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Preface

What an immense honour.

The opportunity to help support Australasian Anaesthesia as the new
editor in chief is an inspiring challenge that | have thoroughly enjoyed.

| have the privilege of standing alongside an illustrious history of previous
editors, the most recent of which, Richard Riley, has stewarded Australasian
Anaesthesia to the respect it is now regarded with.

As of today, there is a new publication in the medical literature every 30 seconds.

One hundred and twenty new publications every hour. In a year, over a million new articles. If each article was only
a single page, stacked in a pile, it would reach over 105 meters in height. The speed and voraciousness of this
growth is easily overwhelming to the clinician who is simply trying to keep abreast of best practice. Yet here, today,
we ironically present a biennial publication. This unique format provides a platform to highlight diverse and unique
clinical advancements, challenges, and considerations that are curated to be relevant for the regional and temporal
nuances of our specialty.

2023 marks a point of continued emergence from a pandemic that has impacted us all in ways we are still
coming to terms with. Despite this, we have seen a steadfast commitment within our specialty to moving
forward and engaging. The engagement | have seen from our contributing authors and editors has enabled the
production of a wonderful compendium of articles, which we now are pleased to present to you.

To our editors who have since moved on since the previous edition, | would like to express my gratitude for your
efforts. The contributing editors, both past and present, were gracious with their support as | came on board.
The initial conversations with you provided fruitful insights and guidance that have been instrumental to the
changes we have made and are planning to implement.

I'd like to extend a warm welcome to our new editors, and specifically note the fantastic addition of two
new editors from Hong Kong. Their clinical expertise and local knowledge will provide greater diversity and
representation to the content we support and the readership we connect with.

As you, the reader, look through the articles that follow, I'd ask that you turn a lens to your own practice.
Consider your individual expertise. Reflect on the uniqueness of your clinical environment. The skills that you
refine and utilise each day are invaluable to your patients. The benefit from your culmination of knowledge and
its application can move beyond the bedside in front of you though. I'd encourage anyone with an interest and
an idea to contemplate producing an article for the next edition. Let us help you promote the ever-evolving
excellence within our speciality, across Australasia.

Finally, | cannot provide enough thanks to the amazing staff that have generated this year's edition. Liane
Reynolds (the operations manager for ANZCA's design and communications) has provided essential

support, feedback, organisational acumen, professionalism, and patience*. Siobhan Spence (ANZCA's digital
communications advisor) delivered unwavering assistance and meticulous diligence. Lastly, our designers
Elizabeth Short and Michelle Nightingale, and the ANZCA Library team including Laura Foley and John Prentice
supplied skills and knowledge that have laid the groundwork for many future advancements. Developing a
cohesive idea into a functional article is challenge enough for any of us. Coordinating, constructing, vetting, and
producing an edition of this size would be impossible without their teamwork.

Associate Professor Matthew Doane
Editor, Australasian Anaesthesia 2023

bluebook@anzca.edu.au

* As | write this, Liane and | are debating whether we need to reformat the Twitter logo in our finalised articles
(as the company has spontaneously decided to completely change it just 24 hours ago). Thanks, Elon.
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Edited by Dr Alex Yartsev

INTRODUCTION

Widespread social media is a defining characteristic of our times. Platforms such as Twitter, Facebook,
Instagram, Reddit and YouTube influence everything from presidential elections to the practice of regional
anaesthesia.”? Many professional organisations, including the Australian and New Zealand College of
Anaesthetists (ANZCA), use social media to raise their institutional profile and to undertake advocacy in policy
domains relevant to their strategic plan. Indeed, recognising that social media is a credible and acceptable
tool for communication and collaboration, ANZCA recently released a new social media policy to support
appropriate use of this technology by trainees and fellows.® However, attention has not yet been given to the
relevance of social media and free open access medical education (FOAM) to the scholar role in anaesthesia
training.

ANZCA trainees are expected to be self-directed learners who critically evaluate information and its sources.
Traditionally, anaesthetists have been able to develop these skills through face-to-face study groups, journal
clubs, grand rounds and conferences. However, changing work patterns, the impacts of Covid 19 and the
ubiquity of smart devices in their pockets have motivated many trainees to engage with online communities
of learning. Thoughtfully used, social media can allow trainees to identify key bodies of anaesthesia research
and evaluate supporting literature, in the company of like minds from diverse practice settings all around the
world. In doing so, trainees can emerge from their silos and interact with others in and beyond their in-person
life, creating and disseminating knowledge to professionals and lay audiences in the fullest expression of the
ANZCA scholar role.

In this paper, we will describe the utility of social medial and digital scholarship in anaesthesia training and
continuing professional development (CPD). We will summarise the literature examining the impact of social
media on postgraduate learning and explore how specialty training programs might evolve to incorporate digital
scholarship in the scholar role and CPD activities.
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A SHORT HISTORY OF SOCIAL MEDIA AND MEDICAL EDUCATION

A simple definition of social media is any platform that allows users to create and share content through virtual
communities. The concept of social media is nearly three decades old, with the earliest definitions emphasising
social media’s role as a conduit for users who were linked by existing friendships or common interests to
‘upload’ or ‘exchange’ material online. Contemporary understanding places greater emphasis on user-generated
content that may be shared broadly.

In the second decade of the 21¢ century, expansion of social media, combined with widespread availability of
broadband internet and smart devices, served as important enablers of the nascent Free Open Access Medical
Education (FOAM or #FOAMEd) movement.® As described by one of its early proponents, FOAM is a ‘globally
accessed crowd-sourced educational adjunct providing inline (contextual) and offline (asynchronous) content to
augment traditional educational principles’.®” Characterised thus, it can be seen that FOAM is a broad church,
spanning the continuum of scholarship from ‘corridor conversation’ to post-publication peer review.®

Initially, the FOAM paradigm was championed by a handful of enthusiasts and in the eyes of some educators
and clinicians, early resources such as Life in the Fast lane and Academic Life in Emergency Medicine (ALIEM)
were not at first considered worthy of scholarly credit. However, in the succeeding decade, there has been a
proliferation of FOAM providers who now constitute a diverse community of practice. Within this community, it
has become possible for clinicians to interact directly with investigators, as well as with translational educators
whose aim is to bridge the gap between research and practice. The massive increase in FOAM content has
necessarily created an ‘attention economy’ in which social media educators are incentivised to find more
sophisticated means of presenting information and more effective mechanisms for dissemination.®

Today, social media platforms are the primary medium for many specialists and specialists-in-training to share
ideas and experiences, translating knowledge into practice.® Recognising this reality, medical educators

have turned their attention from whether our andragogy should make use of social media, to how we should
best do so. Similarly, academic institutions are working to characterise the discipline of digital scholarship

to support practitioners becoming intelligent consumers of FOAM and for academics to claim appropriate
credit for their activities on social media. Guidelines on citing social media posts in traditional academic
publications are now routine.’*'2

SOCIAL MEDIA AND THE COLLEGE

Until recently, medical colleges and healthcare organisations have advocated an abstinence approach around
social media due to concerns that inadvertent ill-considered engagement could threaten the professional
standing of both the individual and their affiliated organisations. However, there has been a paradigm shift
where it is now acknowledged that social media is mainstream, that its use will continue to increase and that it
has many potential benefits. Not engaging carries greater risk, including a limitation on the impact of institutions’
ability to influence consumers, professionals, and decision makers. Most large organisations now have social
media policies which allow responsible engagement, but caution against the dangers. ANZCA launched its
first social media policy in 2022,% approving of engagement by members and explicitly acknowledging the
value of social media in ‘advocacy and awareness raising’. The document addresses several roles in practice
— communicator, leader, health advocate and professional, but its scope does not extend to consideration of
social media and the scholarship role.

The ANZCA social media policy is an important first step in promoting effective engagement of members in
the digital domain. In this paper, we consider how other medical institutions have addressed the challenge of
applying traditional principles of scholarship and professional development in the age of FOAM and how these
lessons could inform ANZCA's future efforts to support best practice engagement with social media.

TRADITIONAL MODELS OF SCHOLARSHIP

Academics have traditionally built their reputation through publications in peer-reviewed journals, invited
presentations at national or international conferences, or through acceptance of academic appointments

at prestigious educational institutions. These scholarly achievements are readily appreciated and can be
supported by established metrics such as an individual's h- or G-index. In recent years though, there has been
substantial discourse relating to evaluation of scholarly activities that previously went unrecognised, including
digital scholarship. This debate is particularly prominent in the United States, where promotion and tenure (P&T)
has traditionally been highly structured.

Theoretical models of scholarship have been developed to appraise traditional academic activities for faculty
development and promotion. Boyer's Scholarly Domains outline four broad fields of scholarship: discovery,
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the search for new knowledge; integration, bringing findings together from different disciplines or sources;
application, discovering new ways that knowledge can be used to solve real world problems; and teaching,
applying best practices to develop skills and disseminate knowledge.'® Subsequent authors have suggested
that effective educational scholarship is that which is peer-reviewed, publicly disseminated, and capable of
being built upon by others.™ On this basis, educational innovation and educational research has become more
widely recognised within the P&T system.™

Some models have moved beyond classification of scholarship to its evaluation. According to Glassick’s
Criteria, high quality scholarship has six characteristics: clear goals, adequate preparation, appropriate
methods, significant results, effective presentation and reflective critique.'®'” These features, or similar markers
of quality, would be familiar to anyone who has submitted a manuscript for pre-publication peer review. Taken
together with author- and publication-level metrics, these qualitative measures of academic output form the
basis for academic appointments in many countries. However, this process may not be well suited to evaluation
of digital scholarship.

EMERGING CONCEPTS OF DIGITAL SCHOLARSHIP

Digital scholarship is variously defined, but at its simplest, the term refers to digital dissemination of original
content, including research findings, teaching materials, enduring resources, commentaries, or other academic
products.'® Products of digital scholarship may be very similar to traditional media, such as online-only journal
publications; however, the digital landscape includes many new scholarly contributions, such as post-
production peer review journals,'® blogs,'® self-published online textbooks,* ‘tweetorials''*? and even virtual
hospitals.?® Digital scholarship has been embraced by academics, clinicians, and trainees alike, immensely
accelerating and broadening the dissemination of scientific information over the past 10 years. Ongoing growth
is facilitated by the ease of use and low cost of many online content sharing platforms.

In 2015, Sherbino and colleagues undertook a consensus conference to identify criteria for social media-based
scholarship in health professions education.?* Appositely, this hybrid meeting was partially hosted on Twitter.
The expert panel identified four key features that define social media scholarship (digital scholarship). It must
be original; advance the field of health professions education by building on theory, research or best practice;
be archived and disseminated; and provide the health professions education community with the ability to
comment on and provide feedback in a transparent fashion that informs wider discussion.

