it being used in advanced therapeutics and
predicting outcomes.

While a physical examination of the chest can
provide information on probable lung pathology,
ultrasonography, has shown better accuracy in
detecting pathologies.” Therefore, it has gained value
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as a clinical evaluation tool, like a stethoscope for the
heart and lungs, with added visual advantages.

Lung wultrasound can assess patient-ventilator
asynchrony when used along with airway pressure
tracing. Time to peak inspiratory amplitude of
the diaphragm during tidal volume breathing has
shown good performance in predicting weaning
success.’! Furthermore, loss of reaeration during
spontaneous breathing trial has been associated
with post-extubation respiratory distress, indicating
that the lung ultrasound can predict post-extubation
respiratory failure.™

A study incorporating systematic complete
venous compression sonography for the lower
extremity to detect deep vein thrombosis and
pulmonary embolism (PE) found no significant
difference compared to when no screening was
conducted.’! However, a study has shown that adding
ultrasonography to the Wells score increases the
diagnostic accuracy of probable PE and decreases
the need for other investigations.[! Furthermore, a
comprehensive Doppler ultrasound protocol from the
ankle to the thigh over the compression-only test is a
better technique for potential benefit.”

A pilot study incorporated cardiac ultrasonography
during the resuscitation of septic patients. The authors
found that their decision on fluid management and
imaging was changed in 27% of cases after using
ultrasonography.® In a recent randomised trial
conducted on septic shock patients, the researchers
found that the benefits of doing cardiopulmonary
ultrasonography within one hour of admission to
decide the haemodynamic management were higher
fluid balance and shorter duration of vasopressor
support.””!

The role of optic nerve sheath diameter (ONSD)
for measuring intracranial pressure (ICP) has
remained in the grey zone, especially between 5
and 6 mm. As evidenced by optic disc elevation
when added to increased ONSD, papilloedema in
ocular ultrasonography has shown better accuracy in
diagnosing raised ICP.

A positive lung ultrasound finding indicating
pneumonia and a procalcitonin level of =0.25 ng/mL
have shown good accuracy for diagnosing ventilator-
associated pneumonia (VAP).'? Patients recovering
from VAP show improved lung reaeration and
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lung scores. Furthermore, a study evaluating lung
ultrasound and scoring for reaeration has shown a good
correlation with procalcitonin level and antibiotic
discontinuation."V Therefore, lung ultrasound use in
patients with VAP for diagnosis and resolution appears
justifiable.

Nevertheless, POCUS is increasingly used with the
potential benefit of short term prognostication.!*
However, when POCUS was used in cardiac arrest
patients, chest-compressions had to be paused, which
could make resuscitation less effective. Hence, POCUS
in this scenario has variable impact./*

NEWER MONITORING TOOLS: APPLICATION IN
FUNCTIONAL HAEMODYNAMIC MONITORING

Functional haemodynamic monitoring (FHM) is the
assessment of dynamic interactions of haemodynamic
variables in response to a defined preload perturbation.
Commonly, FHM includes assessment of orthostatic
vital signs, where the gravitational effects on heart rate
and blood pressure (BP) are assessed before and after
a patient stands. In the case of the operating room and
the intensive care unit (ICU), preload variables can be
reduced cyclically by mechanical ventilation, which
in turn changes the stroke volume, pulse pressure
and peak velocity variation. Frank-Starling curve, a
surrogate of stroke volume, is the measured output
during FHM. '

Transpulmonary thermodilution technique measures,
apart from cardiac output, newer haemodynamic
measurements, which include stroke volume
variance, pulse pressure variance, global end-diastolic
volume, extravascular lung water, pulmonary vascular
permeability index, and cardiac function index.!”

Oesophageal Doppler ultrasound is a non-invasive
technique that uses the Doppler principle to assess the
preload in response to either passive legraising (PLR) or
end-expiratory occlusion test or peak systolic velocity
variation during controlled mechanical ventilation.!%!

In wearable carotid and jugular Doppler technique, the
ultrasound patch is applied over the common carotid
artery at an insonation angle of 60°. Stroke volume
changes induced by squatting, PLR, and simulated
occlusion manoeuvres are precisely measured in
healthy subjects. Novel metrics like Doppler shock
index and Doppler resistance index have greater
diagnostic accuracy compared to traditional vital
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signs.['”18 Similarly, jugular patch quantitatively tracks
right atrial pressure. A wearable ultrasound patch aids
in measuring arterial and venous indices by real-time
illustration of Frank-Starling mechanism.!?

Photoplethysmography is used for peripheral perfusion
index monitoring. It derives microcirculatory tissue
perfusion variable which reflects the systemic
haemodynamic variables like stroke volume,
cardiac output, and mean arterial pressures. These
variables can be altered by tilting the table, through
phenylephrine administration, or through lung
recruitment manoeuvres to investigate the changes in
the peripheral perfusion which in turn aids to detect
the fluid responsiveness.?"

Capnotracking and capnodynamics provide a
continuous cardiac output measurement using an
invasive indwelling transit time ultrasonic flow
probe based on fluctuations in alveolar ventilation
by automated change in rate and inspired-to-expired
ratio on a continuous cyclic basis. These varied
fluctuations in alveolar carbon dioxide (CO,) are
analysed using  high-precision, fast-response,
mainstream capnography, which gives breath-to-breath
measurement of effective  pulmonary  blood
flow (EPBF). In the absence of pulmonary shunting,
EPBF is equal to systemic cardiac output.?!! Arterial
applanation tonometry is based on the principle
that a transducer strapped to an artery with a bone
underneath can obtain the arterial pulse wave.*

In the volume clamp method, the BP is measured at
the finger with an inflatable cuff combined with a
photodiode. The diameter of the artery in the finger
is measured by the photodiode, and the pressure in
the cuff is adjusted to keep the diameter of the artery
constant. From the pressure changes in the cuff, a BP
curve can be calculated and transferred to correspond
to brachial artery BP*

Artificial intelligence will be the future of
haemodynamic monitoring, with algorithm-based
monitors that will predict haemodynamic issues to
combat and treat patients even before occurrence of
the actual event (e.g. hypotension prediction index).

POINT-OF-CARE DIAGNOSTICS IN CRITICAL CARE:
FROM BENCH TO BEDSIDE

A multidisciplinary approach to critically ill patients
has become an essential part of every modern

104

healthcare system, ensuring improved care and
decreased mortality. There has been a tremendous
improvement in quality with continuous monitoring
and other point-of-care (POC) diagnostic modalities
which proved to be a boon, especially during the
coronavirus disease 2019 (COVID-19) pandemic.*!

POC is defined as anything that is not done in the
central laboratory but performed in the ICU. It is a
medical diagnostic procedure that is performed near or
at the bedside and leads to an immediate modification
of the ongoing therapy, outcome improvement,
and a reduction of morbidity and mortality.?¥ This
technology offers rapidity of diagnosis with consequent
reduction of treatment delay, length of hospital stays,
morbidity and mortality, and reduced sampling blood
loss.?!

Arterial blood gas analysis gives an idea about
the acid base status, oxygen and carbon dioxide
levels, electrolytes, lactates, base-excess, anion
gap, etc. Surviving Sepsis Campaign (SSC) 2021
recommended lactate-guided resuscitation.?®
Lactate levels are also vital in goal-directed therapy
and early resuscitation of the critically ill.*"! Lactate
concentration (in mmol/L) of less than 2.5 is normal,
between 2.5 and 4.9 is mildly elevated, 5-7 is
moderately elevated, and more than 7 is severely
elevated. Co-oximetry measures haemoglobin
content and the percentage of oxygenated and
deoxygenated haemoglobin, carboxyhaemoglobin,
and methaemoglobin. The total arterial oxygen
content and arteriovenous oxygen difference can
also be calculated. It also detects carbon monoxide
intoxication, and the pulse oximeter overestimates
the oxygen saturation.”® Viscoelastic methods
like rotational thromboelastometry (ROTEM),
thromboelastography (TEG), ClotPro, Sonoclot etc.
can detect life-threatening coagulopathy with
hypofibrinogenaemia, coagulation initiation
irregularities, clot formation and firmness, impaired
fibrinolytic activity, and platelet level, with the first
results available within 5-10 minutes. Ready-to-use
cartridges make it easy to use and save time.

Newer assays like ecarin clotting assay and Russell
viper venom assay that are available for the ClotPro®
device can even discriminate between direct activated
factor X (FXa) and thrombin inhibitors.?*% They
can also detect hypercoagulability and impaired
fibrinolysis.*#2
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Other POC tests include prothrombin time, activated
clotting time, platelet function analyser, closure time
(detection of von Willebrand disease and severe platelet
function defects), whole blood aggregometry, Multiplate,
and the VerifyNow system (detection of platelet
dysfunction due to antiplatelet drugs).**! For COVID-19,
alternatives to reverse transcriptase polymerase
chain reaction (RT-PCR) in the acute setting are POC
immunoassays and nucleic acid assays. Numerous
antigen test kits are available that provide results in 10—
30 minutes with a sensitivity of 88%—-94% [Figure 1].5

Clinical chemistry includes the GEM Premier Chem
STAT system. It is a whole-blood analyser designed for
rapid basic metabolic panel. It offers the estimation of
serum creatinine, blood urea nitrogen, and measured total
carbon dioxide content (TCO,), as well as measurement
of lactate, haematocrit, potential of hydrogen (pH), partial
pressure of carbon dioxide (pCO,) sodium, potassium,
ionised calcium, chloride, and glucose.®!

The use of POC devices in critically ill patients is
strongly recommended, which can be of enormous
help in the hands of experienced intensivists.
While POC diagnostics may not necessarily replace
centralised diagnostics, it is becoming an important
and indispensable modality for improving care and
outcomes in the critically ill.

NEW AND EVOLVING BIOMARKERS IN DIAGNOSIS
AND MONITORING THERAPY IN CRITICAL CARE

Biomarkers are tools to measure biological or
pathological processes. In critical care, they help
in early diagnosis, intervention, prognosis, and
monitoring [Figure 2, Tables 1-4].636-4]

The current biomarkers used in pulmonary diseases
are C-reactive protein (CRP), pro-calcitonin (PCT),
D-dimers, interleukin (IL)-8 and -10, lactate, and
B-type natriuretic peptide (BNP). Increased levels of
these markers indicate poor prognosis. On the other
hand, higher levels of urinary nitric oxide (NO) and
albumin indicate improved survival. The evolving
biomarkers are surfactant proteins and high mobility
group box 1 (HMGB1).

Cardiac  biomarkers like  myoglobin, lactate
dehydrogenase (LDH) 1, glutathione, homocysteine,
and aspartate aminotransferase have low specificity
to detect early acute myocardial infarction (AMI).
Evolving cardiac markers like saturated ammonium
sulphate (S100A) and choline may detect early AML
Lipids, cluster of differentiation (CD) 40 ligand, MPO,
and MMP9 are cardiac biomarkers in research.

Renal biomarkers are of value in acute kidney injury
(AKI). Neutrophil gelatinase-associated lipocalin
(NGAL) levels >150 ng/mL are associated with early
AKI. Pro-enkephalin increases faster than creatinine
in AKI. Serum cystatin C has been identified to
detect renal injury. Neurological biomarkers have
been identified as neurofilament light (NfL) and Tau
protein.*647l Nfl, >60 pg/L. indicates neuro-axonal
damage. L-lactate and citrulline are evolving
gastrointestinal biomarkers. Citrulline <20 mmol/L
predicts morbidity. Coagulation biomarkers such as
D-dimer and fibrin degradation products are routinely
utilised in clinical medicine.

Whereas some existing biomarkers have made rapid
and accurate diagnosis possible, there are several
biomarkers in the pipeline undergoing clinical trials

Centralised 1 4 —
vostory Res.Specinen
o o
Seama _
: -
min
POC Testing . :
IE A | "o Soecmen
min
Amplification Resp. Specimen m
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Figure 1: COVID-19 Point-of-care diagnostics (CRISPR: CAS-clustered regularly interspaced short palindromic repeats protein), RT PCR:Reverse
transcriptase polymerase chain reaction; RNA:Ribonucleic acid; PCR:Polymerase chain reaction;POC:Point of care; Resp:Respiratory; COVID

:Coronavirus disease
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Table 1: Routine Biomarkers of Sepsis*®!

Biomarkers Values Sensitivity  Specificity Guide to Treatment Prognosis

Procalcitonin (PCT) >0.5 ng/mL 4+ 3+ 3+ 2+ guides antibiotic
C-reactive Pprotein (CRP) highly sensitive (hs) >40 mg/L 4+ 2+ 2+ >127 mg/L fatal
Interleukin-6 >9.7 pg/mL 4+ 2+ -- 3+ predicts mortality
Lactate >2 mmol/L 2+ - -- >4 mmol/L 27% mortality

>90% = 4+, 70%-90% = 3+, 51%-69% = 2+, 35%-50% = 1+

Table 2: Evolving biomarkers of sepsis!“4244]

Biomarkers Usefulness Diagnostic Values
Cluster of High in bacterial 466.5 pg/mL >714
differentiation (CD14) infection mortality

soluble presepsin
nCD64 Fc
gamma receptor
Band cell percentage Severity

Albumin Prognosis
SIRS=Systemic inflammatory response syndrome

Differentiate between >2398 molecules/cell
sepsis and SIRS CD64 index >1.66
>7% mortality

<2.8 g/dL

Table 3: Additional and investigational biomarkers of

sepsis[40,42,43]
Other Biomarkers of Sepsis Increase Mortality

Cytokines and Endocans: Tumour necrosis 1
factor alpha (TNF-a), Interleukin (IL)-18, -8,

and -10

Soluble triggering receptor expressed on l
myeloid cell (STREM-1)

Lymphopenia !

Organ dysfunction
vascular collapse

Angiopoietin 1 and 2
Heparin-binding protein (HBP) azurocidin

Soluble form of receptor for advanced i

glycation end-products (RAGE)

Hepcidin, IL-27 1 neonates
Serum amyloid A protein (SAA) 1 neonates
Mid-regional pro-adrenomedullin il

Protein C !
Macrophage migration inhibitory factor (MIF) 1
Monocyte HLA-DR expression l

T regulatory cells (Tregs) CD-39, CD-4, il

CD-25

Programmed cell death receptor (PD-1, il

PD-L1)

Band T lymphocyte attenuator (BTLA),
cytotoxic T lymphocyte antigen (CTLA-4)
Mannan and anti-mannan antibodies
Interferon-gamma inducible protein (IP-10)

1 immunosuppression

1 fungal infection
1 viral infection

D-dimer 1
Prostaglandin (PG) PGI2, PGE2 1 viral infection
Complement protein C5a il

Pentraxin (PTX-3) T
Thrombomodulin DIC

Monocyte chemoattractant protein (MCP-1) 1
High mobility group box 1 (HMGB1) and 1
soluble form of urokinase type plasminogen
activator (suPAR)

DIC: Disseminated intravascular coagulation

and research. In the near future, some of them may aid
us in providing precision diagnosis and rapid targeted
therapy.
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Figure 2: Use of biomarkers

RAPID MOLECULAR DIAGNOSTICS AND
POLYMERASE CHAIN REACTION: TIME IS TISSUE

The use of molecular diagnostic techniques may
revolutionise the way we diagnose infectionsin the ICU.
PCR-based techniques are based on hybridisation and
amplification of the nucleic acids, deoxyribonucleic
acid, and ribonucleic acid, which are specific to the
infecting pathogen. The results are quicker with an
average turnaround time of 2-24 hours compared to
the gold standard culture which takes 3-5 days.[4%4%

PCR-based techniques are used in three broad areas:

1. Single pathogen identification: It involves the
identification of a single pathogen by PCR as
in cartridge-based nucleic acid amplification
test (CBNAAT) (Gene-Xpert®) for tuberculosis.
Flexibility with samples and rapid detection of
the bacilli with CBNAAT is an advantage over
the conventional culture. Real-time, RT-PCR for
coronavirus is another example.

2. Universal PCRs: A common universal primer
is used to anneal every species of that group.
It is commonly used in pan fungal/pan bacterial
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Table 4: Routine cardiac biomarkers'4

Biomarker Usefulness Values
Cardiac Troponin I ST segment elevation Starts rising
(Trop-1) myocardial infarction (STEMI) after 4 h
and non-ST segment Peak remains
elevation myocardial infarction tjj| 12 h

(NSTEMI)

Creatinine kinase =~ STEMI and NSTEMI 10-14 UL @

myocardial 4 h

band (CK-MB) Specificity 85%,
sensitivity 35%

B-type natriuretic  Heart failure Normal <300

peptide (BNP) mg%

N-terminal (NT)-pro >900 mg%

BNP diagnostic

tests where a set of causative pathogens like
fungi, bacteria, or viruses can be identified from
a single test.

Multiplex PCR is the most used technique where
more than one target sequence can be amplified in a
single tube, resulting in simultaneous identification of
as many types of organisms as required. “Syndromic
panel” is the term commonly used for such rapid,
multiplexed amplification and detection of organisms.
Such panels exist for gastrointestinal, central nervous
system, and respiratory tract infections.® The most
used syndromic panel in the ICU is the sepsis panel
where up to 40 microorganisms including the most
common gram-positive and gram-negative bacteria
and fungi can be identified from a single sample. It is
usually clubbed to detect the presence of antimicrobial
resistance genes. The commonly identified genes
are TEM-1, TEM-2, SHV-1, CMY-2, docosahexaenoic
acid (DHA) for  beta-lactamases, Klebsiella
pneumoniae carbapenemase (KPC) for carbapenem-
resistant Klebsiella, mec-A for methicillin-resistant
Staphylococcus aureus (MRSA), VIM and NDM-1
for carbapenem-resistant Pseudomonas, and OXA
and cetazidimase (CTX-M) for extended-spectrum
beta-lactamases (ESBL) bugs.t!

The recent SSC guidelines reiterate the initiation of
appropriate antibiotics within one hour of diagnosis of
sepsis or septic shock. Interestingly for patients without
shock, SSC guidelines recommend an assessment of
infectious versus non-infectious aetiologies by way of
a time-limited rapid investigation to determine within
three hours if antibiotics should be administered or
deferred.® In this context, PCR tests may not only
dictate the appropriate use of empirical antibiotics
but also help in identifying non-infective aetiologies
of shock. Some of these tests have a very high

Indian Journal of Anaesthesia | Volume 67 | Issue 1 | January 2023

reported sensitivity and specificity (96%-100%).52 In
resource-limited settings, newer technologies may still
play a role in combating the global threat of antibiotic
resistance in addition to increasing individual patient
care. SSC guidelines themselves acknowledge the
heterogeneity in the availability and turnaround time
of these tests.[?2%]

However, a recent review analysing 25 published
studies of rapid molecular diagnostics failed to prove
any definitive benefit in terms of mortality, ICU length
of stay, or antibiotic management.®* Earlier studies
have shown that unless supplemented by a behavioural
change in the form of an antimicrobial stewardship
programme, simply implementing this relatively
expensive technology will not lead to any meaningful
clinical or economic impact. With such behavioural
change, it can lead to a faster time to optimal therapy,
shorter hospital stays, and reduced costs.?**4

SUMMARY

Rapid evaluation, diagnosis, and management of
critically ill patients has been enabled by the efficient
deployment of ultrasonography. It is now possible to
dynamically resuscitate such patients by adopting
FHM. Continuous assessment and care of these
patients is enhanced by the adoption of POC testing
and monitoring technology. Biomarkers have made it
possible to evaluate and prognosticate the impact of
critical illness on the affected organs. Early initiation
of antimicrobial therapy is becoming a reality with
institution of rapid diagnostic technology like PCR.
Ongoing research and trials in these fields are making
critical care management more goal-oriented.
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ABSTRACT

With the increasing number of critically ill patients being admitted to intensive care units (ICUs),
newer techniques and treatment modalities continue to evolve for their adequate management.
Thus, it has become imperative to understand existing tools and resources, and utilise or repurpose
them to achieve better results that can decrease morbidity and mortality. In this writeup, we
chose five areas of interest, including analgosedation, role of colloids, recent advancements in
the management of respiratory failure, the role of extracorporeal membrane oxygenation, and
newer antimicrobials. The role of analgosedation in the critically ill has gained importance with
focus on post-ICU syndromes, and albumin has re-entered the fray as a possible repairer of the
injured glycocalyx. The coronavirus disease 2019 (COVID-19) pandemic forced us to relook at
various ventilator strategies and mechanical support for the failing circulation has now become
more common with clear end-points. Rising microbial antibiotic resistance has opened up the
research on newer antibiotics.

Key words: Analgesics, colloids, critical care, opioids, respiratory failure

INTRODUCTION

A large number of critically ill patients are being
admitted in our intensive care units (ICUs). With the
aim of combating critical illness, a number of new
techniques and pharmaceutical agents are evolving. It
has also become important that we should understand
existing tools and resources and utilise or repurpose
them to achieve better critical care outcomes. We chose
five such strategies, conducted a literature search on
them, and have attempted to discuss them briefly in
this article.