Building upon this theoretical foundation, Husain and colleagues developed consensus guidelines for digital
scholarship in academic promotion.'® They propose that academics begin by ensuring that the body of work
being considered meets the criteria of scholarship outlined by Glassick and Sherbino et al. Subsequently, they
suggest that content is evaluated with respect to its impact, reflecting the extent to which a person’s work
reaches its intended audience. They recommend that academics explain their role or ‘brand’ in the social media
landscape; helping to establish recognition by others of a scholar’s areas of expertise. Finally, their guidelines
put forward various metrics particular to social media that can help reviewers gauge the overall scientific rigour
and quality of a digital scholar’s work. In applying this framework, academics would demonstrate their role within
virtual communities of practice, citing the impact and quality of selected digital outputs.?*

Various methods have been proposed for measuring digital scholarship impact. These ‘altmetrics’ (alternative
metrics) are based upon the premise that scientific impact cannot be solely measured in terms of scholarly
citations, but that it should also consider the extent to which a work is seen, read, discussed, shared, and
stored.? The reach of social media content is easier to gauge than that of traditional media. It is not possible

to know how often a printed journal article has been read by others, if at all; or how many were in an audience
during a conference presentation. Authors can access data regarding pageviews, downloads and average ‘time
on page’.'® Every social media platform has its own impact metrics. For example, Twitter allows users to view
the number of times each tweet is seen (an ‘impression’), clicked on (‘an engagement’), and shared with others
in the form of ‘retweets’ and ‘likes’.?? In addition to overall audience size, which some consider the best measure
of digital scholarship impact, other metrics include geographic reach and number of followers from professional
social media accounts such as professional societies or educational institutions. Finally, just as some authors
may choose to highlight publications in journals that have a high Impact Factor, digital scholars can draw

upon metrics such as the Social Media Index (SMi), which ranks FOAM websites according to their Alexa
Rank, number of Twitter Followers and number of Facebook Likes. SMi correlates well with other measures

of educational resource quality and has been proposed as one tool to help creators and consumers of digital
scholarship identify the most reputable forums for online academic discourse.?5%”

Beyond demonstrating the impact or reach of discrete pieces of online content, individuals may benefit from
efforts to articulate their roles in digital scholarship, which ultimately contribute to a personal ‘brand’ within their
virtual communities of practice. Common roles include author of original content or commentary, editor, curator,
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reviewer and guest presenter. Role and impact may also be presented together as part of a digital scholarship
portfolio; for example, a clinician-academic might indicate that they are editor-in-chief of a clinical blog with
more than 5000 page-views per calendar month, which would represent an important role in a moderate-
impact organisation.?®

The impact of digital scholarship readily stretches beyond professional circles and academia. Dr Morgan
Edwards, obstetric anaesthetist at North Shore Hospital, Auckland and current president of the New Zealand
Society of Anaesthetists, utilised Instagram to disseminate critical health information to her 52,000 followers
during the height of the Covid-19 pandemic.?® One author (NS) can attest to parturients in their institution
describing how Dr Edward'’s educational social media posts allayed their fears and was the catalyst for their
decision to get vaccinated during pregnancy. If the ultimate aim of academic scholarship is to improve patient
outcomes and wellbeing, there is an argument that digital scholarship — which is accessible to patients — has a
far greater reach and more direct impact compared to traditional academic discourse hidden behind paywalls.

Digital scholarship is more readily produced than some traditional academic media. This low barrier to entry,
combined with digital scholarship’s apparent similarities to recreational social media, has raised scepticism
about the general quality of online content. Accordingly, several groups have endeavoured to develop direct
quality assessments for specific digital works.'® The emergency medicine community have contributed
significantly to this field of research. In 2014, the Academic Life in Emergency Medicine (ALIEM) collaborative
developed the Approved Instructional Resource (AIR) series to help specialist training programs incorporate
high quality digital scholarship as an aid to asynchronous professional development.?® The AIR scoring

matrix has five domains: the Best Evidence in Emergency Medicine (BEEM) rating scale, content accuracy,
educational utility, Evidence Based Medicine (EBM), and Referencing. Content for the AIR Series is sourced
from the SMi-50, a list of the top 50 FOAM sites, ranked by the Social Media Index. Other similar tools exist,
including several versions of the Medical Education Translational Resources: Impact and Quality (METRIQ)
score?*® and the Quality Checklists for Health Professions Blogs and Podcasts.®' The AIR Series is now widely
incorporated into US residency programs and it, along with the other aids to structured appraisal mentioned
above, typify the ongoing pursuit of academic rigour within the digital scholarship community.

BARRIERS TO EFFECTIVE DIGITAL SCHOLARSHIP

In the past decade, digital scholarship has expanded in scope and has acquired a more mature framework of
supporting educational theory. But the place of social media in academia and specialty education is still not
universally acknowledged. Barriers to acceptance must be explored by the digital scholarship community if it is
to continue to grow in legitimacy and influence.

One of the major criticisms of digital scholarship relates to the use of altmetrics. As described above, these
metrics allow us to understand how content is consumed by both professional and lay users. From this we

may draw inferences about the scholarly impact of a particular work, complementing the insights gleaned from
traditional bibliometrics such as citation counts and journal impact factor. However, like most indices, altmetrics
is susceptible to gaming. Authors may choose to blog or tweet about their own work or that of friends to carve
out a bigger stake in the economy of attention. This is no different to the practice of ‘self-referencing’ that
occurs in traditional academia. Additionally, some authors are concerned that social media popularity does not
discriminate between positive and negative attention 32 and that, to an extent, there is no such thing as bad
publicity in digital scholarship. Recent research has drawn inconsistent conclusions about the relationship
between social media activity and traditional markers of impact, such as citation counts, with some studies
finding that metrics such as Twitter activity are strongly correlated with citations,®*** while others suggest only
a weak association.® These legitimate concerns should motivate digital scholars to adopt holistic approaches
to evaluation of their academic output, clearly articulating their roles within relevant communities of practice and
incorporating various quality assurance tools alongside simpler measures of social media reach.

A related criticism of digital scholarship is that academics may not sharply demarcate their personal and
professional activities, and that popularity from one virtual community may lead to inflated social media impact
in online academic discourse, giving ‘undue’ prominence to their scholarship.®® A well-known researcher may
in short order tweet about their latest trial, their cat, the traffic, and international politics. Users initially attracted
by one post may then explore further and opportunistically engage with the researcher’s academic content. To
an extent, online interactions of this nature could be said to confer a competitive advantage on more digitally
extroverted researchers over less socially engaged but equally deserving colleagues. Equally, it could be said
that by establishing an online presence that is convivial and authentic, academics are setting the conditions
for engagement with lay audiences and creating opportunities for real-world translation of their scholarship.
Social media policy, such as that recently published by ANZCA, can help practitioners to achieve appropriately
balanced social media engagement, cultivating a personal brand that is both genuine and professional.
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Digital scholarship’s heterogenous approach to peer review may be confronting to some academics. While some
argue that peer-review is absent from FOAM and digital scholarship more generally, an alternative perspective is
that the commitment to peer review is unchanged and that practitioners employ a diverse range of approaches,
from traditional pre-publication review by deidentified external experts, to post-publication peer review via online
comments or question and answer sessions.'® Post-publication peer review enables rich interactions between
researchers with potential for corrections, clarifications, and generation of new hypotheses or research projects.'®
Responses to social media posts may act as a raw form of peer review, one that is unencumbered by hierarchy,
occasionally brutal in its assessment, and itself subject to further review by others.

There is an argument that the risk of disseminating specious research findings may be heightened in the
absence of a pre-publication gatekeeper. Even if egregious errors are identified early in the post-publication
period, it is possible that erroneous conclusions will already have been drawn by media or lay audiences, who
are now much more likely to encounter research findings incidentally as a component of their various social
media feeds. However, conventional peer review and editorial oversight does not prevent this occurrence in
traditional academic publishing. The Lancet took 12 years to retract the widely discredited paper falsely linking
autism to the MMR vaccine® and there are almost 300 retracted or withdrawn articles related to Covid-19
alone.®® The most robust approach is likely to be one in which digital scholars retain elements of pre-publication
peer review, even when their main focus is post-publication discourse, while traditional publishers seek
opportunities to engage with their readership in the period after articles are made available online.'®

Most social media platforms monetise their users’ presence to generate advertising revenue. Their primary aim
is not the propagation of academic discourse, but profit generation for shareholders. In-built algorithms are
unlikely to consider academic merit or social impact when selecting which posts to disseminate widely. Whilst
this is a valid observation regarding digital scholarship, it is no more concerning than exploitative elements

of traditional academic publishing, such as volunteer peer review valued at over $US2 billion annually,®® free
content generation, expensive institutional access fees to bypass paywalls, and profit margins higher than the
largest tech companies.*°

SOCIAL MEDIA AND TRAINING IN THE SCHOLAR ROLE

The ANZCA Roles in Practice outline the expected roles of a specialist anaesthetist and how they apply

to contemporary practice.*' Scholar role activities are intended to facilitate the development of trainees as
teachers and learners.*> Accordingly, trainees are expected to develop skills in critical appraisal of information,
as well as application of research evidence to specific clinical settings or problems. Key learning activities in this
domain include teaching a skill, facilitating a tutorial, critiquing a paper, and completing an audit. Additionally,
trainees are expected to engage with the anaesthesia community through attendance at regional meetings and
participation in quality assurance programs. Completion of scholar role learning objectives is supported by a
departmental scholar role tutor (DSRT) who assists trainees in planning and conducting each learning activity.

Importantly, both the ANZCA Roles in Practice and its ideological antecedent, the Canadian CanMEDS
Framework,*® aim to prepare trainees for contemporary practice. Evidence of this aspiration can be found in the
most recent revisions to the scholar role, which have deemphasised the historical concept of a formal project

in favour of a broader research literacy and audit skillset for most trainees.** However, our local curriculum
does not presently give weight to digital scholars who contribute to the body of FOAM, except in so far as
social media may be used for broader dissemination of previously submitted audit or research findings. The
CanMEDS Framework by contrast is presently under review in preparation for its next iteration in 2025%; social
media has been identified as an emerging theme for inclusion, both as a tool for clinical communication with
patients and for its role in teaching.

Trainees are presently faced with a superabundance of FOAM that is easy to access but inconsistent in quality.
The anaesthesia community has not yet developed mature resources such as the ALIEM AIR Series and
therefore the burden of appraising online content largely falls on trainees themselves. Even FOAM platforms
that may be viewed as reliable by specialists may not be suitable for trainees because of the relative paucity

of foundational knowledge included in many online resources.® This creates potential for trainees to assimilate
the views of those they follow, falling into the trap of eminence-based medicine and superficial learning.
Recognising this and the incomplete translation of traditional quality metrics to the digital arena, it could be
argued that educational institutions have a duty of care to specifically equip learners with the tools necessary to
develop as independent digital scholars.
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HOW MIGHT ANZCA SUPPORT GROWTH OF DIGITAL SCHOLARSHIP?

In this paper, we have explored the dramatic impacts of digital scholarship on medical teaching, learning and
research around the world. We have also established that digital scholarship cannot solely be appraised using
tools designed to evaluate traditional academic output. ANZCA has recently acknowledged the importance and
legitimacy of social media as a means of communication and advocacy. Consistent with this, ANZCA is now
ideally positioned to support appropriate use of social media across the remaining roles in practice, in particular
by championing a culture of digital scholarship among both trainees and fellows. We propose the following
practical initiatives for ANZCA to achieve this goal.

Acknowledge the role of digital scholarship and outline strategic priorities for developing this domain of practice
in the next iteration of the Social Media Policy. Social media platforms constantly evolve and current platforms
of choice may be replaced in the future, but the role of digital scholarship in education and training will only
grow. Institutions that fail to recognise and embrace digital scholarship risk being left behind and unable to deal
with the consequences of its impact.

Establish a process to allow recognition of digital scholarship within the ANZCA and FPM CPD Program. This
process could include development of a tool for appraising online content that considers the impact and quality
of each piece of work, as well as the role of the fellow in their virtual communities of practice.

Incorporate novel digital teaching and learning methods within the ANZCA Educators Program. Training in
development of high-quality blog posts, tweetorials, and infographics would allow enthusiastic educators to
engage with a broader community of learners than can be found in any one hospital or regional hub, creating an
enduring online record of their teaching.

Curate a collection of high impact, high quality FOAM in a manner similar to the ALIEM AIR Series. The
feasibility of such a body of work has already been contemplated in these pages by Juniper & Ganska (2019).4°
This may be done by the ANZCA Library or in collaboration with other anaesthesia training institutions. Other
activities may include producing educational material on how to optimise social media feeds to receive content
aligned with personal clinical or academic interests. Beyond any collection’s value as a repository of knowledge,
such a project would also develop ANZCA's reputation as a global leader in digital scholarship. It would also
be possible for trainees to contribute to this body of work as part of their scholar role activities, with appropriate
mentorship. An enduring and widely used resource produced through scholar role activities would demonstrate
that scholarship is an integral part of anaesthesia practice, rather than an activity undertaken by only a small
proportion of our colleagues.

Digital scholarship should be incorporated into the next revision of trainee scholar role activities. Trainees are
already using social media extensively to learn, teach, and mentor, and ANZCA has an obligation to develop this
scholarship with a higher degree of professionalism and academic rigour. Development of online exam revision
slide decks and tweetorials could readily be incorporated as evidence of scholar role achievement, as could
post-publication peer review activities and contributions to any future ANZCA curated collection of FOAM.

CONCLUSION

Our recent history has been marked by the many losses and compromises forced on us by the pandemic. For
many of us, the collegiality, belonging and growth of conferences and special interest meetings seems like a
distant memory. But with these challenges have come opportunities. ANZCA fellows and trainees who would
never previously have chosen to pursue asynchronous learning or online journal clubs have been exposed to
new forms of scholarship, and trainees have learned new ways to support each other remotely while tackling
training requirements. These experiences and ANZCA's steps to establish professional standards for other
forms of social media engagement have created an environment in which digital scholarship within our specialty
can expand and mature. Learning the lessons from overseas and capitalising upon our existing strengths in
research and education, ANZCA is now well positioned to help all fellows and trainees find substance in the
FOAM.
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INTRODUCTION

Design is interwoven into our lives, and we are all experts — to paraphrase Tim Brown, industrial designer and
CEO of the global design consultancy firm IDEO':

“Design is everywhere, inevitably everyone is a designer.”

And we agree! — in the sense that everyone is able to say “That looks good” or “I don't like the look of that!”
instinctually and quickly. Understanding this interplay between the designer and the user is critical in producing
cognitive aids that are effective.

There is an ongoing groundswell in the use of cognitive aids to assist clinicians in the time-critical and high-
stakes environment of acute care medicine. This article provides a practical overview on the principles of visual
design and its application in the development of these cognitive aids.

Well-designed cognitive aids are important contributors to safe and appropriate patient management in
complex clinical situations. However, designs that have been disadvantaged by time and production constraints
or other factors may be less clinically helpful.

We will share lessons that we have learnt within our non-profit organisation, Anaesthesia Cognitive Aids and
Research (ASCAR) — and we hope these are helpful to anyone involved, or interested, in the development of
cognitive aids.

DESIGN
Purpose
Design is about purpose.

“Design is a plan for arranging elements in such a way as best to accomplish a particular purpose.”
— Charles Eames, American designer (of Eames chair fame), architect, and filmmaker?

And, as such, the first question that must be asked and answered when designing something is “Why?". Why
are we doing this? To create a visual summary for a lengthy clinical practice guideline? To improve upon an
existing cognitive aid? To simplify a crisis management process? To incorporate recent updates in clinical
management?
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Content first

The next step in our process of designing a cognitive aid is the content. When the content has been
established, the necessary layout and visual design often flows naturally. Different designs will lend themselves
better to different situations, and it is much easier to experiment with moving things around when the content is
“locked in". That said, the content can be — and should be — edited and improved with new evidence and user
feedback.

This principle can be related back to the purpose of design. With the content established, the design process
is then about arranging elements in such a way to accomplish a particular purpose. This approach ensures that
the cognitive aid solves the problem that prompted its creation. A beautiful raincoat that doesn't keep out the
rain would not be considered great design, just as a perfectly waterproof raincoat that doesn’t allow mobility
would be considered poor design.

Respect

It is very important to be respectful when reviewing or updating existing designs. There must be an appreciation
of the time and effort invested in any creative endeavour. We feel very strongly in favour of viewing all previous
designs as a success — design is an iterative process, and getting a design “out there” for user feedback and
subsequent improvement should be appreciated.

We echo this quote from Michael Bierut, a renowned graphic designer and creator of the Verizon, Mastercard,
Billboard logos (among many other achievements):

“For all that, though, these are all deliberate decisions. So someone clearly designed
it, which is a cause for applause.”

— Michael Bierut, graphic designer, design critic, educator®

User feedback

The user experience is primarily shaped by both the form (aesthetics) and function (purpose) of the product

— but there are multiple secondary modulators, such as human factors and the specific context of its use.
Therefore, the interplay of form and function for any product can only be determined by releasing it to the
intended audience — for use “in the real world". Feedback should be actively requested, and barriers to its
delivery should be minimised (for example, a form on your website/a contact email). User research and product
feedback are very important tools in design — “just making things pretty” will not create great cognitive aids.

lteration and versioning

The advent of digital documents, and the movement away from physical print material has made the iterative
process much easier. At ASCAR, we version stamp our designs, initially with a “v1.0 2023" after the launch
product is achieved. Subsequent minor revisions, such as typos or minor text changes will have a “version
bump” to v1.1 and so on. Major revisions, such as significant content or layout changes — usually from user
feedback! — will be versioned to v2.0 and so on. In addition, if these assets are stored in the cloud, then a
generic URL (such as example.com/anaphylaxis-cognitive-aid) should be distributed to users. The document
can continue to be iterated upon, updated, and re-versioned — but the user always gets the most recent version
upon accessing that URL.

VISUALS

Fundamentals

Visual design and the principles of effective graphic design and communication are expansive topics that can
be daunting to tackle. One useful approach is to start with a set of design fundamentals, which include balance,
alignment, hierarchy, contrast, rhythm, proximity, colour, and space.*® There is infinite value in investing time and
effort into understanding and implementing these concepts into your designs. It is helpful to note that there are
a vast amount of online (both free and paid) resources available. Curated collections of these resources can
provide a useful list of higher quality options.®
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Layout

Some principles behind effective document layout are worth a particular mention:
. Don't overcrowd the design — use white space to create balance

= Use position and grouping to create visual hierarchy”

. Ensure consistent vertical and horizontal alignment — use the ruler and spacing tools of your chosen
design software program

Left-alignment should be used for both lists and paragraphs — the human eye scans down the left-hand side
when appraising a block of left-to-right text (a concept known as the F-pattern).®®

+ Left-aligned points + Centre-aligned points

* Are easy to read * Are less easy to read

* With short processing time * Require longer processing time
* Less eye scanning required * More eye scanning required

Colour

Colour theory is a huge topic, replete with confusing terminology such as hue, chroma, saturation, value, tone,
shade, tint — in addition to colour scheme concepts such as monochromatic, analogous, and complementary
colours.™ Here are our tips on effective colour management:

. Establish a specific colour palette of approximately 6 colours

= Technology can assist with colour decisions (for example, Adobe Color Wheel)'!
= Consider the emotion of colour — do you want to convey a bright or formal mood?

= Conventional colours can assist with cognitive association
- Red = neuromuscular blocking agents
- Purple = vasopressors/inotropes

Accessibility

Particular attention should be given to colour accessibility — ensuring that the contrast of colours between
the text and background is readable. Use online tools, such as WebAIM, to establish objective assessment of
contrast — all components should have a contrast ratio of at least 4.5:1."2

ACCESSIBILITY

Contrast Ratio Contrast Ratio
11.38:1 1.84:1



http://color.adobe.com
https://webaim.org/resources/contrastchecker/
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Typography

Typography is another complex area in visual design. A broad understanding of the terminology is important':
= Typeface — a family of fonts

. Font — a specific variation in weight and size of a typeface

= Typography — how text and letters are arranged within a design

While endless hours can be spent deliberating over typeface choices, here are some helpful principles for

effective typography:

= Use online tools to assist with your choices (for example, Typewolf)'*

= Sans serif typefaces (e.g. Arial / Helvetica) are cleaner and more legible than serif typefaces (e.g. Times
New Roman)

= Asingle typeface for a document is more effective than multiple typefaces (for example, one for headings,
one for subheadings, one for body text)

. Prefer simple fonts that are legible over novelty fonts that are playful

Icons

Icons can be a very effective method of assisting visual communication in a cognitive aid. They also introduce
visual interest and can help with creating intuitive sections within a layout. While we were fortunate at ASCAR
to have the resources to create our own library of icons, this is definitely not a necessity — there are many free
icon libraries available online. However, this did confer a unique and unified visual identity across our cognitive
aids, and we were able to create icons for more specialised medical equipment. Icons, with simple lines and
considered colours, can also create positive emotions and evoke a sense of joy — effects that influence human
performance significantly.

Some ASCAR airway icons
f | i . ETT, Video Laryngoscope, LMA
C C O = We chose blue for our “airway colour”
Some ASCAR custom icons
/_\ = Transport (ventilator and drugs)
Q O . Epidural catheter

=  EZ-I0

ASCAR logo

= Atri-coloured symmetric balloon to convey design,
ASCAR ASCAR creativity, and joy

Style guide

One of the most effective ways to establish consistent design with a cognitive aid — and between multiple
cognitive aids — is to create a visual style guide.'® This document becomes a reference repository of all the
visual design decisions that have been made, such as the colour palette, typography, and so on. Style guides
are often incorporated with broader organisational resources such as logos and mission statements.

TECHNICAL

Spelling and grammar

This is a non-negotiable. All professional documents should have correct spelling and grammar. Use a spell
checker — and address the red wriggly lines! Another tip: change your computer’s language settings to UK/
Australia (this will prevent incorrect spell checks using US spelling).
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Units of measurement

It is important to ensure that the units of measurement are written correctly — with reference to the International
Bureau of Weights and Measures (BIPM)'® and the National Institute of Standards and Technology (NIST)
Reference on Constants, Units, and Uncertainty.'” There are also excellent guides available from the Australian
government'® and the Cochrane community.'® Some important examples:

= Put one space between the numerical value and the unit symbol
- Correct: Paracetamol 15 mg/kg (max 1 g)
- Incorrect: Paracetamol 15mg/kg (max 1g)

= Degrees of temperature require a preceding space
- Correct: Cool patient to 38 °C
- Incorrect: Cool patient to 38°C

. Degrees of arc do not require a preceding space
- Correct: Turn the bevel 90°
- Incorrect: Turn the bevel 90 °

- Use correct case
- Correct: Fluid bolus 20 mL/kg
- Incorrect: Fluid bolus 20 ml/kg

. No plural “s” for units
- Correct: Adrenaline 1 mg
- Incorrect: Adrenaline 1 mgs

Drug names

Pharmaceutical drugs should be referenced using their generic names — use the Recommended International
Nonproprietary Name (RINN).2° While it is often recommended to use lowercase for generic names, and
Capital case for brand names,?' we have often used Capital case for generic names to improve visual clarity. As
always, choose one convention and keep it consistent across all your documents. Example:

= Correct: Draw up midazolam and fentanyl
= Our preference: Draw up Midazolam and Fentanyl
= Incorrect: Draw up Midazolam and fentanyl

Capitalisation and emphasis

It is important to adopt consistent usage of capitalisation.??