RELOOK AT ANALGOSEDATION

Pain and discomfort are observed in up to nearly
71% of critically ill patients. Analgesia and sedation
practices remain highly variable, despite usage of the
ABCDEF bundle approach to liberate a patient from
mechanical ventilation.! Analgosedation is defined
as either analgesia (i.e., an analgesic, usually an
opioid, is used before a sedative to reach the sedation
goal) or analgesia-based sedation (i.e., an analgesic,

again an opioid, is used instead of a sedative to reach
the same goal). It has been proved that a strategy
that prioritises patient pain and discomfort before
providing sedative therapy results in improved patient
outcomes compared to standard sedative-hypnotic
regimens. Difficult sedation, including situations
of therapeutic failure, tolerance, and deprivation,
has a negative impact on the outcome and occurs in
one-in-four mechanically ventilated patients.?! The
implementation of ABCDEF bundle and Pain Agitation
and Delirium (PAD) guidelines has been shown to
definitelyimprove patientoutcomesintermsofdelirium
and mortality, but patients continue to be more awake
and often in pain.®* Evidence is forthcoming about the
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association of opioid usage and delirium. Even though
analgosedation practice reduces the side effects of
sedatives, opioids themselves are deliriogenic. Hence,
an analgesia-first approach needs to be strategised
based on validated pain assessment tools. The pain
has to be managed using a multi-modal technique
with pharmacological and non-pharmacological
approaches, thereby reducing opioid usage. Once pain
has been addressed, sedation can be given using either
propofol or dexmedetomidine."!

There are several advantages of analgosedation
over analgesia or sedation alone.®?! These include
decreased pain and discomfort, decreased
drug-related adverse events, decreased duration
of mechanical ventilation and length of ICU stay,
improvement in psychological outcomes like
post-traumatic stress disorder, and reduced amount
of sedation requirement.

The disadvantages too are many and include
delirium associated with opioid administration,
high incidence of recall of unpleasant events before
regaining consciousness, occurrence of nightmares
and hallucinations, immunosuppression, tolerance
and need for escalation of dose for same effect, and
strong withdrawal effect including mydriasis, nausea/
vomiting, abdominal cramps, diarrhoea, tachypnoea,
hot flashes, chills, and sweating. Increased analgesic
requirements and hyperalgesia following cessation
of opioid infusions, malignant hyperthermia (rare,
with  volatile anaesthetics) and doubtful
“analgo-economics” (e.g., remifentanil) are other
concerns.** There exist a number of drugs/techniques
used for administering analgosedation and a variety of
tools and scales for the monitoring of analgosedation
in the ICU [Tables 1-3].° It is recommended to use
non-opioids, non-pharmacological methods, regional
anaesthesia, and/or multimodal analgesia to reduce
opioid-induced side effects.

Table 1: Analgosedation Monitoring in the Intensive Care

Unit
Monitoring tool

Patient class

Pain in Patient’s self-reported pain level (Numeric
communicative Rating Scale administered either verbally or
patient visually) - “Gold-standard”

Pain in Behavioural Pain Scale in intubated

non-communicative patients (BPS)

patient, but with BPS in non-intubated (BPS-NI) patients
observable behaviour - yitical Care Pain Observation Tool (CPOT)
Proxy reporting of pain by family member
Richmond Agitation Sedation Scale

Sedation monitoring

Indian Journal of Anaesthesia | Volume 67 | Issue 1 | January 2023

The lowest opioid doses for the shortest possible
time should be deployed for achieving the
therapeutic goal and to prevent opioid-related side
effects. Non-benzodiazepines are preferred over
benzodiazepines for the prevention of delirium. For
optimum patient recovery and outcome, multimodal
analgesia is recommended to spare and/or minimise
both opioids and sedatives.! During non-invasive
ventilation (NIV), a small amount of analgosedation
should be considered only after optimising ventilatory
support, selecting the best interface for the patient,
and selecting a proper interface rotational programme
to prevent the development of a pressure sore and
the related NIV intolerance. But there has been a
lack of evidence regarding the choice of sedative and/
or analgesia during NIV till date. Further research
regarding analgo-economics of drugs vis-a vis the cost
advantage of reduced ICU duration of stay is needed.

COMEBACK COLLOID: ROLE OF ALBUMIN IN THE
CRITICALLY ILL

The scientific community has deliberated for decades
in clinical and pre-clinical trials about the efficacy and
volume-expanding capability of various resuscitation
fluids, especially in sepsis.”! Resuscitation fluids play
a critical role in sepsis by augmenting the circulation
volume and ensuring tissue perfusion. It has been often
hypothesised that the resuscitation fluid has an impact
ontheendovascularendothelium and microcirculation,
resulting in modulation of transvascular leakage,
microvascular tone, inflammation, and interstitial
oedema.® The approach to fluid resuscitation revolves
around our recent understanding of the role of the
glycocalyx which lines the vascular endothelium..
Endothelial glycocalyx regulates vascular permeability.
Critical illness, sepsis, shock, and hyperglycaemia
damage the glycocalyx layer. Shedding or damage to
the endothelial glycocalyx, has a direct correlation
with adverse outcomes in the critically ill, and it is
potentially conceptualised that its restoration can
improve outcomes. Albumin physiologically binds
to the glycocalyx and prevents its shedding, thereby
ensuring vascular integrity and normal capillary
permeability.®%

Clinically used albumin is non-glycosylated and
negatively charged. With a single polypeptide chain of
585 amino acids, it has a molecular mass of 66.438 kD.
Synthesised in the liver, it has a 21-day half-life and is
slowly catabolised in the muscles, kidney, and liver.""!
The Surviving Sepsis Campaign Guidelines 2021 now
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Table 2: Drugs/Techniques used for Analgosedation!®

Analgesics/Sedatives Drugs/Techniques

Significant Adverse Effects

Opioids 1% line drugs Remifentanil
Fentanyl

Opioids 2™ line drugs Morphine

Non-opioid analgesics Paracetamol

Non-steroidal anti-inflammatory drugs

Ketamine

Epidurals

Nerve blocks

Injury stabilisation
Patient repositioning
Use of heat/chill
Reassuring the patient
Proper environment
Music therapy
Mindfulness Electrostimulation
Massages

Regional-analgesia techniques

Non-pharmacological methods

Multi-modal analgesia

Increased requirement of analgesics and hyperalgesia
after cessation, respiratory depression

Drug accumulation, longer duration of action, delirium,
immunosuppression

Adjunctive pain medications to reduce opioid
requirements and opioid-related side effects

Useful only in specific subpopulations of surgical
patients, patients with rib fractures, etc.

Pharmacological + non-pharmacological

Table 3: Sedation

Type Agent Risks and benefits
Hypnotic agents Dexmedetomidine Sedation alone without
Propofol analgesia may lead to
agitation or delirium in
critically ill.
Benzodiazepines Midazolam Delirium risk
Inhalational Isoflurane Using in-line devices
agents Sevoflurane Sedaconda and Mirus;

Not indicated for procedural
pain management

recommend “using albumin in patients who received
large volumes of crystalloids” in view of the recent
evidence showing “higher blood pressure at early and
later time points,” “higher static filling pressures,”
and “lower net fluid balance” with albumin. Although
most patients with sepsis and septic shock need high
volume infusions, the critical threshold for initiating
albumin therapy is yet to be established. Although
the Albumin Italian Outcome Sepsis (ALBIOS) trial
shows no difference in mortality with both crystalloids
and 20% human serum albumin (HSA) solution,
further subgroup analysis has established a decreased
mortality with HSA in patients with septic shock.!*!"
The Chinese Society of Critical Care Medicine in 2021
recommended that in cases of persistent haemodynamic
instability in septic shock, HSA infusion is a viable
option after the transfusion of 30 mI/kg crystalloid and
it can potentially reduce mortality. However, currently,
there is no evidence that suggests the superiority of
low- (4%-5%) or high-concentration (20%-25%) HSA
for resuscitation in sepsis.!""' It is suggested that HSA can
be discontinued on attaining haemodynamic stability
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or serum albumin levels above 30 g/L. Based on recent
evidence, it is preferable to avoid HSA in acute brain
injury or to reduce intracranial pressures in traumatic
brain injury. There are also some recommendations
for HSA in patients with acute respiratory distress
syndrome with hypoproteinaemia.l'® Current expert
opinion suggests that plasma is the currently preferred
colloid in burns. However, 5% human albumin solution
is a viable option if plasma is unavailable. Use of
albumin prior to furosemide, compared to furosemide
alone, potentiates diuresis in the critically ill.

Futureresearch isneeded toascertain if the preservation
or repair of the endothelial glycocalyx can improve
clinical outcomes. It needs to be further established
through large multicentric trials if HSA can be used as
a therapeutic resuscitation strategy in sepsis.

RECENT ADVANCEMENTS IN THE MANAGEMENT OF
RESPIRATORY FAILURE

Respiratory failure (RF) is the inability of the respiratory
system to maintain its function of gas exchange. The
management of RF is challenging, ever evolving, and
has seen numerous advancements in recent times.

High flow nasal oxygen

High-flow nasal oxygen (HFNO) therapy involves
delivering high flows, of up to 60 L/min, of
oxygen-enriched gas at a fraction of inspired
oxygen (FiO,) ranging from 21% to 100%. The gas
mixture is delivered through non-occlusive nasal
prongs, humidified to full saturation, and heated
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to core temperature.'! HFNO reduces the patient’s
respiratory efforts by generating positive pressures in
the upper airways, throughout the respiratory cycle,
thereby aiding in recruiting and enhancing dynamic
lung compliance. Additionally, the high flows wash
out upper airway dead spaces, thereby reliably
delivering adequate FiO, and reducing rebreathing."”!
By matching the patient’s peak inspiratory flow rates,
HFNO reduces inspiratory resistance and the work of
breathing. The elevated respiratory rate and mouth
breathingin patients with RFis knowntohamperairway
humidification. HFNO provides almost the same level
of humidity as is found in the alveoli, thus optimising
ciliary function, mucous hydration, improving patient
comfort, and reducing inflammation.!**

Non-invasive positive pressure ventilation
Non-invasive positive-pressure ventilation (NPPV)
refers to mechanically ventilating the lungs using
techniques not requiring an invasive artificial airway.
Used early during RE NPPV can reduce treatment
failure, patient mortality, and the need for endotracheal
intubation. The commonly used modes of NPPV
include bilevel positive airway pressure (BPAP) and
continuous positive airway pressure (CPAP) using oral,
nasal, or facial interfaces. Recent years have shown
significant improvements in sensor and microprocessor
technology that have been incorporated in BPAP
devices, thus providing variable ventilation modes that
can self-adjust in response to respiratory variables.['415]
1.  Adaptive servo-Ventilation/ Anticyclical Ventilation:
This form of non-invasive ventilation provides
automatically adjustable pressure support,
with changes in inspiratory support on
breath-by-breath basis. This mode is useful in
managing patients with significant respiratory

instability.
2. Volume-Assured Pressure Support: This mode
provides variable inspiratory support, thus

maintaining a target level of ventilation, despite
alterations in airway resistance and changes in
lung or chest wall compliance.

3. Automatic Expiratory Positive Airway
Pressure (EPAP): Automatic EPAP auto-titrates
EPAP, thus maintaining upper airway patency
during BPAP or volume-assured BPAP. Use of
auto-EPAP with BPAP is particularly beneficial
in acute settings.

Recruitment manoeuvres
Recruitment is a dynamic process of reopening
airless alveoli through an intentional transient
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increase in transpulmonary pressures.® Recruitment
manoeuvres (RM) can be performed by various
techniques. Traditionally, sustained inflation by setting
the ventilator to the CPAP mode and increasing the
pressureto 30-40 cmH,Ofor 30-40shasbeenused. Newer
methods include continuing ventilation using stepwise
increases in peak pressure and/or positive end-expiratory
pressure (PEEP), thus mitigating the prolonged high
transpulmonary pressures used in sustained inflation.
This can be done by either incrementally increasing PEEP
with a stable peak end-inspiratory pressure or a stepped
and prolonged RM using a fixed driving pressure or tidal
volume and a stepwise increase in PEEP!'®! Extended
sigh manoeuvres (eSigh) also effectively improve lung
aeration and are associated with lower mean airway
pressures, with consequently less risk of haemodynamic
compromise and hyperinflation.

Prone ventilation

This refers to delivering mechanical ventilatory
support to the patient lying in the prone position.
Proning improves lung perfusion and reduces lung
compression, reduces difference between the dorsal
and ventral transpulmonary pressures, decreases
ventral alveolar over-inflation and dorsal alveolar
collapse."” Thus, it decreases ventilator-associated
lung injury and makes ventilation more homogeneous,
thereby improving oxygenation.

Optimising mechanical ventilation

New technologies allow adequate bedside monitoring
of critically ill patients on ventilatory support. This
includes electrical impedance tomography, which is a
non-invasive and radiation-free imaging tool used to
do real-time, bedside, and continuous imaging of the
distribution of pulmonary ventilation.

Stem cell therapy

Mesenchymal stem cell (MSC) therapy is a novel
approach to managing severe respiratory illnesses.
MSCs secrete various factors like prostaglandin
E2(PGE2),granulocyte-macrophagecolony-stimulating
factor, and cytokines, all of which promote alveolar
macrophage phagocytosis and influence immune
function.

MECHANICAL SUPPORT OF THE FAILING
CIRCULATION AND RESPIRATION

Extracorporeal membrane oxygenation
Extracorporeal membrane oxygenation
was used as rescue therapy in patients

(ECMO)
with
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acute respiratory distress syndrome (ARDS) and
refractory hypoxaemia in haemagglutinin type 1 and
neuraminidase type 1 influenza A (H1N1)-infected
patients, in neonates with respiratory distress.!'®
After the CESAR(Conventional Ventilatory Support
vs Extracorporeal Membrane Oxygenation for Severe
Adult Respiratory Failure) trial showed an improved
mortality and morbidity six months after patients with
severe respiratory failure were treated with ECMO,
it was further used during the coronavirus disease
(COVID)-19 pandemic in patients with refractory
ARDS and myocarditis."” The use of ECMO in the
COVID-19 pandemic has reawakened interest in its
utility in cardiorespiratory failure. There has been no
randomised controlled trial in recent times that has
proven the mortality benefit of ECMO, either during
COVID-19 times or afterward. Moreover, it can only
be performed by a multidisciplinary team with proper
training, and best results are obtained if we choose the
right patient and the right type of ECMO. It weighs
heavily on resources and expense, which restrict its
availability even at super-speciality hospitals.

Two types of circuits are commonly used for ECMO:

(i) Veno-arterial (VA) ECMO: allows gas exchange
and haemodynamic support while blood is
pumped from the venous to the arterial side.

(i) Veno-venous (VV) ECMO: facilitates only gas
exchange; blood is removed from the venous
side and then pumped back into it but does not
provide haemodynamic support.

The patient must be haemodynamically stable.
Cardiac support can be given by ECMO. Only the VA
ECMO can be used for this purpose. It provides both
respiratory and haemodynamic support in cases of
low cardiac output and hypotension despite adequate
intravascular volume and high dose of ionotropic
agents. The VA ECMO circuit is connected parallelly
to the heart and lungs requiring arterial and venous
cannulation. Blood bypasses both the heart and the
lungs, so the pulmonary arterial pressure decreases.
It is used in severe cardiac failure due to almost any
cause, such as acute coronary syndrome, refractory
arrhythmias, severe sepsis, drug overdose, toxicity,
myocarditis, pulmonary embolism, primary graft
failure in the heart or heart lung transplant, as a
bridge to ventricular assist device support in chronic
cardiomyopathy and as a bridge to heart transplant.

Respiratory support can be given by ECMO. Both VA
ECMO and VV ECMO can be used for this purpose.
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VV ECMO is used to provide oxygenation or carbon
dioxide removal or both while the lungs recover, or as
a bridge to transplant in case of end-stage liver disease.
It does not provide cardiac support and requires only
venous cannulation. It is connected in series to the
heart and lungs.

There are several contraindications to the use of
ECMO. These include patients with minimal chances
of improvement who are not candidates for transplant
or ventricular assist device support, disseminated
malignancy, known severe brain injury, and severe
chronic organ dysfunction. VV ECMOis contraindicated
in cardiogenic failure and in severe chronic pulmonary
hypertension. VA ECMO is contraindicated in patients
with peripheral vascular disease. Advanced age,
obesity, and contraindication to use of anticoagulants
is a deterrent to the use of ECMO.

The complications and limitations of ECMO have
to be kept in mind. The complications per se are
due to surgical insertion of the cannulae, circuit
tubing, or anticoagulation. Incidence of bleeding
and thrombotic events is high in VV ECMO, thus
increasing the mortality.”” Distal limb perfusion in
femoral VA ECMO can be a challenge. ECMO is not a
treatment modality for cardiopulmonary dysfunction
but a device to support the lungs (VV ECMO) and
both cardiac and pulmonary support (VA ECMO). It
has its own limitations for use. Artificial membranes
having polymethyl pentene have low resistance, are
more biocompatible, and can be used for extended
durations in ECMO.”" The use of simulation should
become a standard method for training and reinforcing
technical skills.?” Enhanced learning can be achieved
by coupling mannequins and ECMO, with realistic
scenarios making ECMO within reach for a more
extensive list of patients.

NEWER ANTIMICROBIALS

In our daily practice, we face the challenge of treating
multidrug resistance organisms (resistance to at least
three different classes of antimicrobials) like multi-drug
resistant tuberculosis (MDR-TB), methicillin-resistant
Staphylococcus aureus (MRSA), carbapenem-resistant
Pseudomonas aeruginosa (CRPA), etc.

With the development of drug resistance due to
various mechanisms like target modification, drug
inactivation, and limited uptake, introduction of
newer antimicrobial drugs is challenging.
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The AWaRe (access, watch, reserve) classification of
antibiotics for evaluation and monitoring of its use
was developed by the World Health Organization after
taking into account the impact of different antibiotics
on antimicrobial resistance.**

Monobactams

Aztreonam and carumonam belong to this group.
They inhibit bacterial cell wall synthesis by blocking
peptidoglycan cross-linking and have a spectrum
of activity on gram-negative bacteria (GNB). They
are poorly absorbed by the oral route and hence are
preferably given by the intravenous, intramuscular, or
inhalational route.

Cephalosporins

Some fifth generation cephalosporins such as
ceftaroline fosamil, ceftobiprole medocaril, and
ceftolozane/tazobactam act by disrupting the
synthesis of the peptidoglycan by inhibiting multiple
penicillin-binding proteins and have additional
beta-lactamase activity.

Tetracyclines

Eravacycline, minocycline, and omadacycline belong
to this group. They disrupt bacterial protein synthesis
by binding to the 30S ribosomal subunit with high
specificity, thereby preventing the incorporation of
amino acid residues into elongating peptide chains that
cause cell death/stasis. They act on broad spectrum
gram-positive organisms.

Glycopeptides

Dalbavancin and oritavancin belong to this class.
Among these, dalbavancin acts by inhibiting synthesis
of cell wall peptidoglycan and cell membrane
permeability, whereas oritavancin binds to the stem
peptide of peptidoglycan precursors and inhibits
transglycosylation.

Carbapenems

Faropenem, meropenem/vaborbactam, and imipenem/
cilastatin/relebactam are penem class of antibiotics
that inhibit bacterial cell wall synthesis.

Phosphonic acid derivatives

Fosfomycin IV inhibits an enzyme-catalysed
reaction in the first step of the synthesis of
the bacterial cell wall and it has a spectrum of
activity on Enterococcus faecalis, Escherichia
coli, Pseudomonas aeruginosa, Proteus vulgaris,
Salmonella schottmuelleri, Staphylococcus aureus,
and Streptococcus pyogenes.
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Trimethoprim derivatives
Iclaprim belongs to this class which are dihdro-folate
reductaseinhibitorsactiveagainst GNB, gram-positive

bacteria (GPB), atypical, bacteria, MRSA, and
vancomycin-resistant Staphylococcus aureus
(VRSA).

Pleuromutilins

Lefamulin derived from this class acts by inhibiting
bacterial protein synthesis through interactive binding
to peptidyl transferase in the centre of the 50S bacterial
ribosome subunit which proved to be sensitive against
GPB associated with CAP, MRSA, VRSA.

Oxazolidinones

Linezolid and tedizolid derived from this class act
by inhibiting bacterial protein synthesis by binding
to 23S ribosomal messenger RNA of the 50S subunit
of the ribosome and act on facultative aerobic and
anaerobic GPB, MRSA, and methicillin-sensitive
Staphylococcus aureus (MSSA).

Polymyxins

Polymyxins include colistin and polymyxin B. These
drugs disrupt the bacterial cell membrane. Colistin
is also known to exert ant-endotoxin activity, while
polymyxin binds and neutralises lipopolysaccharide
and inhibits respiration of gram-negative bacterial
cells.

SUMMARY

Analgosedation in the critically ill has gained
importance in current times. While the colloid-
crystalloid controversy is almost settled, albumin
has re-entered the fray as a possible repairer of
the injured glycocalyx. The COVID-19 pandemic
forced us to relook at various ventilator strategies
and recruitment manoeuvres. The application of
mechanical support for the failing circulation has
become more common and refined with clear end
points. Rising resistance of microbia to current
antibiotics has signalled the need for the repurpose
of and research on newer antibiotics. Though we
can deploy these skills and resources in the service
of our patients, prudent utilisation of the same will
increase their longevity.
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Recent trend shows that minimally invasive surgery is in great demand. Robot-assisted procedures
have become more popular, as they overcome several drawbacks of traditional laparoscopic
techniques. Robotic surgery, however, might necessitate changes in how patients are positioned
and how staff and equipment are organised generally, which might go against the traditional
approach to anaesthesia care. The novel effects of this technology have the potential to produce
paradigm-shifting therapeutic improvements. To provide better anaesthetic treatment and advance
patient safety, anaesthesiologists should be aware of these developments by understanding the
fundamental components of robotic surgical systems.