= Title Case: Management of Intraoperative Hypotension

= Sentence Case: Management of intraoperative hypotension

. Initial Case: Management Of Intraoperative Hypotension

= All Caps: MANAGEMENT OF INTRAOPERATIVE HYPOTENSION

We feel that Title Case is a very sensible choice for headings in cognitive aids. We also advise strongly against
using All Caps for any headings, because it reduces legibility and prolongs reading time.?®* Emphasis can be
more effectively achieved with the use of underline or bold or italic — but not in combination.

Legal

A disclaimer is a statement that denies legal responsibility. Most medical organisations will have a legal
disclaimer on their website to reduce the legal risk associated with producing clinical resources. While there
are many free templates available on the internet, we would recommend seeking formal legal advice to ensure
that this is managed appropriately.

A decision also needs to be made with regards to copyright and intellectual property rights to the cognitive
aids being produced. All the cognitive aids and resources we make at ASCAR are released under a Creative
Commons licence, which gives other people the right to share, use, and build upon those aids.?* The specific
licence we have chosen is termed Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND
4.0),% but it is important to decide upon a licence that is best suited to your individual circumstances.


https://www.typewolf.com/guides
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Language

Language must be used effectively when creating any visual designs. This is obviously a huge topic, and is

excellently covered by experts — such as The Elements of Style.?® Some practical points that we have learnt:

= Aim for brevity

= Omit the “articles of speech” (the / a/ an)

= With: Determine the cause

= Without: Determine cause

. Minimise tautology, for example, prefer “administer” over “rapidly administer”

= Prefer dot points over paragraphs or blocks of text

. Use a consistent and appropriate tone of voice

= Advisory statements (“consider Magnesium”) confer more legal protection than prescriptive statements
(“use Magnesium”)

A good example of how language can be confusing — a website about malignant hyperthermia contained

multiple different instructions for temperature management:

= Cool the patient to 38 °C

= Cool patient to 38 °C

. Stop cooling measures when temperature falls to 38 °C

- Cool the patient if core temperature is > 39 °C

. Stop cooling when the temperature has decreased to < 38 °C

We would advocate “Cool patient to 38 °C" for these (opinionated) reasons:

. It is the simplest sentence

= |t omits the article “the” — brevity without losing meaning

. “Cool” - focuses on the therapy, whereas “stop cooling” focuses on the cessation of therapy
= The word “temperature” is unnecessary

. The “greater than” (>) and “less than” (<) symbols add cognitive load

The careful and deliberate choice of language will elevate the performance of cognitive aids — and language
that is consistent and simple is equally important.

ASCAR
History

ASCAR (Anaesthesia Cognitive Aids and Research) was formed in 2019 at Royal North Shore Hospital in
Sydney, Australia, by Jessie Maulder and Daniel Zeloof when they were anaesthesia registrars, and later joined
by Daniel Moi and Dushyant lyer, with a goal of developing and refining high-quality cognitive aids to assist
anaesthetists in crisis management. During this process, we have had the privilege of working together with
many clinicians across many specialties, including anaesthesia, intensive care, emergency, surgery, and retrieval
medicine. There has been close collaborative work involved in developing these cognitive aids, as well as in
expert review for clinical governance. We are pleased that our cognitive aids have evolved to be used in the
wider critical care context, including medical education and clinical simulation.

We have been very fortunate to have had tremendous support and advocacy from our magnificent department
and colleagues at Royal North Shore Hospital. In addition to the clinical environment of a major tertiary referral
hospital, our department has always fostered a strong focus on human factors and non-technical skills in crisis
management, as well as an ongoing close affiliation with the Sydney Clinical Skills and Simulation Centre.?”

As a result of this ongoing team effort, we have been able to release cognitive aid booklets for
neuroanaesthesia, obstetric anaesthesia, paediatric anaesthesia, and trauma — as well as collections of aids
on airway management, cardiothoracic anaesthesia, general procedures, COVID-19, and human factors. All
our cognitive aids are presently available for free in our mobile iOS and Android applications, and we maintain
an active social media presence on Twitter and Instagram to maximise our contribution to the wider medical
community.
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Toolbox ideas

A common question that we get asked is what tools and software we use in our development pipeline. The tools
available to the designer change constantly, and we appreciate the broad variation in technical backgrounds

of people interested in developing cognitive aids. We champion the use of tools that are intuitive, easy-to-use,
and that facilitate collaboration. Our toolbox adapts to our needs, and we encourage this flexibility — from paid
subscription software from established players (for example, Adobe lllustrator, InDesign, Photoshop), to their
newer and free/freemium counterparts (for example, Canva, Figma, Google Docs, Draw.io).

Example of cognitive aid development

We thought it would be interesting to close with a closer look at the iterative process of one of our own
cognitive aids. Intracranial aneurysm rupture is a neurosurgical emergency, and we feel the development of this
cognitive aid provides a useful practical review of the areas we have addressed in this article.

. Design. The purpose of this aid was to provide assistance in the crisis management of a neurosurgical
emergency.

= Visuals. The overall simple layout has been retained, with the 3-sector centrepiece, a highlight panel
(Adenosine), and secondary panels (Blood, Controlled rupture, and Temporary Clip). Some changes
include a revised header and subheader, implementation of our new icons, and some adjustments in the
layout, balance, palette, and rhythm of the cognitive aid.

= Technical. The language has been modified to promote the active voice, and the spacing of the units of
measurement has been corrected.

= Overall. While the content has remained broadly the same (the content being the foundation of all visual
documents), we feel that the visual impact and user experience has been improved due to an (ongoing)
process of iteration and user feedback.

Uncontrolled ANEURYSM RUPTURE (OT) £
Ruptured Aneurysm in OT — .

Hands off 100% - Minimise Call for
Leader o2 nolse Halp

Consider
e o 3 Adenosine 24mg  surgeon requests Adenosine 24 mg E ﬁ E E
- . r .
- - MTP  cConsider activating  (ae to anstusel Blood Controlled Temporary Clip
- MTP activation if Rupture applied
“Controlled Rupture” (majority): If Temp Clip placed: severs ongoing « Aim SBP 90-120 « Alm SBP 140-160
h":"""g » Blood into OT * Burst suppression if
@ SBP 90 - 120 @ SBP 140 - 160 5 ::‘ ;I:: fank » Manlior losses duration > 10 min
@ Blood into OT T Thio 10mgJkg
0 cp e = 10 mimed L .
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Contact details

We are always available at hello@ascargroup.com and on Twitter and Instagram (@ascargroup) </ — drop us a
line!
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INTRODUCTION

Disease-modifying antirheumatic drugs (DMARDSs) have been used in clinical practice since the 1950s, when
hydroxychloroquine, azathioprine and methotrexate were made widely available for clinical use." Since the late
1990s, so called ‘non-conventional DMARDs' have emerged, including biologic DMARDSs such as tumour
necrosis factor inhibitors (TNFi) and monoclonal antibodies, as well as targeted synthetic agents such as
Janus kinase inhibitors (JAKI). The development of these agents was driven largely by the identification of key
molecular mediators that drive autoimmune inflammatory conditions encountered in the fields of rheumatology,
gastroenterology, dermatology and neurology.>® Although collectively referred to as ‘anti-rheumatic drugs’, these
medications have transformed the management of these autoimmune conditions.*® Examples of therapeutic
effects of these drugs include reduction of disease activity and structural joint damage in rheumatoid arthritis,*®
remission in patients with active ulcerative colitis,” and disease regression in psoriasis.® Common conditions
for the use of DMARDs are presented in Table 1. Biologic agents now dominate the Australian Pharmaceutical
Benefit Scheme charts for highest overall cost, and represent a significant proportion of the fastest growing
drug costs.?

Table 1. Common conditions

Gastroenterology Crohn's disease
Ulcerative colitis

Dermatology Psoriasis
Cutaneous sarcoidosis

Neurology Multiple sclerosis
Myasthenia gravis

Rheumatology Rheumatoid arthritis

Systemic lupus erythematosus
Ankylosing spondylitis
Psoriatic arthritis

Juvenile idiopathic arthritis

Increasing numbers of patients are presenting for both elective and emergency surgery taking conventional

and non-conventional DMARDs. These operations can be related to their autoimmune condition, such as joint
replacement in inflammatory arthropathies,® or abdominal procedures in inflammatory bowel disease,” but many
patients present for surgery for unrelated conditions.
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Perioperative management of patients receiving this diverse group of agents must navigate both consideration
of the underlying disease and complications that may result from the actions of the medications themselves.
There has long been a mechanistic concern that the immunosuppressive nature of DMARDs may increase the
risk of postoperative complications, including infection and poor wound healing. However, temporary cessation
of these medications in the preoperative period could lead to a disease flare, which might also increase
perioperative complications and lead to worse outcomes overall.

Most international guidelines mainly cover the evidence for use of DMARDs in the context of managing the
specific autoimmune conditions, with only a small section dedicated to perioperative considerations and
recommendations. The limited guidelines which have focused on the perioperative management of DMARDs
only cover specific conditions or surgical procedures.

We aim to present a narrative review of the existing guideline literature on the perioperative management of
DMARDs, highlight discrepancies between guidelines, and identify controversies in the recommendations.
Evidence will be summarised by the three major drug groups: i) conventional DMARDs, ii) biologic DMARDs,
and iii) targeted synthetic DMARDSs, with consideration given to the underlying pathologies and potential
surgical interventions.

EXISTING GUIDELINES

A total of 25 international guidelines were identified from a search of Ovid Medline, Google Scholar, and
Guidelines International Network between 2010 and 2023 (Table 2). While corticosteroids are a mainstay
treatment for many autoimmune conditions, this review will focus exclusively on DMARDs. Additionally,
this review will not cover the use of biologic agents as they apply to the treatment of cancer. Guideline
recommendations on the perioperative management of this group of medications are summarised below.

Table 2. Guidelines

YEAR TITLE & PROFESSIONAL ASSOCIATION

Gastroenterology

2023 Korean clinical practice guidelines on biologics and small molecules for moderate-to-severe ulcerative
colitis
Korean Association for the Study of Intestinal Diseases

2021 Preoperative Management of Gastrointestinal and Pulmonary Medications
Society for Perioperative Assessment and Quality Improvement

2020 ECCO Guidelines on Therapeutics in Crohn's Disease: Surgical Treatment
European Crohn’s and Colitis Organisation

2019 ACG Clinical Guideline: Ulcerative Colitis in Adults
American College of Gastroenterology

2019 British Society of Gastroenterology consensus guidelines on the management of inflammatory bowel
disease in adults
British Society of Gastroenterology

Dermatology

2020 British Association of Dermatologists guidelines for biologic therapy for psoriasis 2020: a rapid update
British Association of Dermatologists

2019 Joint AAD-NPF guidelines of care for the management and treatment of psoriasis with biologics
American Academy of Dermatology, National Psoriasis Foundation

2016 From the Medical Board of the National Psoriasis Foundation: Perioperative management of systemic
immunomodulatory agents in patients with psoriasis and psoriatic arthritis
National Psoriasis Foundation

2016 British Association of Dermatologists’ guidelines for the safe and effective prescribing of methotrexate
for skin disease 2016
British Association of Dermatologists
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Neurology

2022 Preoperative Management of Medications for Neurologic Diseases
Society for Perioperative Assessment and Quality Improvement

Rheumatology

2023 An Australian Living Guideline for the Pharmacological Management of Inflammatory Arthritis
Australia & New Zealand Musculoskeletal Clinical Trials Network, The Australian Rheumatology
Association, Cochrane Musculoskeletal

2023 Perioperative management of patients with inflammatory rheumatic disease. Updated
recommendations of the German Society for Rheumatology
German Society for Rheumatology

2022 Preoperative Management of Medications for Rheumatologic and HIV Diseases
Society for Perioperative Assessment and Quality Improvement

2022 Preoperative evaluation and perioperative management of patients with rheumatic diseases
UpToDate®

2022 2022 American College of Rheumatology/ American Association of Hip and Knee Surgeons
Guidelines for the Perioperative Management of Antirheumatic Medication in Patients with Rheumatic
Diseases Undergoing Elective Total Hip or Total Knee Arthroscopy

American College of Rheumatology, American Association of Hip and Knee Surgeons

2022 Perioperative management of disease-modifying antirheumatic drugs and other immunomodulators
Portuguese Society of Rheumatology

2021 Recommendations for psoriatic arthritis management: A joint position paper of the Taiwan
Rheumatology Association and the Taiwanese Association for Psoriasis and Skin Immunology
Taiwan Rheumatology Association, Taiwanese Association for Psoriasis and Skin Immunology

2019 Clinical Practice Guidelines. Management of Rheumatoid Arthritis
Malaysian Society of Rheumatology, Ministry of Health, Academy of Medicine Malaysia

2019 The British Society for Rheumatology biologic DMARD safety guidelines in inflammatory arthritis
The Biritish Society for Rheumatology

2019 2018 update of the APLAR recommendations for treatment of rheumatoid arthritis
Asia-Pacific League of Associations for Rheumatology

2017 BSR and BHPR guideline for the prescription and monitoring of non-biologic disease-modifying anti-
rheumatic drugs
The British Society for Rheumatology, British Health Professionals in Rheumatology

2017 2016 updated Thai Rheumatism Association Recommendations for the use of biologic and targeted
synthetic disease-modifying anti-rheumatic drugs in patients with rheumatoid arthritis
Thai Rheumatism Association

2015 2014 Update of the Consensus Statement of the Spanish Society of Rheumatology on the Use of
Biological Therapies in Rheumatoid Arthritis
Spanish Society of Rheumatology

2013 Recommendations for using TNFa antagonists and French Clinical Practice Guidelines endorsed by
the French National Authority for Health
French National Authority for Health

2012 Canadian Rheumatology Association Recommendations for the Pharmacological Management of
Rheumatoid Arthritis with Traditional and Biologic Disease-modifying Antirheumatic Drugs: Part ||
Safety

Canadian Rheumatology Association

ECCO: European Crohn's and Colitis Organisation; ACG: American College of Gastroenterology; AAD: American
Academy of Dermatology; NPF: National Psoriasis Foundation; HIV: human immunodeficiency virus; DMARD: disease-
modifying antirheumatic drugs; APLAR: Asia-Pacific League of Associations for Rheumatology; BSR: British Society for
Rheumatology; BHPR: British Health Professionals in Rheumatology; TNFa; tumour necrosis factor alpha.
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CONVENTIONAL DMARDS

Conventional DMARDs exert their effects on the inflammatory cascade through a range of mechanisms, leading
to a broad array of anti-inflammatory and immunomodulatory effects. Table 3 presents mechanistic-focused
categories of current DMARDSs and specific medications within each group.

Table 3. Categories of conventional DMARDs

methotrexate, 6-mercaptopurine, azathioprine, thioguanine,

Antimetabolites mycophenolate, leflunomide

Antimalarials hydroxychloroquine
Aminosalicylates sulfasalazine, mesalazine
Calcineurin inhibitors ciclosporin, voclosporin, tacrolimus

DMARDs: disease-modifying antirheumatic drugs.

Methotrexate and other antimetabolites

Antimetabolites exert their effect by preventing cell replication, though the exact mechanisms by which these
agents dampen the autoimmune response is still unclear."” Methotrexate and the thiopurines (azathioprine,
6-mercaptopurine, and thioguanine) are the main antimetabolites used in clinical practice for autoimmune dis-
ease. These medications act to inhibit nucleotide synthesis by enzyme inhibition, and some, like the thiopurines,
also inhibit lymphocytes.'?

Antimetabolite DMARDs are used for a wide range of autoimmune diseases including rheumatoid arthritis and
inflammatory bowel disease.

Of the 25 reviewed guidelines, 14 discuss the use of methotrexate in the perioperative period. All 14 guidelines
recommend continuing methotrexate in the perioperative period,®'®'%2* as studies have demonstrated no
increase in postoperative complications following abdominal or orthopaedic surgery with continuation,

noting that most published data is for patients taking low dose methotrexate (<15 mg/week).25% Six of

the 14 guidelines recommend temporary cessation for patients at risk of poor wound healing, however

this recommendation appears to be based on expert opinion.®'*'® The German Society for Rheumatology
recommend that patients taking high dose methotrexate (>20 mg/week) be given a temporary dose reduction
perioperatively, given the limited evidence of safety in these patients.'®

Five guidelines recommend perioperative continuation of thiopurines,'©'5232436 a5 studies have shown no
increased risk of postoperative infection,**® though two rheumatology guidelines recommend withholding
thiopurines for 1-2 days prior to surgery based primarily on expert opinion.'83°

Despite conflicting data regarding risk of postoperative infection with continuation of leflunomide in the
perioperative period,*®*® guidelines still recommend its continuation in this period.®'®'822 |n patients where
there is concern for increased risk of postoperative infection, such as prior prosthetic joint infection, washout
procedures to facilitate accelerated drug elimination, or withholding the medication prior to elective surgery may
be considered.?51820

Hydroxychloroquine

Hydroxychloroquine inhibits the activation of Toll-like receptors on the surface of endosomes, suppressing
production of tumour necrosis factor and reducing the release of pro-inflammatory cytokines.** It is a first-line
treatment for systemic lupus erythematosus (SLE) and is also used in rheumatoid arthritis and antiphospholipid
syndrome. Seven of the reviewed guidelines explored the perioperative management hydroxychloroquine, and
whilst there is little safety data on perioperative continuation of hydroxychloroquine, all guidelines recommend
continuation, especially given its half-life of 45-50 days, except where there is a history of severe or recurrent
infection, or QT interval prolongation.®'18-22
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Sulfasalazine

The mechanism of action of sulfasalazine and other aminosalicylates is not known, but is thought to involve
inhibition of cytokine synthesis and T-lymphocyte proliferation, as well as inhibition of leukotriene and
prostaglandin synthesis through cyclooxygenase and lipoxygenase.*®

Aminosalicylates are used in inflammatory bowel disease, rheumatoid arthritis, ankylosing spondylitis and
psoriatic arthritis. Guidelines recommend that aminosalicylates are continued perioperatively.''8

Cyclosporine and tacrolimus

Cyclosporine and tacrolimus are calcineurin inhibitors and used mainly in solid organ transplantation. Their use
in autoimmune disease is limited to being a third- or fourth-line agent, due to the risk of nephrotoxicity with long-
term use. Calcineurin inhibitors impair the transcription of cytokines, in particular interleukin-2 (IL-2) and tumour
necrosis factor (TNF).

Guidelines recommend perioperative continuation based on safety data from the gastroenterology and
neurology populations,'319172245

Patients with systemic lupus erythematosus

Perioperative management of people with SLE is complex. The American College of Rheumatology (ACR)
and American Association of Hip and Knee Surgeons (AAHKS), UpToDate® and Society for Perioperative
Assessment and Quality Improvement (SPAQI) recommend differential medication management based

on disease severity. For people with non-severe SLE (based on an absence and low risk of clinical and/or
serological flares), guidelines recommend withholding SLE medications for 1 week preoperatively including
mycophenolate mofetil, mycophenolic acid, cyclosporine, mizoribine, azathioprine and tacrolimus.®'92

In practice however, if a patient’s disease is difficult to control, specialists may elect to continue these
medications. For people with severe SLE (e.g. frequent flares, haemolytic anaemia, vasculitis, severe organ
impairment, or multiorgan involvement), guidelines recommend continuation of these medications.®'92222,
However, patients at high risk of postoperative infection (e.g. history of recurrent or severe infection, such
as prosthetic joint infections or sepsis), and with stable disease for more than six months, sometimes have
medications withheld. Even in these high risk situations though, hydroxychloroquine and methotrexate are often
continued.® Due to the wide range of disease severity and often complex decision-making required in this
cohort, consultation with a rheumatologist is mandatory.

BIOLOGIC DMARDS

Biological products are isolated from living cells or tissues in humans, animals, or microorganisms.*®*” Biologic
DMARDs are currently used to modulate the immune system through three main mechanisms*®:

1. Inhibition of cytokine function
2. Inhibition or depletion of lymphocytes
3. Inhibition of the complement system

Biologic DMARDs work through a variety of inhibitory pathways. These medications are collated by their
general and specific pathways and targets, in Table 4.
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Table 4. Categories of biologic DMARDs

Mechanism of action Example medications

Inhibition of cytokine function

TNF inhibitors adalimumab, certolizumab, etanercept, golimumab, infliximab
BlyS-specific inhibitor belimumab

IL-1 inhibitors anakinra, canakinumab, rilonacept

IL-6 inhibitors tocilizumab, sarilumab, satralizumab

IL-17 inhibitors brodalumab, ixekizumab, secukinumab

IL-283 inhibitors guselkumab, risankizumab, tildrakizumab, ustekinumab (IL-12/1L-23 inhibitor)
IFNART1 inhibitor anifrolumab

Inhibition or depletion of lymphocytes

CD20 inhibitors rituximab, ocrelizumab, ofatumumab, ublituximab

CD19 inhibitor inebilizumab

CD52 inhibitor alemtuzumab

CD80/86 inhibitor abatacept

Integrin inhibitors vedolizumab, natalizumab

Inhibition of the complement system

C5 inhibitor eculizumab

DMARDs: disease-modifying antirheumatic drugs; TNF: tumour necrosis factor; BlyS: B-lymphocyte stimulator; IL:
interleukin; IFNART: interferon alpha and beta receptor subunit 1.

Inhibitors of cytokine function

Cytokines are small proteins released from a variety of cells and form an integral part of cell signalling and

the immune response. Examples of cytokines relevant to biologic DMARDSs are tumour necrosis factor (TNF),
B-lymphocyte stimulator (BlyS), interleukins (IL), and interferons. Anti-cytokine medications are commonly the
first biologic DMARD class used for many rheumatological, gastrointestinal and dermatological conditions, and
they function to reduce the autoimmune-mediated inflammatory response that characterise these conditions.