Key words: Anaesthesia, laparoscopy, robotic-assisted surgery

INTRODUCTION

Over the past few decades, minimally invasive
surgical techniques, mostly laparoscopic ones,
have transformed surgery. Smaller surgical
incisions, less discomfort, a shorter hospital stay,
and speedier recovery are some of the possible
benefits for patients; however, the view is
two-dimensional and utilises long devices with
restricted manoeuvrability.

Robotic surgery pushes the limits of technological
innovation in health care in the direction of better
clinical results. The potential for better visualisation
(higher magnifications with stereoscopic views),
elimination of hand tremors allowing greater
precision, and improved manoeuvrability due to
the ‘robotic wrist’, which in some systems allows
up to 7 degrees of freedom, are all advantages of the
robots for surgeons (angles at which surgeons can use
their instruments to operate on target organs).

The most popular surgical robot today is the Da Vinci
Robotic System (Intuitive Surgical Inc., Mountain
View, CA), which was released in the year 2000
[Figure 1]. This apparatus includes master console,
a robotic surgical manipulator, and a visualisation
tower.!

The specific pathophysiological changes that take
place during surgery must be understood by surgeons
and anaesthesiologists in order to treat intraoperative
and post-operative problems. Furthermore, the
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Figure 1: Fourth generation Da Vinci robotic system

multidisciplinary team members participating in
robotic surgery need to be more technically organised,
better prepared, and able to communicate clearly and
extensively.

GENERAL ISSUES

In India, the surgical robotic market is expanding at
a compound annual growth rate (CAGR) of 19.80%
during the 2019-2024 period (from 6 robots in 2009
to more than 100 in 2019). A functioning robotic
surgical program is a matter of pride and prestige for
the institute. The main downside is its prohibitive
cost ranging between 1.5 and 2.5 million US dollars.
The cost of maintenance may come to 10% of
the acquisition cost, and the cost of supplies and
instruments is nearly one-third of the average total
cost.!

The robotic surgeon often acts as the captain of the
ship with his role being to anchor a perioperative team
of anaesthesiologists, surgical assistants, nurses, and
technicians and to collectively set up protocols to
efficiently run the program. The institute should also
set performance benchmarks for quality and patient
safety. In robotic prostatectomies, one can have
30 minutes of setup time, 200 minutes of intraoperative
time, and 30 minutes of turnaround time as the initial
benchmarks.4

Due to the bulky nature of the robot, Rocco
et al.® proposed a minimum of 60 m? of square-shaped
operating room (OR) with a rotatable OR table in the
centre as per surgical requirement. The console should
be preferably placed at the less frequented corners of
the OR. The patient cart and vision cart are mobile
units. The connecting cables should be detangled and
placed in ergonomically correct places. The OR will be
typical [Figure 2].
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Figure 2: A typical operating room set-up (Adapted from the author's
previous publication?)

Ideally, two anaesthesiologists along with surgeons,
circulating and scrub nurses, and technicians
should be always available in the OR. Due to the
dark environment and lack of situational awareness,
close communication among team members is
crucial to avoid any mishap. The technician and the
nurses should be experts in the system start-up and
preparing the robot for surgery. Patient positioning
should be well-planned to avoid physical injuries
and neurological complications. Hence, training
and retraining the team is important as it improves
confidence, quality, and safety of costly instruments
which are major determinants for the program's
economic viability.

Indications and contraindications for robot-assisted
laparoscopic surgery

The indications include a variety of gastrointestinal
procedures such as ventral herniarepair,’® gastrectomy,
pancreaticoduodenectomy and donor hepatectomy,
head and neck procedures including transoral
surgeries, facelifts, thyroidectomy, gynaecological
surgery such as salpingo-oophorectomy, hysterectomy,
staging and debulking of tumours, urological
procedures like radical prostatectomy/cystectomy/
nephrectomy and orthopaedic procedures such as
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arthroplasty (knee, hip). Paediatric procedures like
pyeloplasty/nephrectomy, uretero-ureterostomy
and cardiothoracic surgical procedures such as
the correction of congenital heart disease (CHD),
cardiac tumour resection, oesophagogastrostomies,
oesophago-gastrectomies, lobectomies and
diaphragmatic tumour are other examples where
robot-assisted laparoscopic technique can be used.

There is no absolute contraindication to robotic
surgery!”! though factors like disease severity, and
surgical and anaesthesiologist inexperience can result
in a high risk of harm. In such cases, modifications
like insufflation speed, and shorter duration of
Trendelenburg position with an experienced surgeon,
may enable the surgery to proceed.

Relative contraindications include ventral hernia
repair, cirrhosis/ascites, laparotomy for large tumours,
chronic obstructive pulmonary disease, pulmonary
artery hypertension, CHD, etc.”!

Limitations

The technique is associated with several limitations
such as high cost and maintenance,® prolonged
operating room time, limited tactile feedback, lack
of proximity to the patient and limitation of device
availability on a robotic platform. Robotic instruments
are limited-use consumables and must be purchased
repeatedly.

Their use requires specialised training and skills and
sufficient operating room space for bulky equipment.
Precarious positioning and limited access to the
patient after docking are possible. Professional
liability, litigation, ethical issues, equipment safety,
reliability, provision of adequate information and
maintenance of confidentiality are of paramount
importance.

Goals of robot-assisted laparoscopic surgery

To ensure patient safety, the operational field exposure
has to be maximised, arm collision minimised, and the
surgical team efficiency improved.

All staff involved should have a complete
understanding of the robotic system, including the
positioning of the robot (docking), the surgical console,
and the safety measures. All staff should produce a
final evaluation of the robotic system, both theoretical
and practical, by visiting reference centres, assisting
procedures, and performing simulation training.
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Docking

It is attaching the patient cart instrument arms to the
patient after positioning of patient and insertion of
ports. After docking, even small adjustments to the
position of the operating table and/or patient become
particularly delicate, if not impossible; similarly,
it will be very difficult to perform any anaesthetic
manoeuvre or placement of new vascular accesses. It
is recommended that the anaesthesia workstation is
positioned in a way that allows the patient’s monitors
to be visible and rapid access to the anaesthesia
equipment if needed. All OR personnel should pay
attention to the correct positioning of the patient on
the operating table.

In case of any surgical or anaesthetic urgency or
emergency, one should assess whether the situation
calls for a temporary or permanent suspension of
the robotic approach, by establishing an effective
collaboration and communication among the OR
personnel. An internal protocol that defines a safe
emergency undocking procedure (after checking that
the robotic devices are free from the outlets) should
be created, and simulation training of the same should
be done.

PREOPERATIVE PREPARATION

The preoperative preparation for a patient scheduled
for robotic surgery encompasses preoperative
assessment and specific ergonomics preparation.

A routine preoperative anaesthetic assessment with
identification of high-risk patients should be carried
out. Most of the patients coming for robotic urological
or arthroplasty procedures would be elderly or obese
and the physiological impact of these should be
known by the anaesthesiologist.”! Advancement in
both robotics and anaesthesia delivery system, makes
it possible for more high-risk patients being selected
for robotic or minimally invasive surgery because
of the overt advantages. The extreme positions
demanded for robotics have detrimental impact
on cardiovascular and/respiratory physiology."” A
history of glaucoma should be ruled out as the patient
position is associated with increased intraocular
pressure and cerebral blood volume.™ Such patients
should be identified through clinical examination and
investigations. Meanwhile, psychological preparation
of these patients, explaining the procedure,
positioning, and the realm of complications may aid
in uneventful recovery.

119

Page no. 128



Suryawanshi, et al.: Anaesthetic management of robot-assisted laparoscopic surgery

Approach to intravenous lines may be tricky during
surgery, and preferably two wide bore intravenous
cannulae should be secured prior to docking. Routine
cases may be managed without invasive monitoring.
Antithrombotic, antibiotic and, aspiration prophylaxis
protocol should be followed. Heparin administration,
pneumatic compression devices, and stockings
play pivotal roles in the prevention of deep venous
thrombosis. Preoperative fasting hours should be
according to enhanced recovery after surgery (ERAS)
protocol.*

INTRAOPERATIVE MANAGEMENT

Apart from the standard informed consent, an
additional written and informed consent should be
taken from the patient after explaining complications
that may arise from prolonged duration of surgery as
well as pneumoperitoneum and surgical position (deep
Trendelenburg/reverse Trendelenburg) related issues
[Table 1].

Monitoring

All American Society of Anesthesiologists (ASA)
standard monitoring including electrocardiogram,
pulse oximetry, blood pressure, capnometry, and
temperature monitoring should be available. Hourly
input and output charting, respiratory gas monitoring,
train of four (TOF) and bispectral index (depth of
anaesthesia) monitoring are essential. Invasive blood
pressure and central venous pressure monitoring
may be indicated in some cases (with appropriate
consents).[¥

Table 1: Physiological effects of Trendelenburg position!'”!

System Changes
Cardiovascular Increase in systemic vascular resistance, mean
system arterial pressure, myocardial oxygen consumption

Decrease in renal, portal and splanchnic flow
Increase in ventilation-perfusion mismatch, peak
airway pressure (P,.,.)

Decrease in functional residual capacity, vital
capacity, compliance

Pulmonary congestion and oedema
Hypercarbia, respiratory acidosis

Central nervous Increase in intracranial pressure, cerebral blood
system flow, intraocular pressure

Endocrine Catecholamine release

Activation of renin-angiotensin system
Gastro-oesophageal regurgitation
Venous air embolism

Neuropraxia

Tracheal tube displacement

Facial and airway oedema
Visceral/Vascular injury

Respiratory
system

Others
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Conduct of anaesthesia

The conduct of anaesthesia should be planned and
modified as per the patient’s medical condition.
Standard general anaesthesia induction is indicated,
and it includes securing the airway with appropriately
sized endotracheal tube which should be properly taped
and secured as there are high chances of endobronchial
migration of tube resulting in collapse of non-
ventilated lung and hypoxaemia (patient positioning
and pneumoperitoneum related). Three-point
endotracheal tube cuff palpation technique, intubation
guide mark technique and Varshney’s formula can be
used to help in achieving the optimal endotracheal
tube tip-carina distance during endotracheal tube
placement. In a recently published study, the authors
found that the three-point endotracheal tube cuff
palpation technique is simple, reliable and effective
in preventing endobronchial tube migration during
robotic pelvic surgery.!** Furthermore, tube placement
should be checked frequently. Tidal volume should
be maintained between 6 and 8 ml/kg with plateau
pressure (P, ) not exceeding 30 cm of H,O. Lung
protective ventilation should be applied.l**'%! As with
traditional minimally invasive techniques, nitrous
oxide is avoided for robotic procedures since it may
causebowel distension. Endotracheal tube cuff pressure
monitoring would be useful. Positive end-expiratory
pressure (4-7 cm of H,O) decreases the likelihood
of atelectasis, improves respiratory mechanics, and
restores functional residual capacity. Prolonged
surgical duration makes it sensible to use volatile
agents with good recovery profiles for maintenance like
desflurane or sevoflurane. The procedure also requires
good depth of muscle relaxation with TOF monitoring
to avoid any movements by the patient, while the
surgical instruments are in place to avoid visceral
injury. The patient remains paralysed until the robot
is undocked at the end of the procedure. The positions
used in robotic surgeries are far more extreme when
compared to laparoscopic and conventional surgeries.
Hence, belts and restraints must be used to prevent
patients from falling off the OR table. The degree of
limb extension, stirrup position, padding of bony
prominences, and eyes should be considered. Only
when the patient has been placed in the best possible
posture should the robot be docked. Constant vigilance
is needed to avoid pressure/crush injuries from direct
contact of the robotic arms with the patient. Balanced
salt solutions are preferred for fluid maintenance with
the aim of maintaining euvolaemia or near-zero fluid
balance.” Hypothermia must be avoided using a body
warmer or warming mattress.
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Fluids, pneumoperitoneum, and the patient’s
position increase the likelihood of airway oedema
and unsuccessful extubation. Cognitive recovery may
be slowed down by cerebral oedema and increased
intracranial tension during lengthy head-down
surgery. A predictor of concurrent airway oedema is
the presence of periorbital oedema. Optic nerve sheath
diameter by ultrasonography may help in trying to
gauge the laryngeal oedema. Prior to extubation, an
airway leak test is performed to assess the likelihood
of post-extubation stridor.'®! Patients who do not
satisfy the requirements for extubation should be
ventilated electively in the post-anaesthesia care
unit. Post-extubation airway issues that lead to
post-operative respiratory discomfort and may need
re-intubation include stridor, laryngeal oedema,
blockage and tracheal deviation.

POST-OPERATIVE MANAGEMENT

Patients are usually extubated on table post-procedure
and rarely require elective ventilation. However, most
patients require one or two days of stay in an intensive
care unit (ICU). Post-operative complications are
usually less. Blood transfusion is rarely required.
Occasionally paralytic ileus may manifest.

Post-operative evaluation should include identification
of the most suitable care path (ward, recovery room,
intermediate/step-down care, or ICU) consideration of
any existent comorbidities, procedure-associated risks
and possible intraoperative complications. A careful
monitoring for specific complications associated with
pneumoperitoneum or patient positioning, such as
subcutaneous emphysema, (delayed) hypercarbia,
capnothorax should be done. Adopting a score for
traditional surgery helps to objectively assess clinical
stability (e.g. Modified Aldrete, White and Song).

The key points in the post-operative management are
early ambulation and adequate analgesia.!"

Despite lesser degree of pain, multimodal analgesia
is implemented to prevent pulmonary complications
and faster recovery. Systemic analgesia can be
provided with non-steroidal anti-inflammatory
drugs such as paracetamol and diclofenac sodium,
and opioids like fentanyl and tramadol. Regional
analgesic techniques include epidural anaesthesia
for thoracic and gastrointestinal surgeries, intercostal
blockade in thoracic and upper abdominal surgeries
and transversus abdominis plane block for abdominal
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procedures. Hydration is maintained with intravenous
fluids (balanced salt solutions) and early oral intake.
A multimodal approach for the prevention and
treatment of post-operative nausea and vomiting
according to specific guidelines is recommended. Deep
vein thrombosis prophylaxis is administered. Chest
physiotherapy to reduce pulmonary complications
which can otherwise increase the ICU and hospital
stay is important post-operatively. 22!

SUMMARY

Robotic surgery is becoming more prevalent and is
being increasingly used in various specialities. Hence,
anaesthesiologists need to stay abreast of current
knowledge and be prepared to give better quality of
anaesthesia care to these patients. Further studies
should focus on resident training, cost-effectiveness,
and long-term outcomes in anaesthesia for robotic
surgery.
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ABSTRACT

Chronic pain presents as an unequalled challenge for physicians, owing to the complexity of
biochemical and biological pathways involved in pain transmission and high variability of pain
perception among individuals. Often, there is an inadequate response to conservative treatment,
and opioid treatment has its own drawbacks, such as side effects and opioid dependence.
Hence, novel strategies have evolved for the effective and safe management of chronic pain.
Radiofrequency technique, regenerative biomaterial, platelet-rich plasma, mesenchymal stem
cells, reactive oxygen species scavenger nanomaterial, ultrasound-guided interventional pain
management procedures, endoscopic spinal procedures, vertebral augmentation therapy, and
neuromodulation are some of the promising and upcoming modalities in the armamentarium of
pain physicians.

Key words: Chronic pain, neuropathic pain, opioid analgesics, pain management, radiofrequency
therapy, spinal cord stimulation

INTRODUCTION

Chronic pain presents as an unequalled challenge for
physicians, owing to the complexity of biochemical and
biological pathways involved in pain transmission and
high variability of pain perception among individuals.
Due to the side effects associated with opioids and
the growing concern around increased dependence
on opioid use, there is a need for definitive and safe
strategies to treat chronic pain. Inadequate response
to conservative treatment prompts the use of invasive
pain and spine interventions (MIPSI)."? Keeping in
mind the various newer management strategies that
are coming up in the field of chronic pain medicine,
we conducted a literature search in various databases.
The information thus compiled, along with the clinical
experience of the authors is presented in this article.

NEWER MODALITIES IN THE MANAGEMENT OF
NEUROPATHIC PAIN

Common neuropathic pain (NeUP) syndromes
include painful polyneuropathy (e.g., due to diabetes),

post-herpetic neuralgia, peripheral nerve injury,
radiculopathy, cancer-related neuropathic pain,
central post-stroke pain, and trauma or entrapment
neuropathy. Pharmacological treatment fails to provide
adequate pain relief in many patients; hence, there
is an unmet need for newer approaches, especially
interventional techniques like neuromodulation.

NeuP management has been traditionally done by
pharmacotherapy and its main focus is on treating
symptoms. A recent meta-analysis and the Special
Interest Group on Neuropathic Pain proposed
gabapentinoids, tricyclic antidepressants (TCAs),
and selective serotonin and norepinephrine reuptake
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inhibitors as first-line drugs for neuropathic pain.
Lidocaine, capsaicin, and tramadol were proposed
as the second-line treatment, while strong opioids
(morphine and oxycodone) and botulinum toxin A
(BTX-A) were included as third-line treatments for
peripheral neuropathic pain.B# Although not included
in many NeuP treatment guidelines, interventional
pain management (IPM) modalities such as pulsed
radiofrequency (RF), cryoneurolysis, peripheral
neurostimulation (PNS), and spinal cord stimulation
(SCS) hold a lot of promise, as reported in recent
literature.!**!

In the pharmacological treatment of NeuP, when single-
agent treatment fails, then combination treatment,
especially opioid or TCA with gabapentin, has been
shown to be effective and can be considered.” BTX-A
when given intradermally at multiple locations over
the affected dermatome is another novel treatment
approach that has been shown to relieve focal painful
neuropathy and painful diabetic polyneuropathy
with pain relief lasting for up to 12 weeks."! Infusion
therapy of ketamine and lidocaine can be considered
as a fourth-line treatment option in complex regional
pain syndrome (CRPS), fibromyalgia, and traumatic
spinal cord injury.!

Advanced neuromodulation techniques like PNS
and SCS have shown significant pain relief and
better quality of life in failed back surgery syndrome,
CRPS, or other neuropathic pain conditions.?®
Furthermore, another new minimally-invasive
ultrasound-guided hydrodissection technique has
shown significant improvement in entrapment
neuropathies like carpal tunnel syndrome and
similar conditions.!®

RADIOFREQUENCY TECHNIQUE

Painimpulsesaremediated through thenervestoreach
their destination in the brain. Many techniques have
been used to selectively destroy pain transmitting
sensory nerves. Of the many techniques used, RF has
proven itself as the most effective and is the most
widely used. The last 70 years have witnessed the
refining of the RF technique to avoid tissue charring,
boiling, and uncontrolled tissue lesions.”” With the
advent of thermocouple electrodes, temperature
monitoring has become very accurate, and hence the
RF lesion size can be planned precisely. Recently,
there have been several advancements in electrode
designs including curved and spring-type electrode
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tips for specific purposes. Electrode systems have
been refined so that accurate control of temperature
and lesion size can be achieved.[' In fact, there are
newer applications like pulsed RF, pulse-dose RE
and bipolar RF that appear to bring in newer options
of lesioning.

It is appropriate to produce RF lesions when the pain
is primarily nociceptive. Usually, they are found in
facet joint arthralgia, chronic knee pain, sacroiliac
joint pain, headache disorders and facial pain, and
the intervertebral discs as in discogenic low back
pain.l'"'% Other indications for the application of RF
are cancer-related pain, sympathetic mediated pain,
and mixed pain of both nociceptive and sympathetic
variety. RF techniques form a distinct arm in the
management of intractable benign and malignant
pain syndromes. They need to be performed with
good background knowledge of anatomy, radiological
imaging, and an appreciation of their place amongst
a large armoury of interventions for treating chronic
pain.

Several limitations are associated with singular RF
lesioning. The RF lesion when done at a single point
or done as a singular lesion can fail because of the
following reasons: afferent fibres being in ventral
root, the finite RF lesion being more localised than
the local anaesthetic in a selective nerve root block,
heat loss to nearby blood vessels, ectopic sprouting of
ganglion cells, intersegmental nervous connections,
sympathetic maintenance of pain, and placebo effects
of prognostic blocks.