Infliximab is a TNF inhibitor (TNFi) and was the first biologic DMARD approved for use by the United States

of America (US) Food and Drug Administration (FDA) in 19984 and in Australia by the TGA in 2000.%° Since
then, four additional TNFi have been developed. Infliximab, adalimumab, certolizumab, and golimumab are
monoclonal antibodies against TNF, and etanercept is a fusion protein of IgG and TNF receptor fragments.®’
TNFi agents exert their effect by neutralising TNF, a key proinflammatory cytokine released by white blood cells.
TNFi are used in inflammatory bowel disease, rheumatoid arthritis, and psoriasis. Additionally, belimumab is a
BlyS, belongs to the TNF superfamily and is an inhibitor used in SLE to try and target the B-cell dysfunction
commonly observed with the disease.

IL inhibitors such as anakinra (first approved by the FDA in 2001) inhibit ILs or IL receptors. These are used in
rheumatoid arthritis, giant cell arteritis, systemic sclerosis, psoriasis, and inflammatory bowel disease.

Finally, in the last two years, the US and Australia have both approved anifrolumab, an interferon receptor
inhibitor for the treatment of moderate to severe SLE.

There is mainly low quality, conflicting evidence regarding whether cytokine inhibitors should be continued
perioperatively. As a result, international organisations have produced different recommendations assessing
similar evidence. When organisations recommend perioperative cessation, they generally recommend that
surgery be scheduled at or after the next dose of biologic was to be given, or after 3-5 half-lives, to allow
sufficient time for washout of the biologic agent prior to surgery. Dosing cycles are dependent on the drug,
indication, and patient.
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Gastroenterology

The European Crohn'’s and Colitis Organisation (ECCO) recommends that TNFi and IL inhibitors be continued
in patients with Crohn'’s disease undergoing abdominal surgery, even with primary anastomosis.®® This
recommendation is based on a multicentre prospective cohort study and meta-analysis demonstrating no
increase in surgical site infection or anastomotic leak.5%%

Conversely, the British Society of Gastroenterology recommend that TNFi be discontinued, where possible,
prior to elective surgery, and ask that clinicians consider the presence of fistulae, abscesses, anaemia, low
albumin and corticosteroid use when deciding™. These recommendations are based on six positive meta-
analyses and systematic reviews (versus one negative review®®) showing greater risk of infectious complications
with biologic continuation.?”%*%° The SPAQI also recommend withholding TNFi for at least one dosing interval
before surgery (more so for patients with Crohn's disease'®%?), but base their recommendations on the
American College of Rheumatology (ACR) guidelines.?®

Similarly, Korean guidelines recommend that patients with moderate-to-severe ulcerative colitis continue TNFi®
based on previously cited studies, and other retrospective data demonstrating no increase in postoperative
complications.586%6¢

Dermatology

The British Association of Dermatologists (BAD) recommend perioperative cessation of biologic agents®’ to
reduce the risk of postoperative infection, while American and Taiwanese guidelines recommend an approach
based on surgical invasiveness, with cessation for moderate-to-high risk procedures, but continuation for
low risk procedures.'®'7¢® |t is important to note however, that most of the studies relied upon in dermatology
were underpowered and recommendations ultimately relied on expert opinion and concern for disease flare.
Consideration of commencement of methotrexate or cyclosporin in the perioperative period has also been
suggested to prevent disease flare when biologics are withheld.'3'”

Rheumatology

All rheumatology guidelines recommend that TNFi be withheld perioperatively in patients with inflammatory
arthritis®16:18.19.2122:396978 \yjth the exception of one.?® This latter guideline recommends considering temporary
cessation only if individuals are at a high risk of infection, or if the impact of infection would be severe. As

with dermatology, most studies used to form the guidelines have been of low quality, without adjustment

for known confounders, and have unsurprisingly produced conflicting results. Several studies and meta-
analyses demonstrate an increase in risk of infections if continued in the perioperative period.”*®' Others have
demonstrated no significant association with postoperative complications.?*#2- Studies of length of cessation
prior to surgery have failed to show any outcome differences.?%°’

There is limited evidence regarding the perioperative management of IL inhibitors. Registry data has
demonstrated no association between biologic washout time and postoperative complcations,® yet nine
guidelines recommend that IL inhibitors be withheld.®822233969.707393

The ACR and AAHKS guidelines state that if disease is difficult to control, and that symptomatic relief from
the surgery outweighs the risk of postoperative infection, rheumatologists may elect to continue TNFi and IL
inhibitors.®

Inhibition or depletion of lymphocytes

These biologic agents inhibit or deplete the number of lymphocytes by using inhibitors of lymphocyte surface
antigens, which are labelled according to cluster of differentiation (CD) such as CD20, or the integrin
transmembrane receptors.

Rituximab is a monoclonal antibody against CD20 that was first approved for use by the FDA in non-Hodgkin's
lymphoma in 1997, and later for rheumatoid arthritis in 2006. CD20 inhibitors are now used in rheumatoid
arthritis, some forms of vasculitis, SLE, antiphospholipid syndrome, multiple sclerosis and myasthenia gravis.
There are a number of other lymphocyte antigenic targets used for drugs in current use including CD19
(inebilizumab), CD52 (alemtuzumab) and CD80/86 (abatacept). The first two are used primarily for neurological
disorders while abatacept is used for rheumatoid and psoriatic arthritis.

Integrin, the transmembrane receptor, provides another fruitful target for inhibition. Vedolizumab and natalizumab
are receptor antagonists used for inflammatory bowel disease and multiple sclerosis.
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Rheumatology

For patients with inflammatory arthritis, guidelines have generally recommended perioperative cessation of
biologics including rituximab and abatacept for at least one dosing interval prior to elective surgery,®9:21:2239.70.73
with the caveat that rheumatologists may elect to continue biologics if the risk of disease flare outweighs the
risk of postoperative infection.®

Given the paucity of quality data, and long rituximab dosing interval of 4-12 months, other guidelines
recommend just scheduling surgery 3-4 months following the last infusion, but at least four weeks prior

to the next infusion.'®2%22 One guideline also suggests to consider measuring and treating preoperative
immunoglobulin levels if required, particularly in patient populations with a high risk of infection or history of
recurrent infections, as low immunoglobulin levels increase the risk of infection.®

Neurology

Rituximab, ocrelizumab and ofatumumab are used in multiple sclerosis (MS) and myasthenia gravis, and
alemtuzumab is used in MS. SPAQI recommend continuing these perioperatively,?* but do concede that the
recommendation is based on expert opinion due to limited available evidence.

On the other hand, a few studies have demonstrated an increased risk of MS relapse within 6 months of
natalizumab discontinuation®*® so SPAQI recommend continuing natalizumab perioperatively with input from
the prescribing neurologist.?

Gastroenterology

Perioperative continuation of vedolizumab did not increase postoperative infectious complications following
colectomy in UC patients in smaller studies,?®® so ECCO recommend continuation,®® but larger studies
are needed to validate this. SPAQI recommend withholding vedolizumab and natalizumab for at least one
dosing interval prior to surgery, however this recommendation was based on the ACR recommendations on
ustekinumab.?®

SLE

Patients with well controlled, non-severe SLE are sometimes permitted to cease biologic treatments such as
belimumab, with close monitoring for disease flare, but for patients with poorly controlled or severe SLE, it is
often recommended to continue biologic treatment, in consultation with the patient’s rheumatologist.®223°

Should rituximab be withheld in patients who have severe SLE, there are concerns regarding risk of disease
flare and organ damage, particularly as the medication has a long dosing interval. Therefore, rituximab should
not be withheld in patients with severe SLE, and instead, surgery should be scheduled towards the end of the
dosing cycle in month five or six.*??

Inhibition of the complement system

Finally, eculizumab, an inhibitor of complement protein C5 is used in neuromyelitis optica and some variants of
myasthenia gravis.

SPAQI recommend continuing eculizumab perioperatively,?* based mostly on expert opinion.

TARGETED SYNTHETIC DMARDS

The third category of DMARDs are targeted synthetic drugs which inhibit intracellular enzymes that form part
of the transduction pathway for the proinflammatory response, in particular the cytokine inflammatory response.
While fewer in number than the biologic agents, categories of synthetic DMARDs are presented below, in
Table 5.

Table 5. Categories of targeted synthetic DMARDs

‘ JAK inhibitors baracitinib, tofacitinib, upadacitinib, deucravacitinib

| PDE4 inhibitor apremilast

DMARDs: disease-modifying antirheumatic drugs; JAK: Janus kinase; PDE4: phosphodiesterase-4.
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JAK inhibitors

Janus kinases (JAK) are intracellular tyrosine kinases that act as second messengers from the cell surface
cytokine receptors. JAK inhibitors (JAKI) are simple chemical structures with highly specific targets, effectively
acting as inhibitors of cytokine pathways and, unlike biologics, can be given orally. They have relatively quick
onset times and short half-lives, meaning they are often taken once or twice daily. JAK inhibitors are used in
patients with rheumatoid arthritis, psoriatic arthritis, spondyloarthritis, ulcerative colitis and atopic dermatitis.

Guidelines suggest ceasing JAK inhibitors at least three days prior to surgery to allow for washout® 7192278
Previously, guidelines recommended withholding tofacitinib for seven days prior to surgery due to concerns
about the long duration of immunosuppression, despite its short serum half-life?'*°°. However, recent evidence
has shown a more rapid reversal of tofacitinib’s immunosuppressive effects following interruption of therapy,
resulting in a change in recommendation.' If JAK inhibitors are not withheld, these agents may diminish or
eliminate the acute phase response, so it is important to closely monitor for infection, even if inflammatory
markers remain within normal limits.

PDE4 inhibitors

Apremilast is a phosphodiesterase-4 (PDE4) inhibitor that leads to an increase in intracellular cyclic adenosine
monophosphate (CAMP), and subsequent decrease in both immune cell activation and proinflammatory
cytokines. It is used in patients with psoriatic arthritis, plaque psoriasis and oral ulcers associated with Behcet's
disease.

Of the 25 reviewed guidelines, five discuss the perioperative management of apremilast. One guideline is not
able to make any firm recommendations,” stating there is insufficient evidence. The remaining four guidelines
recommend continuation of apremilast perioperatively, unless the patient’s past history indicates an increased
risk of postoperative infection.®819.22

RECOMMENCEMENT OF THERAPY

Following surgery, all guidelines are conservative in recommencing biologic and JAK inhibitor therapy. For
example, the American College of Rheumatology recommends that biologics should only be restarted “once
the wound shows evidence of healing, any sutures/staples are out, there is no significant swelling, erythema, or
drainage, and there is no ongoing nonsurgical site infection, which is typically ~14 days after surgery”.® These
recommendations are however, based on low quality studies and expert opinion.

While there is likely an optimal duration of interruption to therapy that provides a balance between a lower
risk of infection, good wound healing, and reducing the risk of disease flare, the current literature provides
insufficient evidence to make definitive recommendations.

CONTROVERSIES

Research into the optimal perioperative management of biologic and targeted synthetic DMARDs significantly
lags against the pace of their rapid development and widespread therapeutic adoption. The knowledge gap is
reflected by the paucity of available evidence and the varied recommendations seen between guidelines and
indications.

For example, the American College of Rheumatology recommends that patients with conditions other than

SLE, undergoing total hip or knee replacement surgery, should have surgery scheduled at the end of a biologic
DMARD dosing cycle, with the next dose of the biologic withheld. This recommendation is based on low quality
studies and expert opinion.

However, the European Crohn’s and Colitis Organisation (ECCO) guidelines do not recommend cessation of
biologic DMARDs for patients with Crohn's disease having abdominal surgery, based on a meta-analysis of 18
non-randomised studies and a prospective cohort study.>?

These guidelines are both disease-specific and surgery-specific. It remains unclear whether the patient taking
infliximab for rheumatoid arthritis having abdominal surgery should follow the rheumatology advice to stop
infliximab, or the gastroenterology advice to continue infliximab, or conversely, which guideline the patient taking
infliximab for Crohn’s disease having a joint replacement should follow. Since both guidelines are based on

low quality evidence, it is difficult for the perioperative medicine practitioner to make much sense of the current
evidence base.
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Management of these patient cohorts have not featured prominently in the emerging field of perioperative
medicine. This is likely due to a combination of factors, including the perceived complexity of these patients,
lack of familiarity with novel immune medications, and perhaps because other comorbidities (such as
cardiovascular issues) command more attention. Regardless of the reasons, raising the profile of these patient
groups is important to ensure that the perioperative risks they face can be minimised through individualised
perioperative management and promotion of new research to investigate best practice.

SURGICAL PROCEDURES

The risk of infection and poor wound healing varies with the surgical procedure being undertaken. There is

a clear difference in risk between a patient undergoing a gastroscopy or small bowel biopsy, compared to a
patient having an oesophagectomy or bowel resection. Yet, most guidelines that advocate for perioperative
cessation of DMARDSs, do not clearly outline which surgical procedures constitute major surgery with a
substantial risk of postoperative infection and/or wound breakdown. There is certainly no high-quality evidence
to guide these decisions. Three guidelines have attempted to define high surgical risk with statements such
as “surgical procedures during which the respiratory, gastrointestinal, or genitourinary tract is entered” or
where “there is a major break in sterile technique, pillage from the gastrointestinal tract, or an active infection
or devitalised tissue”.'®'"¢® One guideline recommends the consideration of prophylactic antibiotics should
the patient undergo high-risk or emergency surgery.”" Another guideline recommends prophylactic antibiotics
in oral surgery due to the increased risk of bacterial contamination.’® However, mitigation strategies against
postoperative infection when immunomodulatory drugs are continued (such as prolonged antibiotic use, using
an alternative surgical approach, or selectively improving the immune response to infection) have not been
investigated, to our knowledge.

The guidelines discuss patients who are generally at an increased risk of infection, however, do not further
stratify against specific factors such as age, active disease, tobacco exposure, obesity, nutritional statues,
diabetes, vascular disease, or other comorbidities. These factors also need to be taken into consideration when
deciding whether to continue or withhold their DMARDs.

PATIENT-CENTRED, MULTIDISCIPLINARY, PERIOPERATIVE MANAGEMENT

Given the uncertainty about best practice in DMARD management, and the potential significance of outcomes
relating to underlying disease control or surgical risk, it is important that perioperative decision-making involves
the patient and their treating specialists. Patients taking these medications may have experienced life-altering
changes in their chronic and often debilitating disease and are likely to be motivated and engaged with their
healthcare providers.

Decisions should consider the severity of their underlying disease and any comorbidities that may increase

the risk of infection or wound breakdown including diabetes, vascular disease, obesity, and tobacco exposure.
Informed consent should consider the potential risk of disease flare, postoperative infection and poor wound
healing, as well as a presentation of the limited evidence base and expert opinions about optimal medication
management and timing of surgery. Patients and practitioners may benefit from the use of tools such as a
likelihood-consequence matrix to develop a shared understanding, not only of technical risks, but outcomes that
each party considers important.

The specific input of treating specialists for the underlying disease should be sought, especially for complex
patients, as they likely have unique knowledge of the individual patient, their disease course over an extended
period, and likely have experience managing similar patients in the perioperative period. These discussions

are best had early in the perioperative journey, ideally at the time that surgery is first contemplated, providing
sufficient time to optimise, plan and consider the implications of changes to the management of these complex
chronic conditions, including timing of surgery in relation to drug administration cycles.

CONCLUSION

In summary, conventional DMARDSs can be continued perioperatively for most patients, with a small number
of exceptions (e.g. a history of poor wound healing). For targeted synthetic DMARDSs, apremilast can be
continued in the perioperative period for most patients, whilst JAK inhibitors should be ceased three days prior
to surgery, for most patients.

Perioperative management of biologic DMARDs remains an area with large knowledge gaps and significant
disagreement between expert groups. Rheumatology and dermatology guidelines lean towards withholding
biologics perioperatively, neurology guidelines advise continuation, and gastroenterology guidelines are
conflicting.

A narrative review of the perioperative management of DMARDs 33

As we have highlighted, the conflicting advice between guidelines can be attributed to the heterogeneity of
patient populations, wide variety of therapeutics being studied, range of surgical procedures being studied, and
the paucity of high-quality data to guideline decision making. In this context, individualised decisions made in
consultation with treating specialists that consider the unique circumstances of the patient, the severity of their
underlying condition and the specifics of the surgical intervention will remain paramount.

Additional studies are needed to investigate the optimal management of biologic DMARDs in the perioperative
period, however, we acknowledge the challenges of conducting research on this heterogeneous group of
drugs, patients and pathologies. While existing guidelines typically reflect the interests of specific cohorts of
patients with unique disease pathologies, it is hoped that accumulated observational and trial data will create
the opportunity to undertake a more systematic review and develop broader multidisciplinary consensus
guidelines to inform the perspective of the perioperative medicine practitioner.
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INTRODUCTION

Rheumatic heart disease (RHD) is a complex manifestation of social inequity. It is a life-long burden and, in
Australia, affects predominantly young First Nations Australians. It is endemic in the Northern Territory (NT),
with a rate of disease 26 times higher than the rest of Australia." Despite intensive primary and secondary
prevention, it is not a disease of the past, with episodes of acute rheumatic fever (ARF) continuing to increase
in the NT. Of those suffering an episode of ARF, 50% will develop rheumatic heart disease within 10 years, of
which one-third will be severe. With episodes of ARF occurring almost exclusively in children, this translates
to the majority of subsequent heart disease occurring in those aged 15-44. Females are consistently over-
represented in this population leading to a disproportionate burden of disease in women of childbearing age.?

As the tertiary referral centre in the Northern Territory, the Royal Darwin Hospital is in the unique situation of
managing a relatively high volume of obstetric patients with rheumatic heart disease, often from the most remote
locations in Australia. Up to 2-3% of First Nations women who become pregnant in the NT have some form

of RHD, and many have had previous valve interventions.® This presents not only the challenge of managing
valvular heart disease in pregnancy and the peripartum period, but also in a way that addresses different
concepts of health and the additional complexities of distance, language, and culture.

CARDIOVASCULAR CHANGES IN PREGNANCY AND LABOUR

Pregnancy is a dynamic physiological process with significant alterations to the cardiovascular system. These
changes are driven by the endocrine effects of progesterone, the addition of the parallel placental circulation,
and the response to flow-metabolism coupling in the presence of increased metabolic demands. There is up

to a 50% increase in cardiac output (CO), primarily due to an increase in blood volume, heart rate (HR), and

a steady decrease in systemic vascular resistance (SVR).* A physiologic anaemia of pregnancy occurs due to
an increase in blood volume in excess of the concurrent increase in red-cell mass. This reduces blood viscosity
and resistance to blood flow.® The predominant haemodynamic state is hypervolaemic, hyperdynamic, and
vasodilated. The net effect is decreased systolic blood pressure (SBP). These changes peak in the 28" week of
pregnancy.
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At the time of first and second-stage labour (unassisted by anaesthesia), there is a sudden additional increase
in HR and CO due to the sympathetic activation from pain and autotransfusion of up to 500 ml of blood from
each uterine contraction. Valsalva manoeuvres during pushing decrease the preload and increase the afterload.®
Further autotransfusion occurs in the third stage from the placental circulation and unloading of aortocaval
compression. CO then reduces precipitously to pre-pregnancy levels within 24-48 hours.

These changes are often poorly tolerated in patients with rheumatic heart disease, particularly those with
stenotic valvular lesions and pulmonary hypertension, who struggle to cope with sudden increases/decreases in
the circulatory volume, diastolic filling, SVR, and CO. Anaesthetic interference, such as epidural analgesia, will
temper the more acute changes, while other interventions, such as rapid fluid administration or the induction of
a general anaesthetic, will add an extra level of complexity.”

MATERNAL AND FOETAL OUTCOMES IN RHD

Most of the evidence on outcomes in pregnancy in RHD comes from overseas, from low-income countries,
where RHD accounts for a greater proportion of obstetric cardiac disease. One of the largest prospective
datasets is from the registry of pregnancy and cardiac disease (ROPAC), which published outcomes for a
series of 390 patients with rheumatic mitral disease in pregnancy in 2018. In this series, the mortality rate
was 1.99%; however, nearly 50% of patients with severe mitral stenosis (MS) and 23% with severe mitral
regurgitation (MR) developed heart failure. In addition, severe MS was an independent risk factor for adverse
foetal outcomes.® Foetal outcomes in maternal cardiac disease are poor due to reduced uteroplacental flow
from obstructive left heart disease. This translates into low birthweight, preterm delivery, and higher rates

of neonatal intensive care admissions and stillbirth.° A recent 2020 systematic review of 12 studies had
similar findings, with mitral stenosis being associated with a 3% mortality rate, 38% rate of heart failure,

and independently associated with adverse foetal outcomes.' This is consistent with several other recent
publications where severe MS and pulmonary hypertension were independent risk factors for maternal
morbidity.*'"2 It should be noted that these outcomes are more pronounced in low income, low health literacy
settings where antenatal care is compromised, and resources are limited.''*

Australian data, limited in numbers, indicates a lower overall mortality rate but still significant morbidity and
adverse effects on the foetus. For example, recent retrospective studies in Western Australia (WA) and the NT
recorded no maternal mortalities, while two prospective studies recorded a mortality rate of 0.3-0.49%.%13.15.16

A retrospective review of RHD in pregnancy in the NT from 2010 to 2019 indicated at least 13 cases of RHD
in pregnancy being managed per year, with up to 25% of patients in the modified World Health Organization
(mWHO) class Il and IV risk categories (Figure 1).'” There were no maternal or neonatal mortalities in the
study. Ninety-one per cent of patients identified were from remote areas, and interestingly there was a relatively
high rate of postpartum haemorrhage (24%) relative to national data (5-15%)."® In our experience, the total
number of cases and representation of critical events are likely to be significantly underestimated due to
limitations in retrospective data collection. To our knowledge, we can recall specific patients in the time-period
of this review who suffered considerable morbidity, and this review should not give false confidence in the
management of these complex patients.