REGENERATIVE MEDICINE

Regenerative medicine
gaining importance as it has the potential to treat

in pain management is

pain without the continuous use of analgesics.
Regenerative therapies have been used to manage
various chronic pain conditions like low backache due
to degenerative intervertebral discs, pain arising from
knee osteoarthritis, shoulder pain, neuropathic pain,
etc. Biologically active materials, engineered tissues,
and natural polymers provide a non-pharmacological
alternative to managing chronic and inflammatory
pain. With advancements in molecular biology, novel
regenerative biomaterials have been designed to
augment the healing process naturally and to reduce
the adverse effects associated with conventional
analgesic use.!"
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Regenerative biomaterials

Biomaterials used for promoting tissue regeneration
include natural polymers like hyaluronic acid,
collagen, chitosan, and synthetic polymers such as
polycaprolactone and polylactic-co-glycolic acid. They
specifically act in bone and cartilage repair and in
nerve repair. Scaffold pore design like collagen peptide
(Pro-Hyp-Gly)-presenting hydrogels and adipose
mesenchymal stem cell-derived tissue-engineered
constructs are being used successfully for degenerative
intervertebral discs that cause low backache.™

Another promising therapy in regenerative medicine is
the use of bioactive agents such as platelet-rich plasma
(PRP) and growth factors like mesenchymal stem cells
(MSCs). The ability to activate the intrinsic regenerative
pathways and exert an anti-inflammatory effect has made
PRP and MSCs one of the main pillars of regenerative
medicine. Evidence from well-designed case—control or
cohort studies on the use of PRP and MSCs in the lumbar
facet joint and lumbar epidural and sacroiliac joint
injections is currently described as level IV evidence.

Platelet-rich plasma

Autologous PRP is a processed liquid fraction
of autologous peripheral blood with a platelet
concentration above baseline. Platelets are the source
of o-, 8-, and A-granules, which are storage units for a
wide range of components consisting of biologically
active factors like growth factors, cytokines, lysosomes,
chemokines, microparticles, and adhesion proteins
that augment the synthesis of new connective tissue
and aid in revascularisation. The main advantage of
PRP includes its safety and indigenous preparation.!**

There are various techniques for harvesting PRP.
Commonly, through an aseptic venipuncture, 20-60 mL
of autologous blood is drawn and centrifuged. The
resultant blood is divided into platelet-poor plasma,
PRP, red blood cells, and white blood cells. After
concentrating the resultant blood further, 3-6 mL of
PRP is obtained. The recommended PRP concentration
is 2.5-6 times higher than the plasma concentration.!*

The use of PRP has been shown to be effective in
musculoskeletal disorders of the back, shoulder and
spinal disorders, osteoarthritis, and patients with
chronic complex and recalcitrant wounds.

Mesenchymal stem cells
MSCs are multipotent stem cells, multipotent
progenitor cells, or marrow stromal cells found in the
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bone marrow, lungs, adipose tissue, and other body
tissues. MSCs have the ability to differentiate into
osteogenic, chondrogenic, and adipogenic lineage.
Recent studies have shown the use of MSCs in
immunomodulation with low immunogenic potential.

MSC is harvested from the bone marrow and adipose
tissue and is then expanded in cell cultures in
vitro. Culture expansion is performed to reduce the
heterogeneous MSC population. MSCs are then collected
from the tissue culture flasks, trypsinised, centrifuged,
pelleted, and resuspended in liquid ice-cold collagen
fibronectin gel. The collagen fibronectin gel forms a
soft gel at body temperature. This MSC mixture is then
injected in the target tissue.¥

MSCs can alleviate discogenic lower back pain by
modulating primary nociceptive pain and regenerating
disc tissue. However, the survival of MSCs is a limiting
factor for long lasting results.

Regenerative therapy using natural and synthetic
biomaterials is a prudent alternative for chronic
pain management. Studies comparing PRP and MSC
with steroid injections have shown the former to be
favourable and safer. Robust data and research on
the efficacy of bioactive materials in regenerative
medicine can help to incorporate their use in routine
clinical practice.

REACTIVE OXYGEN SPECIES SCAVENGERS

Cellular functions such as oxidative phosphorylation
result in reactive oxygen species (ROS) as byproducts.
ROS when produced in excess causes tissue damage,
inflammation, and pain. This has been postulated as a
cause of development of neuropathic pain. A fairly new
technique, ROS scavenging nanomaterials facilitates
the elimination of pro-inflammatory cytokines and
ROS in microglia and ameliorates allodynia.!™!

NEWER APPLICATIONS OF ULTRASOUND IN
CHRONIC PAIN INTERVENTIONS

Traditionally, MIPSI was taught and performed under
fluoroscopy and computed tomography scan guidance.
In fact, many pain physicians still solely rely on
fluoroscopy for performing various MIPSI. However, in
recent times, ultrasound has emerged as an alternative
and excellent imaging tool for performing MIPSI.
Furthermore, it also aids in the diagnosis of many
musculoskeletal and neuropathic pain conditions that
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we encounter in our daily practice. Ultrasound helps
to avoid the radiation exposure that is associated with
fluoroscopy and also allows to visualise the target
structures, perform procedures in real-time, and avoid
unintended damage to the surrounding structures.!®!
Another important aspect of ultrasound is that it has
improved the safety, accuracy, and performance of
various MIPSI.!"”! Ultrasound application in MIPSI can
be briefly discussed in three parts: peripheral nerve,
spine, and musculoskeletal interventions.

Ultrasound has revolutionised the management
of peripheral neuropathy, be it post-traumatic,
post-surgical, or even entrapment neuropathy. The
morphology of the nerves, entrapment site, and
neuroma, if any, can be precisely identified and targeted
forinterventional treatmentincluding hydrodissection,
pulsed RF neuromodulation, cryoablation, chemical
ablation, or even PNS implantation.™6'#19 Ultrasound
has emerged as an alternative tool in entrapment
neuropathies like carpal tunnel syndrome. It has
the added benefit of identifying other possible
aetiologies like cyst, tenosynovitis, or others in case of
entrapment neuropathy, whereas an electrodiagnostic
study can only identify the neuropathy and not the
cause. Another classic example of safety and accuracy
in MIPSI with ultrasound is stellate ganglion block.
Ultrasound helps in the deposition of medication just
below the prevertebral fascia, and avoids damage to the
surrounding blood vessels, nerves, and oesophagus.®!
Various other bedside procedures like peripheral nerve
blocks, and coeliac plexus block are the added benefits
of ultrasound in MIPSI.

For spine interventions, fluoroscopy is still the imaging
modality of choice. However, facet joint and sacroiliac
joint procedures have been increasingly and accurately
performed with ultrasound guidance.!"® MIPSI
like cervical root blocks that reported catastrophic
complications in the past have now re-emerged again
only because of ultrasound which can detect radicular
blood vessels and avoid intravascular injection.”

Finally, coming to the musculoskeletal interventions
like joints, bursa, tendon or ligaments, ultrasound
undoubtedly is the imaging modality of choice.
Dynamic examination, comparison with contralateral
side, subsequent scanning, and comparison in the
follow-up period following regenerative therapy
are some very important and pertinent aspects in
modern-day pain practice. The diagnostic utility
of ultrasound in rotator cuff disorders, other joint
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pathology, and even in inflammatory arthropathy
plays a great role in early identification, and the
avoidance of costly imaging modalities. Accurate
needle placement for various joint interventions with
real-time ultrasound, performing barbotage procedure
in calcific tendinosis, or even precise regenerative
medicine therapy in tendinosis are examples of some
MIPSI which can be performed safely, accurately,
and quickly in the office setting, thereby saving time,
money, and admission in the hospital.

ENDOSCOPIC SPINAL PROCEDURES

Endoscopic spinal procedures provide safe, direct, and
targeted access to the pathology with less soft tissue
disruption. The most common level for endoscopic
spinal intervention is at the lumbosacral level,
followed by the cervical and thoracic levels. There are
two major indications for endoscopic spine surgery:
disc herniation and stenosis.!*"

The approach can vary:

lumbar/thoracic: This method
refers to a posterolateral percutaneous approach
to the disc or epidural space through the neural
foraminal window. The most critical advantage of
this approach is that it provides direct access to the
pathology without requiring a large skin incision,
wide muscle retraction, unnecessary bone resection,
and general anaesthesia.’?”’ With the ‘inside-out’
technique, the tip of the working cannula rests
anterior and directly underneath the dural sac. With
the ‘outside-in’ technique, the tip of the working
cannula sits directly posterolateral to the dural sac
in the neuroforamen.!

Transforaminal

Interlaminar approach: This refers to the percutaneous
posterior or interlaminar approach to the epidural
space or disc pathology. The approach is similar to that
of open microscopic lumbar/thoracic decompression.

Anterior and posterior approaches for cervical
spine: Targeting and disc decompression are
relatively easier without thecal sac retraction in
the anterior approach. In the case of foraminal disc
herniation or foraminal stenosis in the cervical
spine, the posterior percutaneous endoscopic
cervical foraminotomy and disc decompression can
be more effective.?*

Caudal/Trans-sacral approach: It involves insertion
of the small fibreoptic endoscope or epiduroscope.
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The last and most critical factor for categorisation
is the property of endoscope used: percutaneous
endoscope, microendoscope, biportal endoscope,
and epiduroscope. The most commonly used system
is full or percutaneous endoscopic system, which is
characterised by (1) the use of a working channel and
the optics in the same tubular device, (2) complete
percutaneous approach with a small skin incision,
and (3) utilisation of a monoportal approach with
continuous saline irrigation.

Some endoscopic spine interventions have been
commonly studied and applied in real practice. These
include percutaneous endoscopic lumbar discectomy,
percutaneous endoscopic decompression (PED) for
lumbar lateral recess/foraminal stenosis, interlaminar
PED for lumbar central/lateral recess stenosis, and
percutaneous endoscopic cervical discectomy.*%]

The levels of evidence vary according to the history
of each endoscopic procedure. As far as evidence is
concerned, only transforaminal endoscopic lumbar
discectomy technique has been proven by some
randomised trials.[*?* Incidental durotomy, increased
cerebrospinal fluid pressure, and haematoma are
the few common complications noted in endoscopic
spinal procedures.?!

VERTEBRAL AUGMENTATION THERAPY

Vertebral augmentation therapy is an umbrella term
that includes vertebroplasty and kyphoplasty. It is
an established intervention for painful vertebral
compression fractures of the spinal column, resulting
in rapid onset of pain relief along with improvement
in mobility and reduced disability.!

These interventions are percutaneous image-guided

invasive procedures in which acrylic bone cement is
injected into the damaged vertebral body. The current
indication for vertebroplasty is intractable non-
radicular pain resulting from compression fractures
due to osteoporosis, myeloma, vertebral metastases,
and aggressive painful vertebral haemangioma, while
the contraindications include bleeding disorder,
unstable fracture, and lack of definable vertebral
collapse.®!

Magnetic resonance imaging must be performed prior
to vertebroplasty and focus is placed on persistent
oedema or presence of a linear intracorporeal cavity
containing gas or liquid, indicating a fracture non-
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union, which is an indication for the absence of
fracture healing.

The patient is in the prone position and the skin is
incised under local anaesthesia, allowing the passage
of a trocar to the anterior part of the vertebra. The
targeted vertebra can be approached posteriorly in a
transpedicular or parapedicular way, either unilaterally
or bilaterally. Thereafter, polymethylmethacrylate
(PMMA) cement is injected under fluoroscopic
guidance. Possible mechanism of pain relief includes
stabilisation of the fractured component and the
destruction of nociceptive fibres during the exothermic
reaction produced by polymerisation of PMMA. %!

Complications  associated  with  percutaneous
vertebroplasty include cement leakage, which can
seep into the veins, paravertebral soft tissue, the
intervertebral disc, or into the spinal canal.'” Other
risks include increased risk of fractures of adjacent
vertebrae, postoperative infections, fat embolism, and
pulmonary embolism.?”!

NEUROMODULATION

The International Neuromodulation Society defines
neuromodulation as ‘the alteration of nerve activity
through targeted delivery of a stimulus, such as
electrical stimulation or chemical agents, to specific
neurological sites in the body.’*®

Neuromodulation can be invasive and non-invasive.
Non-invasive techniques include (but are not limited
to) transcranial magnetic stimulation, transcranial
direct current stimulation, and vagus nerve
stimulation. Common invasive technologies are SCS,
dorsal root ganglion (DRG) stimulation, PNS, and deep
brain stimulation [Table 1].

Although neuromodulation modalities act through
different mechanisms, they share functional
convergence by promoting neuroplasticity.?® This
might involve both synaptic plasticity and functional
modifications (e.g., ion channels) that can alter
neuronal excitability.*3"

SCSisthe most common implantable neuromodulation
therapy, and its use has substantially increased over the
past two decades. The global market size of SCS devices
is expected to reach US$2.8 billion by 2025.6% SCS
involves the placement of a subcutaneous implantable
pulse generator connected to two electrodes with leads
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Table 1: Various invasive neuromodulation technologies and their major applications

Invasive neuromodulation technology Major indications

Spinal cord stimulation (SCS)

Failed back surgery syndrome

Complex regional pain syndrome (CRPS)
Neuropathic pain (including diabetic neuropathy)
Vascular pain and peripheral vascular disease

Dorsal root ganglion (DRG) stimulation Focal CRPS

Neuropathic pain for hand, chest, abdomen, foot, knee, or groin (difficult to treat with SCS)

Peripheral nerve stimulation (PNS)
Headache

CRPS

Phantom limb pain

Deep brain stimulation (DBS)

Peripheral neuropathies

Peripheral neuropathies

Neurological disorders like Parkinson’s disease

Restorative neurostimulation
Intrathecal drug delivery (pump)
Spasticity

Chronic mechanical low back pain
Cancer-related pain

that travel into the epidural space posterior to the
spinal cord dorsal columns. After trying the therapy
for about a week (known as a ‘trial’), a patient who
has experienced a reduction in pain by at least half
may choose to continue treatment with a permanent
system. Many modes of stimulation are available with
specific indications and distinct features like higher
frequency stimulation, burst stimulation, closed loop
stimulation, etc. Issues like funding, placebo effect,
and reduced efficacy with time are the limiting factors.

Encouraging results with newer techniques like
DRG stimulation and restorative neurostimulation®*
indicate a bright future for the technologies ahead.

CONTROVERSIES IN THE INTERVENTIONAL SPINE
PROCEDURES

Controversies exist with regard to the selection and
preparation of patients, pharmacological agents
used, the optimal time, threshold, and frequency of
interventions. This does demand standardisation.

Among the route of approaches in interventional spine
procedures for lumbar radiculopathy; interlaminar
(IL), caudal, and transforaminal (TF) approaches are
in practice. Controlled trials showed TF approach as
the most effective for the radicular pain. Interlaminar
epidural steroid injections with better anteriorly
placed target specificity, gains the upper hand in
many studies®*%! through literature reveals a few with
contradictory data. There is no compelling evidence to
use lumbar epidural steroid injections for the treatment
of symptomatic spinal stenosis. Facet-mediated pain
from the lumbar spine, is treated by medial branch
blocks and subsequent radiofrequency ablation.[*6-%%!
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At the cervical spine, some studies favour
transforaminal epidural injection as a safe approach,
while others favour approaching the spine via at an
angle of 70 degrees. Further randomised controlled
trials are warranted to reveal the safety of selective
nerve root block and transforaminal epidural steroid
injection at the cervical spine. Another area of
ongoing controversy is the use of particulate steroids
in spinal interventional drug medication mixture.
This does carry the risk of neurological deficits.
Although specialised centres have replaced it with
the non-particulate substitute, many centres still opt
for it.

The optimal time, investigations, especially the
coagulation profile, is a grey area from an interventional
pain specialist’s perspective, as universally accepted
national protocols are yet to be developed. The
practice of blending or cocktailing and compounding
drugs for intrathecal delivery is not under the approval
of any agency in India or outside. Alarmingly there
are no medications currently marketed in India with
the label ‘for intrathecal use only’! Many of these
off-label drug combinations and their dilutions need
to be standardised for the safety of patients and
practitioners.

SUMMARY

The field of pain medicine is rapidly evolving.
RF technique, regenerative biomaterial, reactive
oxygen species scavenger nanomaterial, PRP,
MSCs, ultrasound-guided MIPSI, endoscopic spinal
procedures, vertebral augmentation therapy, and
neuromodulation are some promising and upcoming
modalities in chronic pain management.
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ABSTRACT

Transfusion of blood and blood products has many adverse effects and should be done only if
patient benefits outweigh the associated risks. Current understanding of blood transfusion has
improved dramatically, revolutionising the care of surgical, trauma, obstetric and critically ill
patients. Most guidelines advise a restrictive approach for stable patients with non-haemorrhagic
anaemia for red blood cell transfusion. The rationale for red blood cell transfusion has historically
been to improve oxygen transport capacity and consumption-related parameters in anaemic
patients. Current understanding casts serious doubts about the true potential of red blood cell
transfusions to improve these factors. There may not be any benefit from blood transfusion beyond
a haemoglobin threshold of 7 g/dL. In fact, liberal transfusion may be associated with higher
complications. Guideline-based transfusion policy should be adopted for the administration of all
blood products including fresh frozen plasma, platelet concentrates and cryoprecipitate etc. This

should be integrated with clinical judgement.

Key words: Blood, blood platelets, blood transfusion, plasma, red blood cells

INTRODUCTION

Anaesthesiologists are involved in the majority
of transfusions in the perioperative period, in
trauma resuscitation, critical care and obstetric
haemorrhage. Blood transfusion refers to the
administration of blood and blood products like
autologous or allogenic whole blood, packed red
blood cells (PRBCs), fresh frozen plasma (FFP),
platelet concentrate, cryoprecipitate, fibrinogen
concentrate etc., These products aim to maintain
or restore the oxygen-carrying capacity and the
coagulation property of the blood apart from
maintaining euvolaemia. This review updates
the current understanding of the physiological
rationale  behind  perioperative  transfusion,
available blood components and their indications,
the techniques to assess and reduce blood loss,
the role of point-of-care (POC) testing in managing
transfusion and the complications of transfusion.

Though numerical transfusion triggers are helpful
in guiding transfusion, one should not miss the
overall clinical picture.!! Restrictive transfusion
strategy is now widely accepted.!. Employing
physiological criteria like patient haemodynamics,
the response to immediate volume resuscitation and
signs of clinical coagulopathy is very important.
Correlation between the laboratory abnormality
and clinical coagulopathy could be unpredictable
and inconsistent. Transfusion could have several
repercussions as exemplified by a higher incidence
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of cancer recurrence in oncosurgical patients
who received blood transfusions possibly due to
transfusion-related immune modulation.

Physiological rationale behind transfusion

Tissue oxygenation needs must be met by oxygen
supply to ensure aerobic cellular respiration. There
are some important physiological equations related to
oxygen transport and delivery to the microcirculation.

DO, = CO x CaO,
CaO, = (Sa0, X 1.34 x Hb) + (0.003 x PaO,)
DO, = CO X (Sa0O, x 1.34 X Hb) + (0.0031 x PaO,)

(where DO,, Tissue oxygen delivery in mL/min; CO,
Cardiac output; CaO,, Arterial blood O, content; SaO,,
Arterial oxygen saturation; PaO,, Partial pressure of
oxygen of arterial blood; Hb, Haemoglobin)

The DO, under normal conditions is 800~1200 mL/min
and is about four times the oxygen consumption (VO,)
with a tissue oxygen extraction ratio (OER) of 20%-—
30%. Therefore, even a considerably decreased level of
Hb concentration would still deliver sufficient oxygen
to tissues. But below a critical Hb, there is a fall of both
DO, and VO, at which tissue oxygen demands are not
met with, resulting in a state of supply dependency
and the consequent development of tissue hypoxia.

Major physiological adaptive mechanisms to
euvolaemic anaemia include sympathetic stimulation,
increase in cardiac output, myocardial contractility,
oxygen extraction, 2,3 diphosphoglycerate levels
in red cells and redistribution of blood flow to vital
organs. Lowered blood viscosity leads to decreased
systemic vascular resistance and afterload. The DO,
augmented by red blood cell (RBC) transfusion is not
consistently improved with increased VO, and this
could be explained by the lack of oxygen debt prior to
transfusion in an unindicated transfusion.

Blood transfusion is a major intervention in patients
undergoing cardiac surgeries under cardiopulmonary
bypass, in obstetric haemorrhage, critical care, trauma,
organ transplantation, major non-cardiac surgeries
and in those with pre-existing blood disorders
or acquired defects leading to massive bleeding.
Preoperative anaemia is a proven risk factor for poor
postoperative patient outcomes. Patients requiring
massive perioperative transfusion may develop
coagulopathy due to loss of blood, haemodilution,
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insufficient component replacement and consumption
of coagulation factors. The traditional approach to a
massively bleeding patient is to restore normovolaemia
by volume replacement concurrently with correction
of anaemia and coagulopathy.® Prompt therapeutic
action in surgical bleeding will avoid impaired
haemodynamics, compromised oxygen-carrying
capacity from anaemia and impaired coagulation
haemostasis from the depletion of haemostatic
resources.

Available blood components

A range of blood components is available for clinical
use [Table 1]. Besides these components, there is
a re-emerging trend towards fresh whole blood
transfusion in massive exsanguination as in battle-field
injuries, largely perhaps from the understanding that
ratio-based component compositions do not still make
it whole blood equivalent.

Blood substitutes under development

Blood  substitutes  (oxygen  therapeutics or
haemoglobin-based oxygen carriers) are life-saving in
situations of massive haemorrhage where prompt blood
transfusion is not available. Lack of immunological
reactions, blood group neutrality, absent risk of
infectious complications and long shelf life are some
of the advantages. Key blood substitutes developed,
evaluated and being improved upon include
perfluorocarbons and haemoglobin-based oxygen
carriers (HBOCs). First-generation acellular chemically
modified HBOCs were shown to be associated with
a statistically higher risk of myocardial infarction
and death in clinical trials presumably due to their
small molecular size, high intrinsic affinity to nitric
oxide and their acellular structure. Current efforts
are directed towards a safe cellular-structured HBOC
named haemoglobin vesicles encapsulating purified
and concentrated Hb solution in liposomes, shielding
the toxic effects of molecular Hb by means of a lipid
bilayer membrane and by mimicking erythrocytes.
Engineered Hb, blood farming (using stem cells
extracted from umbilical cords) and water-soluble
nanometre-sized dendrimers are focus areas of current
research and development, which will hopefully yield
an approved safe blood substitute in the market soon.

WHEN TO TRANSFUSE AND WHAT TO TRANSFUSE

The concept of patient blood management introduced
by the World Health Organization (WHO) in 2011 is
a systematic, evidence-based approach focused on
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Table 1: Available blood components and their salient features

Blood component Salient features

Packed Red Blood One unit transfusion increases haematocrit by 3% and Hb by 1 g/dL.

Cells (PRBCs) Special products like irradiated PRBCs, washed PRBC and cryo-preserved PRBCs may be available.
One unit=350 mL Storage changes like 2,3 diphosphoglycerate (DPG) depletion, pro-inflammation, poor deformability and
change in nitric oxide physiology may alter effectiveness of transfusion

Usual PRBCs/FFP transfusion ratio is 3:1 to 1:1.

One 250 mL unit raises the fibrinogen level by 10-15 mg/dL.

Contains fibrinogen 400-900 mg/unit, albumin, protein C, protein S, anti-thrombin and tissue factor
pathway inhibitor.

Not indicated to increase albumin concentration or plasma volume.
Prepared from whole blood or from apheresis.

One unit apheretic platelet concentrate contains 30,000 platelets and is equivalent to six whole blood
unit-derived platelets.

Dose is 10-15 mL/kg. Shelf-life is 5 days. Group-specific transfusion recommended. One random donor
platelet (RDP) concentrate at 10 mL/kg body weight increases platelet count by 5000/uL. One unit single
donor platelet (SDP) concentrate will increase count by 24,000 to 35,000/uL. Inline filter of 170-260 um
is used for transfusion. Chance of bacterial contamination is high due to room temperature storage and
they are WBC depleted.

Prepared from the cryoglobulin fraction obtained by thawing FFP. After removal of the supernatant, the
precipitate is refrozen in approximately 30 mL of plasma, which can be stored at-25°C or below for up
to 36 months.

Contains factor VIIIC, von Willi brand factor (vVWF) s, fibrinogen, fibronectin and factor XIlII.

Each unit of cryoprecipitate contains 150-250 mg of fibrinogen (one unit of FFP contains 2-4 mg/mL of
fibrinogen, which is equivalent to fibrinogen content of 2 units of cryoprecipitate). This is usually packed
in 15 mL of plasma. One unit of cryoprecipitate conventionally represents 10 units of whole blood and in
a bleeding patient from hypofibrinogenemia, a single infusion of 10 units of cryoprecipitate should restore
the fibrinogen level to 200 mg/dL.

Cryoprecipitate administration is being replaced by the use of lyophilised human fibrinogen concentrates.

Normal plasma concentration of fibrinogen is 200-400 mg/dL (maximum level among all coagulation
factors).

Fibrinogen is the major structural component of the clot.

Minimum level required to maintain haemostasis is 100 mg/dL.

Critical or minimal fibrinogen level needed for clot formation in the bleeding patient is 1.5-2 g/L.
Fibrinogen concentrates are superior to FFP.

Contains vitamin K-dependant clotting factors like II, VII, IX, X and other coagulation components like
protein C and S, heparin and antithrombin IlI.

Can be reconstituted easily without the need for thawing or blood group matching.
Recommended therapy for rapid reversal of Vitamin K antagonists

Fresh Frozen Plasma (FFP)
One unit=250 mL

One apheresis
unit=400-600 mL

Platelet Concentrates

Cryoprecipitate

Fibrinogen Concentrate

Prothrombin Complex
Concentrate (PCC)

patient requirements such as achieving the highest
patient care, weighing the benefits of transfusion
against the risk, with minimal transfusion-related
adverse events.* !

haemodynamic changes or end-organ ischaemia.l
They recommended a Hb target 7.0-9.0 g/dL and a
transfusion trigger of 7.5 g/dL. The transfusion trigger
for patients on cardiopulmonary bypass with moderate
hypothermia and those at risk of critical end-organ
ischaemia is 6.0-7.0 g/dL. In case of ongoing bleeding,
a haematocrit of less than 30% is recommended as a
transfusion trigger./*%1°

Perioperative blood managementis based on a thorough
preoperative assessment of patients, optimising them
in the preoperative period by correcting any reversible
cause of anaemia instead of going for allogenic blood

ion.l”!
transfusion. The American Society of Anesthesiologists Task

Force recommends a transfusion trigger of 6.0-
10.0 g/dL, based on potential or actual ongoing
bleeding, intravascular volume status, signs of organ

Preoperative blood transfusions are recommended
only in patients with persistent bleeding, urgent or
emergency surgery or cancer-related surgery where

surgery cannot be delayed.

Baker et al. have summarised that the intraoperative
transfusion strategy should be based on patient’s Hb
or haematocrit concentration, amount of blood loss,

132

ischaemia and adequacy of the cardiopulmonary
reserve.’! In addition to estimation of blood loss,
they also recommend the use of haemodynamics and
end-organ perfusion monitoringsuch asblood pressure,
heart rate, ST changes in the electrocardiogram (ECG),
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oxygen saturation, echocardiogram, urine output,
cerebral oximetry and near-infrared spectroscopy,
arterial blood gas, mixed venous oxygen saturation as
and when required. %"

The 2020 National Institute for Health and Care
Excellence (NICE) guidelines recommend the threshold
for transfusion as 7 g/dL and a target of 7.0-9.0 g/dL
after transfusion. While in acute coronary syndrome,
the transfusion threshold increases to 8 g/dL and target
Hb increases to 8-10 g/dL. Single-unit transfusion
for patients who are not actively bleeding should
be restricted." The threshold, targets, indications
and dose of various blood components are variable
[Table 2].11112)

In the postoperative period, blood transfusion is
individualised as per the patient’s need.

TRANSFUSION IN SPECIAL SITUATIONS

1. Major haemorrhage

Major haemorrhage can be defined as a 50% blood loss
within 3 h or a rate >150 mL/min. Initial transfusion
is with four units of O group PRBCs and four units
of FFP/freeze-dried plasma (FDP) (equivalent to 15—
20 mL/kg); platelet concentrate may also be included.
Group-specific PRBCs is arranged as soon as possible.
POC or laboratory testing can guide transfusion
management. Simultaneously, hypothermia, acidosis,
hypocalcaemia and hyperkalaemia need to be avoided.

2. Obstetrics

Early recognition of bleeding (>500 mL in normal
delivery and >1,000 mL in caeserean section) and POC
tests are important. Fibrinogen needs to be replaced
with cryoprecipitate if the fibrinogen level is less than
2 g/L." Early infusion of FFP/FDP before PRBCs may
be needed. If coagulation tests are not available, four
units of PRBCs alternating with four units of FFP/FDP
are transfused till the coagulation test is available.
Tranexamic acid 1 g as the initial dose is given and
cell salvage may be considered.

3. Trauma

Early haemorrhage control is important. Permissive
hypotension is acceptable. Trauma induced
coagulopathy needs to be targeted using tranexamic
acid 1 g initially. PRBCs and FFP/FDP are transfused in
the ratio of 1:1 to replace fluid volume till laboratory
or POC test results are available."® Administration of 1
unit/kg cryoprecipitate and platelets can be considered.
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Once haemorrhage is controlled, transfusion is guided
as per haemoglobin and coagulation targets.

4. Cardiac Surgery
Viscoelastic tests guided transfusion is recommended.
Autologous transfusion and cell salvage are considered.

5. Neuroanaesthesia

Restrictive blood transfusion strategy is adapted
during traumatic brain injury and Hb 7 g/dL is taken
as transfusion threshold. However, haemoglobin more
than 9 g/dL is associated with harmful effects and
increased in-hospital mortality.!®!

6. Paediatrics

PRBC transfusion of 10 mL/kg raises Hb by about
2 g/dL. Cryoprecipitate, platelets and FFP are
administered in volumes of 5-10 mL/kg, 10-20 mL/kg
and 10-15 mL/kg, respectively.

ASSESSMENT OF BLOOD LOSS

There exists no error-free technique or test for the
measurement of blood loss during surgery. The
intraoperative quantification of blood loss can be done
by using different measurement methods.

Visual quantification

Subjective visual quantification is the most frequently
used method. Periodic visual evaluation of the
suction canisters, surgical field, surgical sponges and
drains is recommended. The myriad of laboratory
tests including prothrombin time (PT), international
normalised ratio (INR), platelet count, activated partial
thromboplastin time (aPTT), platelet function, fibrinogen
level, D-dimer, thrombin time and thromboelastogram
can aid in the monitoring of coagulopathy.

Gravimetric method

Blood loss is estimated by weighing surgical
items contaminated with blood and subtracting
the dry weights. The simple conversion factor is
1 g = 1 mL blood.'”*®! The traditional method of
assessing blood loss looking at the mops/pads soaked
with blood depends on the size of the pads used
(4 X 4cm =10 mlL; 30 X 30 cm = 100 mL).

Calculated blood loss

Numerous mathematical formulae and calculations
are utilised for the estimation of blood loss. Moore’s
formula,™® which is similar to Nadler’s formula!
takes into consideration weight, height and sex
for the measurement. International Council for
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Table 2: Blood components: Thresholds, targets, indications and dosing in adults

Blood components (Contents)

Thresholds, targets, indications and dose

Whole blood
Red Blood cells (RBCs), platelets, plasma
(1 unit=350-500 mL)
Packed Red Blood Cells (PRBCs) or Red
Cell Concentrates (RCCs)
RBCs

Fresh Frozen Plasma (FFP) or
Other plasma products:
Plasma frozen within 24 h after
phlebotomy (PF24)
Thawed Plasma

(All soluble plasma proteins and clotting
factors)

1 unit=200 to
300 mL

Platelet Concentrate
Platelets (derived from whole blood or
apheresis)
1 unit of apheresis platelets or a 5
to 6 unit pool of platelets from whole
blood=200 to 300 mL

Cryoprecipitate
Fibrinogen; factors VIl and XllI; Von
Willebrand Factor (VWF)
1 unit=10 to 20 mL

Prothrombin Complex Concentrate (PCC)!"!

Three factors (i.e., factors Il, IX and X)
or four factors (i.e., factors Il, VII, IX and
X) PCC

1 unit- 500/1000 1U

Rarely required.

May be appropriate when massive bleeding requiring transfusion of more than 5 to 7 units of
PRBCs (increasingly used in early trauma management).

Use restrictive red blood cell transfusion thresholds:

A general haemoglobin threshold of 7 g/dL for those not having massive haemorrhage and
a haemoglobin concentration target of 7-9 g/dL after transfusion.

Consider a red blood cell transfusion threshold of 8 g/dL and a haemoglobin concentration
target of 8-10 g/dL after transfusion for patients with acute coronary syndrome.

Consider setting individual thresholds and haemoglobin concentration targets for each
patient who needs regular blood transfusions for chronic anaemia.

Maintenance of coagulation factors during major haemorrhage, particularly trauma and
obstetrics.

Acute disseminated intravascular coagulation (DIC) with bleeding.

In patients who are actively bleeding and whose international normalised ratio (INR) is
>1.5 (or point of care [POC] equivalent).

Immediate reversal of warfarin-induced haemorrhage when prothrombin complex
concentrate (PCC) is not available; PCC is the first choice.

Thrombotic thrombocytopaenic purpura (preferably using pathogen-inactivated FFP or fibrin
degradation products FDP, with plasmapheresis if no response.

Replacement of coagulation factors when specific factors are not available in the presence of
active bleeding or to prevent bleeding during an invasive procedure (uncommon).

FFP/FDP is not recommended for routine use in patients with cirrhosis/liver disease unless
significant coagulopathy and haemorrhage are identified.

The recommended initial therapeutic dose is 15-20 mL/kg.

Prevention and treatment of bleeding due to thrombocytopaenia or platelet function defects

If patient is actively bleeding, transfuse to a platelet count >50 x10%L (>75 x10°/L for
neurosurgical and ophthalmic bleeding).

If not bleeding, the following triggers should be applied:

Routine prophylactic use: 10x10°/L.

Prophylactic use with additional risk factors (e.g., sepsis):10-20 x10°/L.

Other major surgery or invasive procedures: 50 x10%/L.

Neuraxial blockade: 50-80 x10°%/L.

Prophylactic use in closed compartment surgery (eye, brain):100 x10°/L.
Hypofibrinogenemia due to major haemorrhage and massive transfusion.
During major haemorrhage, fibrinogen should be maintained >1.5 g/L, except in active
obstetric haemorrhage where fibrinogen should be maintained >2 g/L.
Bleeding associated with thrombolytic therapy.

DIC with fibrinogen <1.0 g/L.

Advanced liver disease, to maintain fibrinogen level>1.0 g/L.

Uraemia if desmopressin (DDAVP) is ineffective

The initial dose of cryoprecipitate should be 1 unit/10 kg (100 1U/10 kg)

(typically 15-20 mL/kg).

Each single unit has approximately 400-450 mg of fibrinogen

Bleeding/perioperative Prophylaxis of Bleeding During Vitamin K Antagonist Therapy

INR: 2-<4: 25 units/kg; maximum dose: 2500 units

INR: 4-6: 35 units/kg; maximum dose: 3500 units

INR: greater than 6: 50 units/kg; maximum dose: 5000 units

Repeat or subsequent dosing is not recommended.

Life-threatening major bleed with a non-warfarin anticoagulant

Administer 50 units/kg, with an additional 25 units/kg if the patient meets all the following
criteria:

Life-threatening bleeding
The specific antidote is not available (e.g., adexanet alfa for apixaban)

Standardisation in Haematology (ICSH) formula uses
body surface area and gender for the calculation of the
total blood volume.®?” All the blood loss calculation

formulae overestimate the blood loss.
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The allowable blood loss?Y can be calculated as
follows:

Estimated blood volume X
(Hi) -Final haematocrit (Hf)]/Hi

[Initial haematocrit
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Colorimetric blood loss estimation

Gauss Surgical Inc. has developed a smartphone
application, capable of calculating blood loss by
capturing graphical photos of used surgical gauze
pieces and canisters."® The relevant information
derived from photographs and geometric areas is
analysed, with the intent of mechanically filtering out
the non-blood components mixed in every canister and
sponge and thereby measuring the haemoglobin in the
canister and gauze from the images taken. Therefore,
by feeding preoperative Hb, the calculation of blood
loss can be done.

Miscellaneous techniques

Alternative techniques being explored are ultrasound
of the inferior vena cava, contrast-enhanced
ultrasound, haemodynamic oesophageal Doppler
monitoring, near-infrared spectroscopy and continuous
non-invasive intraoperative Hb monitoring.

BLOOD CONSERVATION STRATEGIES

One of the pillars of efficient patient blood
management (PBM) endorsed by WHO is decreasing
perioperative blood loss (the other two pillars are
preoperative optimisation of anaemia/erythropoiesis
and revamping tolerance to anaemia). Various
strategies can be used to minimise blood loss
[Table 3].0%

ROLE OF POC TESTS TO DECIDE TRANSFUSION

POC tests reduce the therapeutic turn-around-time
required prior to transfusion. From  the
anaesthesiologist’s perspective, these POC tests should
be done in the operation theatre itself. They should
assist in deciding blood component and haemostatic
drug therapy.®?

Table 3: Methods to reduce intraoperative blood loss

Strategy Methods
Preoperative History of excessive bleeding during surgery,
optimisation  family history of bleeding diathesis, bleeding risk

stratification (ACTA PORT score) and judicious
antiplatelet/anticoagulant therapy

Anaesthesia  Optimum patient positioning (surgical site

strategies above right atrial level), maintain normothermia,
normocarbia, minimal positive end-expiratory
pressure (PEEP) to improve venous return,
permissive hypotension

Surgical Diathermy, minimally invasive surgery, cell salvage

strategies and topical haemostatic agents

Haemostatic Desmopressin use in platelet dysfunction,

agents procoagulants, use of viscoelastic tests and

antifibrinolytic agents (tranexamic acid 10-20 mg/kg)
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POC tests in Haematology

They are broadly classified into two types — (a)
Haemoglobinometers to assess Hb status (b)
Multi-parameter analysers to assess white blood cells
and coagulation parameters, platelet function and
coagulation parameters. Variety of haemoglobinometers
are available (WHO Hb colour scale, Lovibond, Sahli,
Photometric Hb analysers - Hemocue system, Diaspect
Hb analysers, TrueHb Hemometer, non-invasive tests
that use infrared spectrometry or white light placed at
fingers, microhaematocrit-based automated ‘quantitative
buffy coat’ method). Their accuracy and reliability
compared with laboratory results are still a concern.

POC tests in haemostasis

Perioperatively, use of POC tests in haemostasis is
limited to four categories'®?:(a) monitoring heparin
anti-coagulation, (b) viscoelastic measures of
coagulation, (c) platelet function monitors and (d)
clotting tests

Monitoring Heparin anti-coagulation

Activated clotting time (ACT) is used to monitor
haemostasis where heparin therapy is indicated like
cardiac surgery, extra-corporeal membrane oxygenation
(ECMO), haemo-filtration, cardiac catheterisation etc.
Commercially available devices include Hemochron®,
Hepcon®, ACT II®, Hemochron Junior signature®,
Actalyke MAX-ACT and i-STAT. The advantages of
these are low cost, simplicity and linear response
at high heparin concentration. Their disadvantages
are low sensitivity at low heparin concentration,
poor reproducibility, false prolongation of values
with hypothermia, coagulation factor deficiencies,
group IIa/Illb inhibitors, warfarin, platelet function
abnormalities, lupus antibodies and haemodilution.®*

The high dose thrombin time using Hemochron is
more specific to heparin effects than the ACT and not
affected by haemodilution and hypothermia.

Viscoelastic assays of coagulation

These include thromboelastography (TEG), rotation
thromboelastography (ROTEM) and Sonoclot.*
TEG and ROTEM give a global assessment of blood
coagulation with turn-over time of just half an hour
and help in goal-directed blood component therapy
by analysing all stages of viscoelasticity from clot
formation to retraction, the interaction between
platelets, fibrinogen and clotting factors and aid in
the diagnosis of hyperfibrinolysis in the context of
bleeding which is lacking in conventional coagulation
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assays (CCAs). They also give a dynamic review in
times of resuscitation and use of therapeutic drugs.

All TEG and ROTEM devices (including TEG5000
and ROTEM Delta) work on the same principle
of measuring shear stress. However, based on the
activator used, many TEGs are available such as
standard TEG, rapid TEG, heparinase TEG, functional
fibrinogen TEG, TEG platelet mapping and native
TEG.®! Newer versions like the TEG 6s and the
ROTEM Sigma use cartridge-based systems with dry
reagents and they have improved usability at POC
by non-laboratory-trained personnel and improved
interoperator reproducibility.®® Sonoplast is a similar
device that creates an electrical signal called the
‘signature’ based on impedance to the brisk probe
movement caused by the formation of clot./?

The use of these assays reduces allogeneic blood
transfusion in cardiac surgery and coagulopathy
resulting from major trauma.*?®! Evidence of their
utility is mostly limited to studies done in cardiac
surgery, no standardised cut-off values for viscoelastic
assays (VEAs) parameters, the lack of external validity
of different VEAs due to operational differences and
lack of correlation with the results of CCAs are few of
the limitations of VEAs.%

Novel approaches to use TEG in unique scenarios like
platelet inhibition by clopidogrel and aspirin, guide
for heparin reversal in ECMO, TEG scoring to detect
disseminated intravascular coagulation, liver disease
and transplantation have expanded its scope.

Platelet function monitors

Many POC tests are available to assess the platelet
function secondary to use of anti-platelet drugs like
clopidogrel and assess platelet recovery post cessation.
Multiple electrode aggregometry can rapidly detect
and quantify platelet dysfunction.?”’ Their use is
presently limited to cardiac surgery.'?®! Other monitors
include platelet function analyser -100, Aggrestar
platelet function analyser (PL-12), Plateletworks,
TEG-based platelet mapping, VerifyNow™ to mention
a few.122:29]

POC tests for clotting are available for PT, aPTT), INR.
Coagulometers such as CoaguChek S, Coagu Chek XS,
Haemochron Junior Signature, INRatio, Protime 3 and
thrombi-Stat are available, which are semi-automated/
automated and measure PT, INR and sometimes aPTT.
It is routine practice, especially in patients undergoing
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vascular surgery to have the PT, INR testing for the
effect of warfarin.

COMPLICATIONS OF BLOOD TRANSFUSION

Complications of blood transfusion are rare but can be
life threatening. The complications following blood
transfusion are of various types [Table 4].5% Clinical
presentation is with fever, cutaneous, pulmonary
and circulatory manifestations. The differential
diagnosis is determined by the clinical presentation
[Figure 1].1*"%2 The technical manual of the American
Association of Blood Banks provides a list of various
non-infectious transfusion reactions with a guide
to clinical features and management of the adverse
events [Table 5].0%1

The dreaded complications such as transfusion-
associated circulatory overload (TACO), transfusion-
related acute lung injury (TRALI) and coagulopathy
following blood transfusion need special mention.
TACO is pulmonary oedema with a cardiogenic
cause, which improves with diuretic therapy. TRALI
is non-cardiogenic pulmonary oedema and does not
respond to diuretics. TRALI fulfils the international
criteria for acute lung injury.’¥ Though transient
and 80% of patients recover, TRALI is the most
common cause of major morbidity and mortality after
transfusion.

Massive blood transfusion results in abnormalities
of coagulation status, serum biochemistry, acid-base
balance and temperature homeostasis. This leads to
the ‘Bloody Vicious Cycle’ in trauma patients. The
triad of hypothermia, acidosis and coagulopathy

Table 4: Complications of blood transfusion

Early Late
Haemolytic reactions (Immediate or Transmission of infections

Delayed) Graft vs. host disease
Non-haemolytic febrile reactions Iron overload (after chronic
Allergic reactions to proteins, transfusions)
Immunoglobin A Immune sensitisation
Transfusion-related acute lung injury  (Rhesus D antigen)

Reactions secondary to bacterial
contamination

Circulatory overload
Air embolism
Thrombophlebitis
Hyperkalaemia
Citrate toxicity
Hypothermia

Clotting abnormalities (after massive
transfusion)
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Table 5: Non-infectious adverse transfusion reactions®"

Acute non-
immune-mediated

Acute immune-mediated (<24 h
after transfusion)

Delayed immune-mediated (>24 h after
transfusion)

Delayed non-
immune-mediated

Acute haemolytic transfusion reaction
Febrile non-haemolytic transfusion

Transfusion related sepsis
Non-immune haemolysis

reaction Transfusion associated
Urticarial circulatory overload
Anaphylactic Air embolism

Transfusion-related acute lung injury

Delayed haemolytic transfusion reaction

Alloimmunisation to red cell antigens, platelets
and leukocytes (Human Leukocyte Antigens)

Transfusion-associated immunomodulation
Transfusion-associated graft versus host disease
Post-transfusion purpura

Iron overload

' ™
« Febrile non-haemolytic transfusion reaction
Fever + Haemolytic transfusion reaction
% * Septic transfusion reaction
{(Intlammatory signs and symptoms) » Transfusion related acute lung injury (TRALI)
* Transfusion associated graft vs host disease
N /
el ™,
Rash, pruritus « Transfusion related allergic reaction
(Cutaneous signs and symptoms) « Transfusion associated graft vs host disease
S s
g ™,
* Severe allergic reaction (Anaphylactic)
« TRALI
Dyspnoea » Transfusion associated ci yry overload
(Respiratory signs and symptoms) » Haemolytic transfusion reaction
* Transfusion associated dyspnoea
* Air embolism
- Ed
v N
« Haemolytic transfusion reaction
« Transfusion related sepsis
Hypotension « TRALI
(Circulatory signs and symptoms) « Transfusion related allergic reaction
+ Air embolism
* Acute hyp transfusion r
N "
Figure 1: Differential diagnosis of cause of blood transfusion reaction
can propagate each other, eventually resulting in =~ SUMMARY

a predictable but irreversible progression towards
death.

The blood transfusion reactions always constitute
medical emergencies. Management of these precede
investigating the cause of it. The transfusion should
be stopped immediately, and a close strict monitoring
of all the vital organs, i.e., cardiac, respiratory,
renal and cerebral systems should be prioritised.
Meanwhile, blood should be sent back to the blood
bank for further work up of the root cause of the
adverse event.

Most reported complications are because of
transfusion of mismatched blood products and thus
avoidable through clinical vigilance with meticulously
monitored transfusion process.
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Current guidelines guide us in rational transfusion
only when incorporated with individualised clinical
information from the patients. There is scope for
research to find out the best method of optimising
oxygen delivery to the tissues other than improving
the red cell concentration. The dynamic nature
of the coagulation process requires interpretation
of the dynamic tests of coagulation and not just
relying on the numbers of the static tests. Majority
of the transfusion reactions are preventable and the
emphasis should be on reducing the contributing
human errors to zero.
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ABSTRACT

Teaching and learning in anaesthesia and critical care has traditionally included seminars, journal
clubs and clinical teaching in the operation theatre. The aim has always been to ignite the spark
of thinking and self-directed learning in the students. The process of ‘dissertation preparation’
introduces basic knowledge and interest in research in the postgraduate student. All this is followed
by an examination at the end of the course including the theory and practical assessment in the form
of long and short case discussions and table viva-voce. The National Medical Commission in 2019
introduced the competency-based medical education curriculum for anaesthesia postgraduates.
This curriculum focuses on structured teaching and learning. It has specific learning objectives in
theoretical knowledge, skills and attitude development. The building up of communication skills
has been given due importance. Though research in anaesthesia and critical care is steadily
progressing, much work needs to be done on its improvement.
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INTRODUCTION

Traditional teaching methods in anaesthesiology have
been in vogue for the last 5-6 decades in India with
typical classroom teaching and the use of textbooks
and blackboards. Teaching and training revolved
around the patient in the operating room followed by
lectures, journal clubs and case presentations. Even
though in this method, the learning was structured;
this method was unable to maximise the full potential
of the student.™

Critical care training is relatively new and
fellowships, diplomas, and degrees have developed
over the years.

The newer methods of teaching and training are
competence based with an emphasis on skill and
all-around development of the student apart from
learning the various nuances in anaesthesia and
critical care using media, technology, artificial

intelligence, etc. The competency models follow the
concepts of either academic competence or operational
competence. There is a need to use a model that
engages the higher-order competence, performance
and understanding which represent professional
practice at its best.?! Keeping this in mind, we reviewed
the recent literature on teaching in anaesthesia and
critical care including that in anaesthesia and critical
care journals in various databases using Google and
other search engines.
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ANAESTHESIA AND INTENSIVE CARE EDUCATION:
THE FRAMEWORK SO FAR

Aspiring anaesthesiologists are required to first
complete their basic medical school degree after which
they can pursue specialist training in anaesthesiology
by joining the 2-year diploma course or 3-year degree
course after passing an entrance examination. The
course awards the Diploma in Anaesthesiology (DA)
or Doctor of Medicine (MD) degree after completion
and passing the examination which consists of theory
and practicals sections. The student following the
general training can opt for 1- or 2-year fellowships
in subspecialities like intensive care, cardiac
anaesthesia, neuroanaesthesia, paediatric anaesthesia,
pain medicine, transplant anaesthesia, regional
anaesthesia, etc., or may choose to take 3-year
vigorous training in the above subspecialities to obtain
a Doctorate of Medicine (DM) degree. The National
Board of Examinations also awards Diplomate of
National Board (DNB) degrees, diplomas, fellowships,
and Doctorate of National Board (DrNB) degrees in
anaesthesia/critical care.

So far, teaching and training in all these courses
have been either self-learning or conventional
classroom-type learning with weekly presentations
of didactic lectures, case discussions, journal clubs,
etc. Skill learning has always been directly on the
patients under the supervision of a senior qualified
anaesthesiologist inside the operation theatre/intensive
care unit (ICU) or by demonstration by a senior
member. The students are rotated through various
speciality and subspeciality operation theatres for at
least 1 to 2 months to learn the nuances in each area.
ICU trainees rotate through cardiac, neuro, trauma,
general critical care unit, surgical ICU, anaesthesia,
transplant, paediatric and neonatal ICUs.!

Every trainee is usually posted for emergency duties
for least two or three times a week. During emergency
hours, some amount of autonomy is allowed especially
for those who are trained already and are in their
3™ year of residency.

However, every trainee, at all times, should work under
a responsible nominated consultant. The consultant
would be available to advise and assist the trainee at
all times. The consultant would be directly involved
in every difficult case or crisis management. The same
system is followed in intensive care training too.
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At the end of the training, the students need to
submit his/her thesis and undertake the oral and
written examination. The theory exam usually
has four papers which are broadly divided into
basic sciences, theory and practice of anaesthesia,
subspeciality anaesthesia, and recent advances in
anaesthesiology. The DNB examination on the other
hand has also incorporated objective structured
clinical examination (OSCE), ward rounds and
practical demonstration of skills in addition. This
method of training has several disadvantages. It is
possible that the students could self-educate with
dubious books and journals. They can be misled by
wrong information provided by the internet. Basic
sciences are generally neglected, and mock exams are
not conducted uniformly in all institutes. Also, there
is a lack of quality education in many institutes. In
this teaching method, there has been no minimum
case requirement or mandatory hours of training per
week as seen in several countries like the United
States of America, the United Kingdom, Canada,
Japan, Brazil, Denmark and Switzerland, wherein
there are a minimum of 37 hours/week to a maximum
of 50-60 hours/week.!

Anaesthesiologists have been in the forefront of all
medical specialities in recent times, thus making
it necessary to enhance the quality and uniformity
of knowledge and skill development in medical
education programmes.” Mastering anaesthesia
requires expertise in three major learning domains:
cognitive (knowledge), psychomotor (procedural
skills) and affective (non-technical skills).®

COMPETENCY-BASED MEDICAL EDUCATION
CURRICULUM AND NEWER METHODS OF
EDUCATION

There are five core pillars underpinning the speciality
of academic anaesthesia. The ‘big five ’ of the
preamble are: (i) teaching and learning [TL]; (ii) skills
acquisition and protocol development; (iii) testing
of systems, theories and equipment; (iv) quality
innovation and excellence of care, which includes
professionalism and conduct; and (v) ongoing
research and its application.!”! Competency-based
medical education (CBME) curriculum for
postgraduate (PG) students in anaesthesiology was
launched in 2019. The latest guiding principles
from the National Medical Commission (NMC)
focus on this curriculum with specific learning
objectives in theoretical knowledge, skill and
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attitude development. The NMC mandates that the
training is well planned, supervised and delivered
by well-trained teachers.”! The PG student learns the
basic principles of safe and effective anaesthesia for
a period of three years. The first six months are for
training in the management of uncomplicated cases
and the selection of thesis topic with submission
of the requisite protocol. In the next 18 months,
the student learns the skills of performing and
maintaining general as well as regional anaesthesia
for the American Society of Anesthesiologists (ASA)
grade I to V patients. Thesis submission is mandatory
at least six months before the final examination.
Superspeciality postings need to be covered. The
student has to have at least four months of ICU
posting including extensive training in ICU and
trauma triage units.

Newer teaching-learning methods

PG training aims to create specialists who can provide
safe and high-quality health care to people. The
NMC has emphasised the need for newer interactive
teaching methods like: Modular Object-Oriented
Dynamic Learning Environment (MOODLE), Massive
Open Online Courses (MOOCs), app-based learning
and flipped classroom: live, active classroom sessions,
podcasts, vodcasts, webinars, social media and
web-based collaborative education, simulation-based
teaching, reflective  feedback, problem-based
discussions and mentorship.®

Newer assessment methods

Assessment should be both summative and formative
as per the recent NMC guidelines and should include
the assessment of both clinical and non-clinical
professionally useful skills. Simulation-based
and workplace-based assessment (WPBA) tools
can be used for formative assessment and the
assessment of multiple domains of learning
including clinical competence. Some common
WPBA methods include mini-clinical evaluation
exercises, direct observation of procedural skills,
multisource feedback, logbook, E-portfolio, OSCE
and E-assessments.?

Simulation

Anaesthesiology training is focused on handling
dynamic situations with quality of clinical expertise.
To handle these situations, a trainee should be able
to make decisions after analysing the situation and
be able to handle the case alone or with his team,
whichever is required.!
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Creating scenarios and catastrophic situations
beforehand can improve the performance, judgment
and hence the training of the student. There are
tools available like mannequins for every procedure,
but to perform even better we must create the exact
environment for the trainees so that they can identify
the situation and act accordingly in the minimum
possible time; these can be achieved with the help of
simulation tools.™

The use of simulation technology in the form of
virtual reality enables candidates to understand
typical procedures and concepts. One can expect in
anaesthesia and critical care a huge number of possible
critical incidents, and it is nearly impossible for one
person to experience them first hand clinically and
derive key learning points from them. High-fidelity
simulation can help here to create countless scenarios.
Similar to other technologies, these simulation
strategies also have their limitations as they might not
be able to imitate exact actual scenarios to the fullest
which a trainee may face in real-life events.®

Overall, the use of simulation technology for training
in anaesthesia and critical care is a game changer.

Continuing medical education

The current guidelines for a competency-based PG
training programme in anaesthesiology recommend
continuing medical education (CME) programmes
to maintain, develop or enhance the knowledge,
skills, and competence of anaesthesia trainees."™ The
process of CME accreditation involves the assessment
of an educational initiative by a nominated authority,
using defined standards. The NMC, the state medical
councils, and professional bodies like the Indian
Society of Anaesthesiologists are the major CME
accreditors in India. The NMC mandates a minimum
of 30 hours of CME in every 5 years, for physicians for
renewal of their license."" The structured CME courses
vary from one to five days. The ISA conducts annual
national and multiple city-level CME programmes, to
reach local graduates. Pre-course tests and post-course
evaluation assess the effectiveness of the programme
for the trainees and are used to improve upon the
content of previous CME programmes.'?! Subspeciality
CME accreditation in anaesthesia is done by other
dedicated professional bodies such as Academy of
Regional Anaesthesia, Indian Association of Paediatric
Anaesthesiologists, Indian Society of Critical Care
Medicine, Indian Association of Cardiovascular
Thoracic Anaesthesiologists, etc.
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Blended learning

Blended learning is a mode of teaching in which both
online media and two-way face to face communication
are included.™® For example, a student can understand
the basic idea of a topic online and through videos,
and then can attend the workshop/seminar physically
to enhance knowledge and sharpen skills, for
example, integrated teaching, multidisciplinary CME
programmes.

There are a few models which deal with the concept
of flipped model (student first attends the online class
then comes to attend the classroom), face-to-face driver
model (traditional), rotational model (students are
required to attend self-paced online classes as well as
offline classes but in a fixed overall time), etc.

This type of method has some benefits such as benefits
of contact and online teaching. It provides cost cutting,
a better feedback model and adjustment of learning
pace as per convenience. However, it also has some
disadvantages. Not everyone is comfortable using
daily upgrading technologies. The student-teacher
relationship is somewhat lacking, and there is some
lack of competitiveness as compared to the traditional
method. There could be a problem of plagiarism in
submitting the materials, and the transition phase may
be difficult for the student.'*!

Hybrid system

The Hybrid system, developed by the Lithuanian
University of Health Sciences, is a novel platform
for learning and performing the skills. It provides an
algorithm for peer-to-peer hands-on training in skill
lab and learning, and it also provides direct feedback
option by the peers as well as instructors.!”

Itis a platform which explores the areas of self-regulated
learning with feedback option and peer assessment
which are dedicated for overall improvement of the
student. This system is based on two frameworks,
i.e., Ericson’s deliberate practice model and mastery
learning model. It simply breaks down any complex
procedure into smaller steps for better understanding
and performance of the procedure for students."

CHALLENGES FACED IN TEACHING AND TRAINING

Teaching and training are mandatory for improving
oneself for all-round development.

Broadly, two types of skills are to be learnt and
mastered in anaesthesiology and intensive care. These
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include technical and non-technical skills (NTS).
Technical skills can be taught on simulators, through
videos, workshops and real-time clinical work in the
operation theatre and ICU. NTS include cognitive and
mental skills such as decision-making and situation
awareness, and social and interpersonal skills such
as teamwork, communication and leadership. The
development of tools for assessing the NTS of an
anaesthesiologist in improving healthcare outcomes is
challenging.!”!

Working on technical skills only may get good scores
but to be a good anaesthetist/intensivist one needs
to possess both technical and non-technical skills.
There should be a competency-based assessment of
both the qualities which when found lacking needs
to be focused on. Different simulator scenarios should
be focused to assess and improve in respect of both
categories as required.!*®

Error-free decision making and point-to-point learning
skills can all be upgraded and implemented in
day-to-day activities with the use of metacognition,
free from biases strategies which can be universally
applied.

CORONAVIRUS DISEASE-19 PANDEMIC AND ITS
IMPACT ON TEACHING

The coronavirus disease (COVID)-19 pandemic had
a knockoff effect on PG training with the decreased
elective caseload, reduced subspeciality experience
and lesser opportunities for supervised procedures
leading to impaired learning."” The pandemic not only
impacted the mental health of the trainees but also led
to a change of case mix with the scheduling of only
emergency, obstetric and cancer cases and augmented
exposure to ICUs at the cost of elective cases. The
problem was also compounded by decreased hands-on
training as the seniors would perform procedures
so as to avoid droplet exposure thus denying the
opportunity to trainees. Scheduled teaching classes,
bedside assessments and examinations at workplace
were deferred; this was compounded by inability
to complete the thesis due to less sample size and
inadequate clinical postings in various operation
theatres. Communication with personal protective
equipment in COVID ICUs was another barrier to
overcome. This adversity, however, led to a revolution
in the delivery of PG education. Newer learning
modalities like webinars, video-conferencing over
Zoom, Skype or Microsoft teams, and podcasts were
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used to deliver didactic lectures using laptops and
smartphones. Similarly, the training programmes
included virtual simulation, teleconsultation for
clinical problems, limited classroom teaching
with social distancing, online videos with faculty
discussions and the use of e-learning management
systems like MOODLE to reach out to trainees.

TRAINING WORKSHOPS FOR TRAINERS

‘It is one thing to know and another to teach’. Training
workshops for the teachers aim to provide formal
and bedside teaching sessions, to teach practical
skills through short instructor courses like basic life
support and advanced cardiovascular life support,
etc. to trainers, who after receiving training may serve
as faculty for teaching these skills. It also focuses
on developing anaesthesia teaching programmes.
This helps the faculty to observe and improve
the performance of residents and students and
provide them with good feedback, and understand
the principles and the types of evaluation used in
bedside teaching and formal examinations such as
the MD examination. Nevertheless, ‘train the trainer’
workshops should also include exposure to research
programmes to mentor young faculty towards
designing clinical research protocols, focusing on the
ethical responsibility of research groups, engaging in
data analysis, publishing a scientific manuscript and
writing for a funded project.

RESEARCH IN ANAESTHESIOLOGY AND CRITICAL
CARE

Traditional anaesthesiology research concentrated
on what occurs during operation. More recently,
anaesthesiology has expanded its focus on
perioperative care, starting when a surgical procedure
is being considered and ending with palliative care.

Technology is a necessary component of research in
the modern practice of anaesthesia. Technology that
emphasises automation, monitoring and decision
support systems is now available. Automated
anaesthetics is the future of anaesthesia. Automated
closed-loop anaesthesia delivery systems (CLADS)
are used in research as well as clinical practice.* In
a meta-analysis, CLADS controlled total intravenous
anaesthesia  (TIVA) infusions by controlling
anaesthetic depth and hastened recovery.*" It is
commercially possible to automatically administer
volatile anaesthetics using closed-loop titration.**
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Studies on the efficacy of automated anaesthetic
systems with separate closed loops for fluid
management, hypnosis, analgesia and neurocognitive
recovery are being conducted in adults as well as
paediatric populations.?** In the next 10 years,
automation is anticipated to grow quickly and take
over the operating room as the standard. Robots
will provide anaesthesia shortly, according to an
editorial.®!

Innovation has reduced the intrusiveness of
monitoring. Recently, the continuous non-invasive
arterial pressure system or the ClearSight system
became available for the non-invasive assessment of
cardiac output by using a blood pressure cuff applied
to the finger. The analgesia nociception index, surgical
pleth index and nociception level index are more
reliable indices in detecting painful stimulation.?®
Similarly, brain autoregulation assessment has been
revealed by cerebral pulse oximetry.*”:!

Quantitative neuromuscular blockade monitoring
is one example of an evidence-based intraoperative
care approach that can be adopted through the
implementation of research. Non-invasive mobility
sensors were developed to continuously measure
patients’ mobility in the ICU and lower the burden of
measurement and documentation on the caregiver.**3%

The application of telemedicine to perioperative care
maybe the most obvious evidence of how consumer
technology  influences anaesthesia  practice.l!
Anaesthesia information management systems (AIMS)
are becoming more widely used, and there is increased
interest in using AIMS data for intraoperative clinical
decision support (CDS). The possible benefits of CDS
for anaesthesia include better patient safety, billing
accuracy, and compliance.233

Preoperative risk stratification research supports
the decision to proceed with surgery. Studies show
that ‘prehabilitation’ therapies can improve exercise
tolerance in deconditioned patients before surgery and
may lower the incidence of perioperative problems.

Pain research in anaesthesia includes trials of various
pain regimes. Now, anaesthesiologists frequently
participate in research to enhance the availability of
palliative care. Recent studies are looking into the
possibility of avoiding opioids during postoperative
care. The University of Houston research team
has created a vaccine that specifically produces
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anti-fentanyl antibodies that bind to ingested fentanyl
and prevent it from entering the brain.

Other newer and uncommonly touched areas of
research include research on the obstetric airway,**
the high-risk surgical patient, genomics, molecular
basis of actions and translational research. Multicentre
collaborative research studies and meta-analyses
need to become more popular amongst the Indian
anaesthesia research community. True and robust
research in the form of well-designed randomised
controlled trials need to be conducted on novel and
clinically useful hypotheses. Ethical issues related to
research in the critically ill patient have to be tackled.

CHALLENGES IN ANAESTHESIA RESEARCH

Though useful research in anaesthesia is important
for progress, there are several challenges and
obstacles that have to be encountered to achieve
this. Development expenses continue to be important
obstacles to research. Various foundations, societies,
companies, and governments should support and offer
grant funding to uplift anaesthesia-related research.

PG medical students need to have an understanding of
research methods and their principles. The National
Institute of Epidemiology of the Indian Council of
Medical Research made it mandatory for all PG students
tocompletean onlinebasic courseinbiomedical research
by the end of their second semester. Formal training in
biostatistics, research design, ethical considerations
and reviewing the literature are important.

Mentorship, giving adequate time to build one’s
research agenda, and encouraging residents and
faculty to conduct research are all potentially effective
ways to grow anaesthetic research.

Anaesthesiology likely underutilises research from
other fields. In anaesthesiology education, cross-
referencing research from other fields for a better
grasp of qualitative and mixed methods of research is
necessary.

At the societal level, regulation continues to serve as a
fundamental quality-control measure and a hindrance
to research.

SUMMARY

There is a need for structured education and training
in anaesthesiology as well as intensive care, and our
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country has formulated, customised and executed
the training to meet broad objectives and goals. The
new education system has emphasised research and
enhanced the analytical as well as thinking skills.
The present approach to teaching and learning has
seen a renaissance as it focuses on the student’s
overall development. Meanwhile, research on the
newly implemented CBME curriculum and the zeal
to explore and implement newer TL and assessment
methods in anaesthesiology PG training have to pick
up momentum.
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ABSTRACT

Advances in artificial intelligence, telemedicine, block-chain technology and electronic medical
records are paving the way for a new era in anaesthetic care through automation, non-invasive
monitoring, system management and decision support systems. Their utility has been demonstrated
in a variety of contexts in the peri-operative setting, including but not limited to, monitoring
anaesthesia depth, maintaining drug infusion, predicting hypotension, critical incident evaluation,
risk management strategies, antibiotic administration, haemodynamic monitoring, precise
ultrasound-guided nerve blocks and a future where possibilities are entirely dependent on how
we decide to embrace this progression. The main objective of this article is to provide up-to-date
and valuable knowledge about the recent advances in anaesthesia technology during the past
few years.
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INTRODUCTION

reduced costs through enhanced patient outcomes.
A sentinel anaesthetic monitor was created to identify

Technology improvements have made anaesthesia
practices safer, more scalable and more efficient.!"
An exponential increase in the volume of electronic
medical data has enabled artificial intelligence (AI)
algorithms to create clinical decision support
systems (CDSS), which allow quick and appropriate
intervention to decrease errors, deficits and incidents
in the operation theatre.? As multiple closed-loop
anaesthetic delivery systems are being tried in
tandem (inching toward a comprehensive system),
automation is a significant factor in the application of
CDSS.!” Selecting an operating room (OR) case-cohort
for data extraction, visualising datasets using in-built
graphing tools, executing in-client machine learning
(ML), and exporting data for external use are all
feasible through the use of a secure online Opal web
application.”! The automated data system explores
evidence-based peri-operative practices and aims for

ill-defined trends across several physiological data
streams and employs a fuzzy time-domain pattern
matching method known as fuzzy trend templates.

Nomenclature

The terminology used for data analysis—software
and hardware—needs to be understood [Table 1].M41%
When delivering anaesthesia, the doctor must remain
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Table 1: Nomenclature

1. Management information systems (MIS) are defined as “a
codified computer information system that can combine data from
numerous sources to give managers the information required to
make decisions”®*!

2. Anaesthesia information management systems (AIMS) are
specialised electronic medical records networks that allow the
anaesthesia document to communicate with hospital medical
information registries!®!

3. Artificial intelligence is defined as the study of algorithms that
give machines the capacity to reason and perform activities such
as problem-solving, object and word recognition, inference of world
states, and judgement making!"

4. Data mining refers to the process of analysing data in search
of hidden patterns. Data mining techniques enable the discovery of
previously unknown links or sequences in data sets, the clustering
of data points, and the display of connections between data points
and the ability to make predictions based on previously unseen
patterns!

5. Machine learning (ML) is the process by which the collected
data is analysed by the computer which develops models to
predict outcomes without explicit programming. The data that could
be fed to the system could be of high volume which would be
beyond the limits of processing by the human intelligence. ML can
further be classified into three types namely supervised learning,
unsupervised learning and reinforcement learning”

6. Supervised learning is a goal directed process where the
program is trained to predict a pre-determined outcome. It requires
training data to be fed into the system which analyses the
relationship between the input and desired output

7. Unsupervised learning refers to programs or algorithms that
identify the specific pattern or structure in a given set of data.
This learning is used to identify newer relations and methods for
classifying drugs

8. Reinforcement learning involves feedback from the outcome
which influences the algorithm continuously to make future
predictions. The feedback includes both the successful and failed
predictions by the algorithm.

9. Block-chain can be thought of as a digital database because it
keeps data in an encrypted digital format. Block-chain technology
is novel because it eliminates the requirement for a trusted third
party while also ensuring the integrity and security of a recorded
transactiont”

10. Computer decision support systems (CDSS) are software
tools that help doctors make diagnostic and therapeutic decisions
in patient care. These tools match the characteristics of an
individual patient to a computerised clinical knowledge base, make
patient-specific evaluations and then present recommendations for
consideration?+2

vigilant for extended periods to identify the earliest
signs of problems. If an issue has been discovered, it
must be addressed as soon as feasible. As a result, it
would be beneficial if automated decision support for
anaesthetic monitoring was made available, and this is
where AL, CDSS, ML and block-chain technology (BCT)
play an important role.l*”!

MACHINE LEARNING

One of the most essential components of Al is ML.
ML is a process by which the computer analyses
the collected data, which develop models to predict
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outcomes without explicit programming. The
methods and algorithms involved in ML include
fuzzy logic, classical ML, deep learning and Bayesian
methods. Fuzzy logic provides for the possibility of
partial truth (numerical value between 0.0 and 1.0),
whereas standard logic allows for concepts of either
actual (numerical value of 1.0) or false (numerical
value of 0.0). A fuzzy logic system is a rule-based
system, and it is being used in control systems.5”!

Deep learning utilises a neural network for processing
the data. The neural network processes signal in layers
which includes computational units. These networks
are made up of an input layer, a hidden layer and an
output layer, which are interconnected. The data fed
through the input layer is processed mathematically
in the hidden layer, and the predictions are passed on
to the output layer. Modern deep learning involves
more than one hidden layer to propose more complex
patterns. A convolutional neural network (CNN) is a
form of deep understanding that can process data on
multiple arrays and is ideal for analysing sequential
data. In contrast to classical learning, where the data
are hand-crafted, deep learning learns from the fed
data. It is the most common and highly advanced part
of Al in anaesthesiology.”! Opal is the first documented
example of a full-stack platforms infrastructure
designed for ML in anaesthesia, setting the way for a
variety of potential clinical applications in areas such
as data mining, medical simulation, high-frequency
predictions and quality improvement.?!

How artificial intelligence works?

Al can aid the anaesthesiologist in the peri-operative
period in risk stratification, prediction of difficult
airway, checking the completeness of the pre-operative
checklist and suggesting the appropriate antibiotic.
The role of Al is extensive in the intra-operative
period, including dexterity-based function, drug
administration, monitoring and risk prediction. The
first robotic human tracheal intubation was done
by Kepler intubation system in 2012 with a success
rate of 91% achieved in 93 seconds.!!! From that time
onwards, the need for robotic intubation increased for
securing the airway during the golden hour of trauma
by a trained physician from a remote location which
is associated with lesser complications. A remote
robot-assisted intubation system was developed
with this ideology in mind and achieved a higher
success rate in animal studies."” Recently, automated
intubation robotic system (AIRS) was introduced
during the coronavirus pandemic to intubate the
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patient safely and protect the medical staff who operate
it from a remote location thereby avoiding exposure to
infection. AIRS consists of a teleoperation platform,
two co-robot arms, a multifunctional laryngoscope,
force sensors and multiple cameras.!**

Drug administration during the intra-operative period
can be titrated to maintain the depth of anaesthesia
and haemodynamics. Depth of anaesthesia can
be controlled by pharmacological robots, which
range from open-loop to closed-loop anaesthesia
delivery system (CLADS). A simple example is the
target-controlled infusion (TCI) pump which is a
computer-controlled delivery system device and
maintains a steady plasma concentration.¥! ScanNav
is a revolutionary Al that assists the anaesthesiologist
in peripheral nerve blocks by highlighting and
colouring essential anatomical components in
real-time ultrasound images. A review of the efficacy of
ScanNav in modern practice revealed that it enhances
training for non-specialists and instruction for
specialists in the field of ultrasound-guided regional
anaesthesia (USGRA).'*'1  Artificial intelligence
enhanced ultrasound (AI-US) has been found to
be more effective than conventional ultrasound in
performing a central neuraxial block by identifying the
anatomical structures, automatically estimating the
depth of the epidural space, calculating the point of
needle entry and angle of insertion and shortening the
duration of block. Thus, there are many applications
of Al in clinical anaesthesia practice [Table 2].[8:10.15-26]

THE NEW ERA OF COMPUTER-BASED DECISION
SUPPORT SYSTEMS-

The earliest computer-based CDSS date back to the
1970s. They were time-consuming, had poor system
integration and were used only for academic purposes
most of the times.[! Presently, CDSS frequently employ
web-applications or interaction with electronic health
records (EHRs) and computerised provider order
entry (CPOE) systems. They can be administered
through desktop, tablet or smartphone, as well as
additional devices such as biometric monitoring
and wearable health technologies.! CDSS have
frequently been identified as knowledge-based or
non-knowledge-based systems. The knowledge-based
systems are instrumental in retrieving relevant
data to evaluate the rule and produce an action or
output.”! The evidence upon which rules are made
may be literature-based, practice-based or even
patient-directed. The non-knowledge-based systems
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Table 2: Artificial intelligence in perioperative care setting
Pre-anaesthesia care

1. Peri-operative risk stratification

a. American Society of Anesthesiologists physical status risk
stratification!®
b. My surgery risk!'®'7
c. Al to detect post-operative delirium with pre-operative risk
factors!'®
2. Prediction of the difficult airway by using facial picturesl'®2%
3. Checking the completeness of the pre-operative check-list!?"!

4. Suggesting the appropriate pre-operative antibiotic by Clinical
decision support systems (CDSS)#!

5. Telemedicine in pre-operative period?"
a. Pre-anaesthetic assessment (Tele-PAC) through telemedicine.

b. Pre-operative patient education
(smoking cessation and initiating respiratory exercise)

Intra operative period
1. Al-enhanced ultrasonography
a. Enhanced needle tip visualisation!'>'4

b. ScanNav highlights and colours key anatomical structures in
real timel'214

c. Epidural space identification!''4
2. Robotic intubation
a. Remote robot assisted intubation system (RRAIS)®!
b. Automated intubation robotic system (AIRS)!'%
3. Drug Administration
a. Open-loop anaesthesia delivery system; Target controlled
infusion (TCI)i"™
b. Closed loop anaesthesia delivery system (CLADS)?2
I. Single input single output systems (SISO)
II. Multiple input and multiple output systems (MIMO)
i. Depth of Anaesthesia
ii. Haemodynamic management
a) fluid administration
b) Vasopressors administration
c) Inotrope and vasodilator administration
4. Monitoring
a. Smart alarm system with enabled CDSS?!
5. Risk prediction!?*25!
a. Al based early detection of acute kidney injury in the post-
operative period
b. Al predicting post-operative mortality following cardiac surgery
Post operative care
1. Post-operative pain management®
a. To assess severity of post-operative pain from the facial
expression of the patients

b. Wireless intelligent patient-controlled analgesia (Wi-PCA)
2. Predicting postoperative opioid use in opioid-naive patients
3. Postoperative fluid administration
4. Monitoring of daycare surgery patients through telemedicine

rely on the interplay of AT and ML, or statistical pattern
recognition, rather than being programmed to follow
current medical knowledge. The Clinical Establishment
(CE) Act and Rules (2012) of the Government of India
mandate all clinical establishments based upon a
high court ruling, to maintain and provide the EHR
of every patient as may be determined and issued
by the central or state government as the case may
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be.’’ The computing infrastructure required, the
necessity for machine-process able patient data which
is increasingly being facilitated by the EHR and the
changes to existing workflow that may ensue make
designing and deploying such systems a challenge.
Despite these hurdles, there is strong evidence from
trials in a variety of clinical contexts that CDSS assist
doctors in providing better care to patients.>7'!

Role of computer decision support systems in
anaesthesiology

The benefits of using CDSS include the ability to
influence anaesthesia-related decisions at the point of
care, better access to the full range of available patient
data and pertinent clinical knowledge.®% Applications
in anaesthesia care of CDSS have focused mainly
upon some focused areas of consideration, such as
altering the ventilation parameters, peri-operative 3
blockade, antibiotic administration, blood pressure
management, administration of post-operative nausea
and vomiting (PONV) prophylaxis and decreases in
anaesthesia agent use by low flow anaesthesia. Sentinel
achieved a 95% alarm sensitivity and a corresponding
90% specificity for many conditions (inadequate
analgesia, malignant hyperpyrexia, failure of cardiac
output, relative and absolute hypovolaemia, high
intracranial pressure and pulmonary shunt) that it was
programmed to diagnose.?’ CDSS can possibly help
in assessing intra-operative blood loss, intravascular
volume status, assessment of depth of anaesthesia
and many others. They may help in transformation
of accepted clinical guidelines into dynamic and
usable tools for managing specific patients in real
time and facilitate improved collection of patient care
information to track outcomes. Several studies have
shown that CDSS improve care by choosing the best
treatment for the patients.*! For anaesthesiologists,
CDSS translate into fewer medication or drug
errors and adverse events.”! They ensure that the
anaesthesiologists adhere to the recommendations
and guidelines for proper patient care and better
defence against possible medicolegal litigations.
Pre-operatively, these may assist in ordering only
the essential investigations, prevent duplications
and suggest cheaper medication or treatment options
if available which have cost-implications for the
patient and the hospital. These systems may help
provide real-time diagnostic suggestions based on
patient data, automating output from the test results
obtained. Automated documentation and auto-filled
records also help reduce the daily workload of the
anaesthesiologist.
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ANAESTHESIA INFORMATION MANAGEMENT
SYSTEMS

How does the management system work?

The primary goal of Anaesthesia Information
Management Systems (AIMSs) remains the creation
of an electronic anaesthesia record by automatically
capturing data from devices such as patient monitors
and the anaesthesia workstation and allowing the user
to manually document a wide range of data, including
but not limited to: administered medications,
fluids and blood products; clinical events such as
anaesthesia induction, patient positioning and lines
placed; and required documentation for billing or
regulatory guidelines (standard operating procedures).
Most AIMSs include pre-operative patient assessment
documentation tools ranging from a simple data entry
form with free-text fields to in-depth questionnaires
with system-based assessments. Patient information,
including allergies, medications and procedure
details, can be put into the pre-operative evaluation
and intra-operative record utilising an AIMS that
has access to or is integrated with the hospital’s EHR
system. Pre-operative AIMS modules require the
capacity to analyse the patient’s anaesthetic history,
write a review of systems and physical examination
and record the assessment and plan.!*”!

Anaesthesia information management systems in
clinical decision-making

The application of AIMS is associated with several
advantages [Table 3]. Many peri-operative processes
can be improved with the help of AIMS-based
clinical decision support, which includes a wide
range of alerts, reminders and notifications designed
to alter the behaviour of anaesthesia professionals.

Table 3: Advantages of Anaesthesia Information
Management Systems
1. Facilitates pre-anaesthetic evaluation through the retrieval of
previous records and the addition of new data for future use,

2. Ensuring patient safety and reducing medication errors,

3. Assistance with medicine dose calculation, administration
reminders, and documentation of adverse drug events,

4. Reduction of anaesthesia drug costs and use of real-time
clinical decision assistance in anaesthesia practice,

5. During anaesthesia, the development of risk management
methods and the detection of essential key events,

6. Display of crucial algorithms and instructions, such as Basic
Life Support, Advanced Cardiac Life Support, trauma treatment,
poisoning management, management of medical and surgical
complications, etc.

7. Augmentation of clinical research and multicentre studies,
. Time saving and
9. Enhanced precision

[o2)

149

Page no. 157



Gupta, et al.: Recent advances in system management

These include fixing OR location errors, reducing
the risk of intra-operative hypothermia, resetting
alarms following cardiopulmonary bypass, improving
compliance with medications, preventing PONV and
antibiotic prophylaxis.®*!

Difficulties in implementing anaesthesia information
management systems

Several difficulties have been cited as reasons for
avoiding AIMS, including reluctance to forsake
paper records, unreasonable costs of installation
and maintenance, the distraction of anaesthesia
practitioners, medicolegal issues, and opposition to
changes in clinical practice. AIMS deployments incur
large expenses; however, the return on investment is
contingent on an institution’s financial, billing and
management procedures.

Role of Block-Chain technology in system

management

Due to its strong fault tolerance, immutability and
privacy safeguards, BCT has considerable potential
in the healthcare, pharmaceutical, health insurance
and genomics industries. Most medical records are
stored centrally at hospitals or in a regional health
data warehouse. In response to the rising need for
using medical data and the technology’s inherent
advantages, a novel block-chain-based architecture
for medical data storage is proposed. The data,
communication, consensus and application layers are
the four basic categories of architecture. To guarantee
the immutability of patient data, hash functions are
used to generate mapping pointers that can be used as
proof-of-work in the development of chains connecting
blocks containing patient data. The healthcare supply
chain uses an asymmetric encryption technique for
transmission.”

The system’s overall reliability and redundancy are
both enhanced by the use of distributed data storage.
Through the use of many nodes and the distribution
of multiple accesses to the data, BCT lessens reliance
on a centralised internet server and protects against
the potential of a catastrophic failure at the central
H server point. When applied to the healthcare
industry, cutting-edge information technologies like
the Internet of Things, big data, cloud computing
and Al can completely revamp the status quo in the
healthcare industry, leading to better quality care that
is also more accessible and personalised for patients.
Every technical advance is like a coin with two
sides (positives and limitations) [Table 4].[#
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Table 4: Technology- two aspects of the coin

Positive aspects
1. Efficiency is enabled by cutting-edge computer software and
hardware technology, network connection technology, and
information processing technology
2. CDSS has been found to effectively cut medical expenses
for patients, minimise hospital stays, strengthen standardised
operations, and aid in the diagnosis and treatment decisions
made by clinicians
3. The system takes into account the concept, structure,
equipment selection, manufacturer’s response and maintenance
capacities, and the spare part availability to ensure that the
chance of failure of the information system is minimised
4. There are back-up methods in case of any unforeseen issues.
5. Each patient is allocated a virtual machine in the data base,
and these virtual machines each provide a distinct set of data
services that can be made available to authorised service
users or entities in the web of things
Limitations

1. When it comes to healthcare, big data construction presents
the double whammy of data security and privacy concerns.

2. It is challenging to share medical data because of the
non- uniform data structure of medical records, the lack of
established data standards of electronic medical records, and
the inability of some hospitals to link their internal information
systems

3. Sensitive data leakage is a serious issue in the healthcare
industry, compounding a host of other issues related to the
collection, transfer, and use of patient information

4. The theft identity, and internet attacks are all new obstacles
that need to be overcome by the healthcare industry as it
moves toward more “smart” practices

5. Software Defined Network-based gateway also ensures
that only authorised entities may access the patient’s virtual
machine, functioning like a firewall

6. Cost of development

7. Ethical issues- Data ethics include obtaining informed consent
from the patients, maintaining the privacy of the collected
data and using it in the right situation to answer necessary
questionst4

8. Black box results are predictions which are made by an
algorithm for which it cannot provide information on how it
made such a prediction. This reduces the transparency of the
systemb

9. Although Al can identify patterns and co-relation between
variables it cannot establish the cause and effect relationship!®

10. Susceptibility to bias. Al algorithms are susceptible to implicit

and explicit bias. Sampling errors and lack of diversity leads
to explicit bias. Implicit bias arises from within the algorithm
11. Maintaining the quality of the collected data
CDSS:Clinical decision support system; Al: Artificial intelligence

SUMMARY

The  technical trends towards

non-invasive monitoring, system management and

automation,

decision support systems enabled by Al, telemedicine,
block-chain and electronic medical records are
showing progress into the realms indicative of an
exciting new chapter in anaesthesia practice. The
ability of Al to quickly shift through voluminous data
and patterns, much beyond human capability, makes
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it invaluable in monitoring the depth of anaesthesia,
maintaining drug infusion, predicting hypotension in
peri-operative settings, critical incident evaluation,
risk management strategies, antibiotic administration,
haemodynamic monitoring, PONV prophylaxis,
precise ultrasound-guided nerve blocks and a future
of possibilities which will entirely depend upon how
we embrace system literacy. This new ecosystem
under construct should not bring melancholy as it is
not about replacing our jobs, but rather providing us a
reprieve from repetitive monotonous tasks as well as
assistance in decision-making while reducing errors.
It is also imperative to add our inputs and dialogues
to mitigate bias in data and AI algorithms, identify
problems, and address the limitations of the hype
surrounding Al. BCT offers unique solutions to EHR;
however, the challenges of data security and privacy of
medical data remain a concern. A new tech revolution
is knocking at our operation theatre doors, the fate
of which will be decided by how human intellect
connects with Al
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The World Health Organization defines healthy ageing as ‘the process of developing and
maintaining the functional ability that enables well-being in older age’. This functional ability is the
characteristic of the individual’s own physical and mental status influenced by the environmental
and socio-economic factors. Preoperative preparation of the elderly patients includes functional
assessment to identify preexisting cognitive impairment or cardio-pulmonary reserve, frailty,
nutrition, polypharmacy and anti-coagulation issues. Intraoperative management includes
anaesthetic mode and pharmacology, monitoring, intravenous fluid and transfusion management,
lung protective ventilation and hypothermia. Postoperative checklist includes perioperative
analgesia, postoperative delirium and cognitive dysfunction.

Key words: Aged, frailty, geriatric assessment, perioperative care

INTRODUCTION

Advances in modern healthcare have improved the
life expectancy of the population and quality of life
of the elderly. With more number of aged people
getting admitted for various surgeries, anaesthetising
these patients has become a challenge and has laid the
foundation to a new subspeciality. Geriatric patients
represent a vulnerable group at higher perioperative
risk."" Hence, a standard perioperative approach needs
to be adopted in the geriatric patient with the help of
a multidisciplinary team. The primary goal should be
notjust survival but to provide an optimal quality of life
after the surgical procedure. The various physiological
changes seen in the elderly and the complications
associated with these during anaesthesia and the
recent advances for a comprehensive and safe practice
in geriatric anaesthesia are discussed in this article.

PHYSIOLOGICAL CHANGES IN THE ELDERLY AND
THEIR ANAESTHETIC IMPLICATIONS!?>4

Central nervous system
Ageing is associated with a progressive decrease in
brain mass with increased ventricular size. The cerebral

blood flow, cerebral metabolic rate and electrical
activity remain unchanged. The neurotransmitter
functions suffer due to decreased number of
receptors (acetylcholine, dopamine, noradrenaline,
5-hydroxytryptamine). Hence, there is a decrease in
minimum alveolar concentration (approximately 6%
by every decade) with increased sensitivity to general
anaesthetic drugs. Due to decreased Schwann cells,
there is an increase in the exposed nerve root distance
which increases block sensitivity. There is decrease
in the epidural space due to narrowing of the spinal
canal. Dural permeability also increases leading to
exaggerated effects during epidural blockade.

Cardiovascular system
Anaesthetic agents in elderly individuals remove
the baseline sympathetic tone. They directly
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depress the myocardial and vascular smooth muscle
contraction and diminish the baroreceptor reflex
leading to unpredictable responses. The changes in
the vascular compliance, myocyte death and receptor
responsiveness decrease the reserve and adaptability
to alterations during major surgical procedures.
Vascular ageing occurs with loss of elasticity of vessels
and stiffened arteries. Subsequently, pressure in the
aortic root increases during late systole resulting in
ventricular hypertrophy and impaired diastolic filling.
The venous compliance decreases and the stiff veins
are unable to ‘buffer’ changes in blood volume leading
to exaggerated changes in cardiac filling pressure
during volume shifts and increased susceptibility to
hypovolaemia.

In the heart, progressive myocyte death is seen with
increasing age. There is reduced number of sinoatrial
nodal cells with fibrotic infiltration of conduction
system. Ventricular hypertrophy may also be secondary
to cardiac muscle cell death. Ventricular contraction
may be impaired due to incomplete relaxation during
diastole secondary to myocardial fibrosis. Diastolic
dysfunction is the most common cause of heart failure
with preserved ejection fraction in those more than
75 years of age. Diastolic filling depends on high left
atrial pressure and atrial kick. Hence, tachycardia
and atrial fibrillation are not well tolerated. There is a
narrow range between inadequate filling pressure and
fluid overload (preload sensitive). Other changes such
as decreased beta-receptor responsiveness are also
observed.

Respiratory system

The elderly have altered respiratory mechanics and
less efficient gas exchange. The intrapleural pressure
increases because of increased lung compliance, stiff
thorax, decreased height and calcification of vertebrae
and diaphragmatic flattening. There is a decrease in
central nervous system (CNS) responsiveness that
causes blunted response to hypoxia and hypercapnia.
While the vital capacity reduces, there is an increase
in residual volume (reduced elastic recoil 5-10% per
decade), functional residual capacity (FRC), dead
space and closing capacity (CC). CC surpasses the
FRC leading to ventilation/perfusion (V/QQ) mismatch
and shunting. Limited maximal expiratory flow rate
response is seen during exercise. Additionally, there
is a reduction in the forced expiratory volume in one
second (FEV1) (6-10%per decade) and FEV1/FRC.
Blunting of hypoxic pulmonary vasoconstrictive reflex
occurs with a decrease in pulmonary capillary bed
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and increase in pulmonary artery pressure (30%) and
pulmonary vascular resistance (80%).

Decreased efficiency of gas exchange occurs due to
breakdown of elastin connections between connective
tissue and alveolar tissue. Poor tethering of lung tissue
to airways permits atelectasis and increases risk of
hypoxia and pneumonia. The smaller airways collapse
under anaesthesia, increasing shunting and dead
space. Preoxygenation before anaesthesia takes longer
time due to decrease in partial pressure of arterial
oxygen (PaO,) by approximately 0.4 mmHg/year.
[PaO, = 100 -(0.4 x age in years) mmHg].

Airway management in the elderly patient is
complicated due to diminished receptor sensitivity.
Stimulus threshold for vocal cord closure is increased
with blunted cough, laryngeal and pharyngeal reflexes.
A weak gag reflex with loss of oesophageal-gastric
sphincter tone predisposes the elderly to an increased
risk of aspiration.

Changes in other systems

In the kidneys, glomerulosclerosis occurs leading to
decreased glomerular filtration after 40 years of age,
i.e., 10% decrease per decade. The drug clearance is
decreased owing to reduced renal blood flow. Serum
creatinine is a poor indicator of underlying renal
function due to decreased muscle mass. Reduced
sodium conservation owing to reduced renin
aldosterone activity with raised anti-diuretic hormone
leads to hyponatraemia and hyperkalaemia. Certain
endocrine abnormalities such as hypocalcaemia,
osteoporosis, subclinical hypothyroidism with raised
thyroid stimulating hormone can be seen.

Significant changes are seen in the haematological,
musculoskeletal, gastrointestinal system and the skin.
Anaemia occurs due to immunosenescence, reduced
bone marrow production and spleen size, stem cells
ageing and erythropoietin resistance. Decreased
muscle mass and bone density, osteoarthritis,
osteomalacia, rheumatoid arthritis, gout, degenerative
joint disease and loss of disc along with fragile skin,
decreased skin elasticity and decreased subcutaneous
fat predispose the elderly to injuries during surgical
positioning. They are also prone for pressure ulcer
due to dehydration, poor circulation and nutrition.
Care during positioning and padding and securing a
proper venous access are crucial. Progressive deficit
in ability to sense heat and cold and reduced ability
to generate heat (reduced muscle mass for shivering
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thermogenesis) and dissipate heat make them prone for
hypothermia. This is further complicated by impaired
non-shivering thermogenesis due to decreased brown
fat.

Increased gastric acid secretion is seen in the elderly.
Decreased colonic motility leads to faecal impaction
and constipation. Hepatic tissue loss is approximately
40% by 80 years of age and leads to delayed drug
metabolism.

PHARMACOLOGICAL CHANGES AND ANAESTHETIC
IMPLICATIONS!?3!

There is reduced receptor number, increased receptor
sensitivity and postreceptor transduction in the brain.
Hence, geriatric patients have increased sensitivity to
anaesthetic drugs. Hepatic metabolism and renal drug
clearance is also affected. There is rapid equilibration
with the peripheral compartment due to decreased total
body water, and hence less dose of drug is required. In
the central compartment, there is decreased lean body
mass and albumin, causing raised peak concentration
and slower redistribution. Increased body fat accounts
for slow equilibration leading to prolonged drug
actions [Table 1].

Dose reduction is universally observed over all the
range of drugs. Thiopental causes profound drop
in blood pressure due to peripheral vasodilatation
with blunted baroreceptor reflex. Elimination
is delayed (half-life is 13-25 hours compared to
6-12 hours in the young). Hence, 25-75% dose
reduction should be done in geriatrics. Propofol
causes greater blood pressure fall than thiopental;
hence, titrated doses are recommended. However,
there is less postanaesthetic mental impairment.
A 30-40% reduction in bolus and infusion dose is
advised (induction dose 1.2-1.7 mg/kg). Etomidate is
desirable as it is haemodynamically stable; however,

50% dose reduction is needed. V/Q mismatch leads to
reduced rate of action of inhalational agents. However,
areduced cardiac output leads to rapid onset of action.
Increased volume of distribution leads to prolonged
recovery with highly lipid soluble agents (isoflurane
7 minutes). Lower lipid solubility as with sevoflurane,
desflurane is preferred as there is rapid depth control
and faster emergence (desflurane 5.4 minutes).
Minimum alveolar concentration of all inhalational
agents is reduced by 6% per decade after 40 years of
age.

Senile motor neuron degeneration with muscle
atrophy predisposes these patients to motor weakness
and exaggerated effects of muscle relaxants. Senile
cyclic guanosine 3’,5- monophosphate deficiency and
atypical extra-junctional acetylcholine receptor
proliferation is seen leading to risk of prolonged and/
or residual neuromuscular blockade resulting in
adverse postoperative respiratory events (hypoxia,
airway obstruction). Increased sensitivity to
succinylcholine can be due to reduced cholinesterase
levels. Sugammadex can be used to avoid delayed
recovery.

COMMON PERIOPERATIVE COMPLICATIONS IN
GERIATRIC POPULATION

Elderly patients require cautious care and support
perioperatively. The multiple comorbid conditions,
decreased functional status, decreased respiratory
reserve, frailty, neurocognitive decline, limitations
in mobility and polypharmacy place them at greater
risk.™

Cardiopulmonary complications

The diminished cardiopulmonary reserve leads
to exaggerated decline in blood pressure during
induction. Beta-blocked receptors, baroreceptor
dysfunction and decreased response to angiotensin

Table 1: Pharmacokinetic and pharmacodynamic properties of drugs in geriatric patients

Drug Pharmacokinetic

Pharmacodynamic

Thiopentone (85%reduction), Etomidate

Decreased initial volume of distribution (Vd). decreased

clearance (half-life 13-25 h versus 6-12 h in young)

Decreased clearance
Decreased clearance

Propofol, midazolam
Morphine (morphine-6 glucuronide)

Fentanyl, sufentanil, alfentanil

Remifentanil

Neuromuscular blockers
Dose unchanged

Neostigmine Dose unchanged

Reduced central compartment volume
Prolonged action of drug undergoing hepatic metabolism

Increased brain sensitivity

Reduced renal clearance
Increased brain sensitivity

Increased brain sensitivity
Increased brain sensitivity

More cardiac adverse effects
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II fail to counteract hypovolaemia. A retrospective
study of 8441 individuals undergoing general surgery
published in 2018 showed that age =65 years is an
important predictor of major adverse cardiac events
like atrial fibrillation and myocardial infarction.?!

Postoperative ~ pulmonary complications (PPCs)
increase with increasing age. In patients undergoing
non-cardiac surgery, the rates of PPC are 14% in those
aged =65 years.®! Postoperative hypoxaemia may occur
in 20-60% of these patients. Apnoea with interrupted
breathing, after administration of narcotics, and
postoperative pulmonary aspiration due to decreased
cough and swallowing reflexes, along with pulmonary
infections and atelectasis, are commonly observed.
Elderly patients have higher incidence of postoperative
sleep apnoea.

Central nervous system complications

In individuals =65 years, the prevalence of dementia
is 5-8%.! Data from a retrospective cohort published
in 2014 showed that geriatric population with hip
fractures and preexisting dementia were associated
with increased hazard ratio (2.49), risk of higher
mortality and poor prognosis.”! Preexisting cognitive
impairment is a predictor of postoperative delirium
(POD).[ Postoperative cognitive impairment leads to
decreased pulmonary hygiene and ambulation further
leading to morbidity in the form of pneumonia, deep
vein thrombosis and stroke. The impairments are
perceived in mood, memory, behaviour and motor
function.

Postoperative delirium and postoperative cognitive
dysfunction

Postoperative cognitive impairment affects 5-50% of
geriatric patients comprising of POD and postoperative
cognitive dysfunction (POCD). Delirium is acute
progressive alteration in cognitive function lasting for
few days to few weeks. Prevalence of POD is 10%. In
POCD, there is deterioration from baseline in cognitive
neuropsychological functioning lasting for months or
years. Incidence of POCD is 79% at 7 days and 12.7% at
3 months in non-cardiac surgery.™*! Aetiological factors
include drug interactions, alcohol abuse, electrolyte
abnormalities, longer duration of anaesthesia,
postoperative infections, second operations and
respiratory problems. No difference between regional
and general anaesthesia is noticed in the incidence
of POCD. Certain randomised controlled trials have
compared propofol and sevoflurane and found that
sevoflurane increased the incidence of POCD at 7 days
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and 9 months.® POCD carries an increased risk of
death at 1 year after surgery.’

The pathogenesis involves neuroinflammation,
micro-emboli and neuronal death. This leads to
cholinergic dysfunction. Recent evidence says
that the use of bispectral index (BIS) monitoring
to adjust anaesthetic doses to achieve a BIS value
between 40 and 60 or using auditory evoked potential
monitoring reduces cognitive dysfunction at 3 months
postoperatively." A meta-analysis of four studies
showed no correlation between depth of anaesthesia
and POCD.' Dexmedetomidine is recognised to
have neuroprotective effects and reduces POCD by
preventing inflammation, providing good analgesia
and CNS protection. In a meta-analysis by Yang W
et al.," which included use of dexmedetomidine
within general anaesthesia, POCD at day 7 was
lower in the treatment group. There are few studies
which provide evidence for the protective effect of
ketamine and the non-steroidal anti-inflammatory
drug parecoxib against POCD; however, the quality
of evidence is low and is limited by few number of
randomised controlled trials.[*?

Bone cement implantation syndrome

Femoral neck fractures comprise 50% of geriatric hip
fractures. In a study done by Tsai et al.," it was noted
that the cemented group had higher mortality than the
uncemented group. Male gender, older age and higher
score on comorbidity index (=1) were independent
determinants of increased mortality. Bone cement
implantation syndrome occurs due to release of cement
monomers into the circulation during cementing.
It occurs 4-6 minutes after cementing leading to
hypotension and desaturation. Some recent studies have
investigated the role of emboli formed, complement
activation and histamine release. Bone cement can
directly inhibit the myocardium leading to arrhythmias.
Due to the decreased cardiopulmonary reserve in the
elderly, there is risk of greater morbidity and mortality.

Other complications

Elderly patients are vulnerable to hypothermia due to
decreased basal metabolicrateand anaesthesia-induced
altered thermoregulatory mechanisms. Hypothermia
can lead to coagulopathy, increased blood loss, cardiac
ischaemia, arrhythmias, poor wound healing and long
hospital stay. As elderly have degenerative diseases,
giving an epidural and spinal is technically difficult.
They are susceptible to fractures and dislocations
while positioning. Polypharmacy leads to high rate
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of adverse drug reactions due to multiple interactions
and decreased renal and hepatic reserve. Frailty and
poor nutrition are associated with increased length of
hospital stay and assisted living postoperatively for a
long time.

GUIDELINES TO IMPROVE PATIENT SAFETY IN
GERIATRIC AGE GROUP

With recent evidence published on preoperative
screening of elderly patients for frailty and post
operative cognitive disorders, the perioperative
management in the elderly has witnessed a paradigm
shift by the introduction of safer alternatives and
algorithmic approach to already existing practices for
improved safety in the entire perioperative period.¢!
The newer concepts and modalities in the field of
geriatric age group are emerging.

Comprehensive geriatric assessment

The primary focus is to delineate and mitigate
the multiple negative factors in the preoperative
period and tailor an anaesthetic approach for
better patient-oriented outcome The
perioperative management of elderly patients (PriME)
recommendations has proposed a multidisciplinary
comprehensive geriatric assessment (CGA) model

measures.

encompassing the physical, functional, psychological
and social concerns, to frame decisions for favourable
clinical outcomes and functionality in the elderly
[Figure 1].'"! The home-based and in-hospital models
for CGA have been incorporated and demonstrated
to yield better results than the posthospital discharge
programmes, in hospital-based as well as outpatient
CGA consultation.!'™ Elderly patients exhibiting timed
up and go test result duration >20 seconds must
undergo a CGA evaluation. The former is a screening
test to evaluate propensity to fall and is a reliable and
strong mortality indicator.!*”!

Frailty assessment

Since frailty is a strong predictor of adverse
postoperative outcomes, the American
College of Surgeons National Surgical Quality
Improvement Program/American Geriatrics Society
(ACS NSQIP/AGS) advocates critical assessment by
using multiparametric frailty scales.*2U It is also
recommended to initiate multimodal prehabilitation
and assessment of functional and sensory deficits in
the immediate preoperative period.?*%

Airway management
Difficulty in mask ventilation and risk of aspiration
will require second generation laryngeal mask airway

Preoperative comprehensive geriatric assessment (CGA)

i

Physical and Systemic Evaluation

(High risk cases)

Elderly patients
> 65 years

Biochemical and ﬂ
haemgtolgglcal Tailor anaesthetic technique
|nves‘t|gat|0ns (| Peripheral nerve blocks with GA
Special Use depth of anaesthesia
investigations monitors (EEG based)
(if need be) Goal directed Fluid therapy

Restrictive transfusion therapy
Minimal invasive techniques
Adequate care while positioning

Intraoperative |:> Neurophysiological monitoring

Evaluate for frailty and falls (TUG test)

Assess comorbidities

Evaluate drugs (polypharmacy)

regarding start/ stop

Exclude anaemia, nutritional status

—> Assess sensory and functional deficits
Cognitive assessment

Assess for postural hypotension

/syncope

Initiate Prehabilitation, Ask about

social support

U

Identify risk factors (POD, falls, Pain)
Formulate anaesthetic Plan

Postoperative

Assess and manage pain
Assess and treat POD
Early mobilisation

Early feeding
Thromboprophylaxis

administration

Guideline consistent antimicrobial

Figure 1: Comprehensive geriatric assessment. GA — general anaesthesia, EEG — electroencephalogram, TUG — timed up and go. POD —

postoperative day
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over conventional mask ventilation. Preoxygenation
is mandatory. Limited range of neck movements
may necessitate the use of a flexible fibreoptic
bronchoscope.

Role of neuraxial/regional/peripheral blockade

Despite the conflict of preference between general and
neuraxial anaesthesia, the guidelines recommend the
use of the latter over the former in the elderly, wherever
possible.? Peripheral nerve blocks (PNBs) exhibit
opioid-sparing effect, provide adequate analgesia, risk
reduction in postoperative complications especially
pneumonia, improved mobility and reduced costs.
Use of PNB should be considered in patients with
underlying comorbidities, which also obviates the
need for stringent monitoring and thus leads to better
resource utilisation in this subset of patients./?”
Therefore, regional anaesthesia should be employed in
the intraoperative and in the postoperative period as
a part of multimodal analgesic techniques and use of
ultrasound is advocated for higher success and safety.

Opioid-free anaesthesia and enhanced recovery after
surgery

Opioid-free anaesthesia has shown a beneficial impact
on postoperative delirium in the recent clinical trial.*!
The enhanced recovery after surgery (ERAS) protocols
have also been extended to the elderly. These focus
on preoperative carbohydrate loading, goal-directed
fluid therapy and patient blood management system
with restrictive transfusion strategy (haemoglobin
<8 gm/dl).

Neurophysiological monitoring

Since sensory deficits have been reported to be the
most common cause of disability in the age group
of >60 years, use of intraoperative neurophysiological
monitoring with somatosensory evoked potentials,
transcranial electrical stimulation and free-run
electromyography (EMGs)/triggered EMG has been
advocated.?” It isrecommended to monitor the depth of
anaesthesia guided by the use of electroencephalogram
based monitoring systems (BIS or entropy) to avoid
deeper levels of sedation and also monitor cerebral
desaturation by regional cerebral oximetry in the
high-risk elderly population.

Assessment of pain in the elderly

Numerical rating scale or verbal descriptors are used
as aids for pain assessment in the cognitively intact
elderly patient. Pain in Advanced Dementia (PAINAD)
and Doloplus-2 scales may be employed in patients
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with underlying cognitive impairment. An innovative
electronic pain assessment tool, integrating automated
facial expression analysis with clinical behavioural
indicators, has recently been introduced and has
indicated excellent inter-rater reliability in patients
with dementia. The current recommendations
underline the importance of structured pain education
implementation amongst the healthcare providers for
the geriatric age group.®

SUMMARY

Elderly patients represent a vulnerable patient group at
higher perioperative risk. Treatment concepts should
include extensive preoperative assessment, structured
intraoperative procedures and postoperative in-patient
treatment pathway with adequate pain relief. Optimal
perioperativetreatmentrequirescloseinter-disciplinary,
inter-professional and cross-sectional collaboration to
minimise unwanted postoperative outcomes.
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