RISK STRATIFICATION OF RHD IN PREGNANCY

Many risk-scoring systems are available to classify the burden of cardiac disease in pregnancy (CARPREG
I, CARPREG I, ZAHARA).'2181° Of those available, the mMWHO classification®is considered to be better at
predicting maternal outcomes.?'?? It classifies maternal risk into four categories, with level | representing the
lowest risk of a maternal cardiac event (2.5-5%) and level IV representing the highest (40-100%). For level
IV patients, pregnancy is not recommended before surgical or interventional management of their cardiac
condition.

The mWHO classification applies to congenital disorders, aortopathies, and advanced procedures such as
heart transplantation. RHD Australia (an Australian government co-ordination unit aimed at controlling RHD/
ARF) has adapted the risk stratification to focus on the valvulopathies seen in rheumatic heart disease,
particularly the risk posed by differing severities of mitral valve stenosis and pulmonary hypertension.?®

Management during pregnancy and planning for delivery is guided by the mMWHO classification (Figure 1).
Level | patients can generally be managed in the community, with a single cardiology review and a local
delivery.?" Patients with a level Il classification require follow-up with bimonthly cardiology reviews and delivery
in a larger centre. Patients classified as level lll and IV (where termination has been declined) need monthly
cardiology review and accommodation within easy access to a tertiary centre, where delivery should occur. All
patients require some level of multi-disciplinary team (MDT) planning for delivery, which should involve shared
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decision-making with the patient and their family. For patients classified as level lll and IV, the MDT involves an
obstetrician and maternofetal medicine specialist, neonatologist, cardiologist, intensivist, and anaesthetist with
assistance from interpreters and Indigenous liaison officers (42% of First Nations patients use English as their
second language).?* The expansion of online platforms and telehealth in the NT has dramatically improved the
ability to facilitate these meetings and reviews, reducing unnecessary travel and keeping women in community
for longer.

Figure 1. Classification of RHD in pregnancy

Reproduced from the 2020 Australian guideline for prevention, diagnosis and management of acute rheumatic
fever and rheumatic heart disease®

RHD in pregnancy ‘

[if in doubt or borderline, refer to category with higher risk] ‘

Level | Level Il Level Ill Level IV

Low risk of mortality, low to moderate Elevated risk of maternal mortality or Significantlyincreased risk of maternal y high risk of
increased risk of morbidity moderate increased risk of morbidity mortality or severe morbidity or severe morbidity
Low risk (MWHO classification 1) Mild or suspected asymptomatic RHD & Mechanical heart valve Mitral or aortic valve disease with

antenatal booking visit >20 weeks

Mild left ventricular (LV) impairment
(EF>45% with no severe regurgitation or|

Moderate MS MVA 1.5-2.0cm? Pulmanary hyperiension
Severe MS (MVA <L.5vm?)

History of ARF with no carditis, or mild
mitral or aortic regurgitation

Severe asymptomatic AS

History of atrial arrhythmias (in absence
of significant valvular disease)

Mild or suspected asymptomatic RHD
and

Severe asymptomatic MR or AR
Moderate LV impairment (EF 30-45%)

stenosis and good functional capacity)
Bioprosthetic valves or previous PBMV
Mild mitral stenosis (MS)

BMI <35 & no significant co-morbidities Moderate aortic stenosis (AS)

Antenatal booking visit <20 weeks Moderate mitral regurgitation (MR) or

moderate aortic regurgitation (AR)
and
Not considered mWHO Il or IV

. . Risk of maternal cardiac event -
Risk of maternal cardiac event Risk of maternal cardiac event
5.7-10.5% (Level I1)

2.5-5% 19-27% 0-10
° 10-19% (Level II-11l) 40-100%

Risk of maternal cardiac event

|

Cardiacreview with

echocardiography, ECG Cardiac review within 2 weeks Urgent cardiac review Urgent cardiac review

T —

\ 1

Assessed as low-risk ‘

Assessed as intermediate risk

(Minimum) follow-up cardiac
review once or twice
Follow-up with maternity
service per protocol
Multidisciplinary care with
primary health & Aboriginal
health services, other as
required

(Minimum) follow-up cardiac
review each trimester
Follow-up with maternity
service per protocol
Multidisciplinary care with
primary health & Aboriginal
health services, other as
required

Check secondary prophylaxis

and RHD register
Dental check

Birth: local hospital

Conception counselling

Postpartum: check for cardiac

review

Assessed as moderate risk

(Minimum) follow-up cardiac
review bimonthly

Follow-up with maternity
service per protocol

Multidisciplinary care with
primary health & Aboriginal
health services, other as
required

Check secondary prophylaxis
and RHD register

Dental check
I
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Conception counselling:
cardiac + obstetric + primary
health teams

Postpartum: cardiac review

(Minimum) follow-up cardiac
review bimonthly or monthly
Follow-up with maternity
service per protocol
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maternal-fetal, primary health
& Aboriginal health services,
other as required

Check secondary prophylaxis
and RHD register

Dental check

(Minimum) follow-up cardiac
review monthly or as required
Follow-up with maternity
service per protocol
Multidisciplinary high-risk care
with anaesthetic, neonatal,
maternal-fetal, primary health
& Aboriginal health services,
other as required

Birth: tertiary centre with
cardiac, obstetric, anaesthetic
and intensive care expertise

|
Conception counselling:
cardiac + obstetric + primary
health teams
Postpartum referral to main
cardiac clinic as indicated for
managementand possible

cardiothoracic surgery
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Regarding risk stratification, two important clinical caveats are observed.

Firstly, the increase in cardiac output secondary to hypervolaemia will increase the transmitral valve gradient,
often without associated changes in mitral valve area (by planimetry).?® Therefore, it is not unusual for patients
with a mitral valve area (MVA) >1.0cm? to have a transmitral mean gradient >10mmHg later in pregnancy. For
this reason, the mWHO classification considers MVA <1.5cm? in pregnancy as severe, rather than using a
transmitral gradient classification system. If a mean pressure gradient (MPG) classification system is used, a
patient with a MPG >10mmHg in the first trimester of pregnancy is likely to be at a higher risk of complications
compared to a patient who starts with a lower gradient and develops an MPG>10mmHg later in pregnancy.?”

Secondly, the unique weather environment of the Top End of the NT is one of the greatest physiologic stress
tests available to anaesthetists and perioperative physicians. Some Top End patients will arrive at the hospital
following a pregnancy spent entirely in 230°C heat, 80% or more relative humidity, and with a daily step

count to parallel professional athletes. Taking time to perform an appropriate functional assessment and
understand the day-to-day life of patients often reveals an incredible physiologic reserve, which may weigh in
on decision-making. For MWHO class Il and IV patients, or where this physiological reserve is unclear, stress
echocardiography or a six-minute walk test (BMWT) is frequently performed in the early third trimester to help
stratify those who are more likely to decompensate. This is particularly useful to help overcome the limitations of
NYHA classification in pregnancy, where shortness of breath can be multifactorial.

BEYOND CLINICAL PRIORITIES

While clinical priorities guide recommendations, for many patients the impact of non-clinical factors (cultural,
social, financial) cannot be ignored. These may exacerbate any clinical risk if not appropriately addressed.?®
There are anaesthetists in the Top End currently engaged with communities to explore these factors, the
differences in perception of healthcare, and the impact of Western medicine. While eagerly awaiting formal
publication of this important work, we can only share our personal experiences and stories to give insight into
these factors.

One of the biggest issues faced in the NT is the patient’s disposition of where to deliver. For many First Nations
patients, the severity of their condition means delivering away from their land and Country. High-risk patients will
be transferred to Darwin in the third trimester. Without a local cardiac surgical service, patients will occasionally
require transfer >3000km interstate if the need for cardiac intervention or mechanical circulatory support is
anticipated. The transfer to Darwin, or especially interstate, can have significant social impacts. The transfer of a
patient away from family, culture and Country can be likened to an international relocation, often while critically
unwell and preparing to embark on the challenges of motherhood. Also, women may be too unwell to look after
their child post-delivery, disrupting the maternal-neonatal connection. A small proportion of patients may require
cardiac surgery, affecting their initial ability to breastfeed due to the sternotomy. The impact may be profound,
with some women having to leave their babies interstate and return home alone in the face of this adversity. As
clinicians, we must be aware of these flow-on effects when making transfer decisions.

We must be aware of how our perception of “good medicine” aligns with the patient's perceptions.
Understanding resource limitations and staff expertise, the aim is to make every effort to support the pregnant
woman's wishes. The importance of birthing on Country is paramount to many First Nations women, and
when this is not possible, the concept should be applied as a metaphor. This requires designing services in
collaboration with First Nations women to be inclusive, holistic, and culturally competent.?#3°

PRECONCEPTION PLANNING

All women of childbearing age with significant rheumatic heart disease should have a pre-pregnancy
assessment where patients can be counselled about the risk of pregnancy, have their cardiovascular status
optimised, and further therapies planned, for example, mitral valvuloplasty. Where cardiac surgery is being
planned, effective, long-term but reversible contraceptive therapies like an intrauterine device can be
considered. Oestrogen-based contraceptives pose an added risk of thromboembolism and potentially increase
the risk of mechanical valve thrombosis. Tubal ligation is discussed in cases where patients have completed
their families.?® Where pregnancy is contraindicated, patients are appropriately counselled, but the final decision
will rest with the patient and should be respected. Cardiovascular disease and the inability to bear children can
result in significant social stigma for the patient, and these topics need to be addressed in a multidisciplinary
setting with social and cultural sensitivity.
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ANTENATAL MANAGEMENT
Screening

Identification of RHD early in pregnancy allows for better risk management and time for intervention planning
and implementation. Unfortunately, in low-resource settings, up to 25 per cent of RHD in pregnancy remains
unidentified until unmasked by the haemodynamic changes of the second or third trimester.'* Anecdotally,
this is not infrequent in the NT, with patients occasionally presenting in heart failure as their first presentation.
Recognising patients at risk starts in primary care, and the NT is currently running a pilot program called “The
Two Heart Beats Study”, whereby women from remote communities receive a screening echocardiogram with
their first-trimester ultrasound. Access to echocardiography is challenging outside of a tertiary centre, and the

emphasis is on providing primary care physicians with baseline skills to diagnose subclinical RHD.

Medical optimisation

RHD management in pregnancy involves balancing pharmacotherapy against relative risk(s) of teratogenicity.
Hypertension, arrhythmias, anaemia and active infections, which may cause cardiac decompensation, can be
addressed early. Heart failure and fluid overload can be managed with diuresis and rate control. This will help
manage the risk of acute pulmonary oedema. Volume overload will result in an increase in transmitral gradients
without a decrease in the valve area. Significant reductions in transmitral gradients can be achieved with well
managed diuresis. A summary is included in Table 1.

Table 1. Medication management of RHD in pregnancy

THERAPIES CHANGE IN PREGNANCY
Arrhythmia control Beta blockers: continue (accept an increased rate of IUGR, neonatal
hypoglycaemia).

Digoxin is safe and routinely loaded.®'

BP control Aldosterone antagonists (AA), Angiotensin-converting enzyme inhibitors
(ACEI) and Angiotensin Il receptor blockers (ARBs) are discontinued due to
teratogenicity.

Alternative: hydralazine, labetalol, methyldopa as per non-cardiac
pregnancy.®?

Anticoagulation Warfarin is teratogenic in the first trimester due to its effects on
organogenesis, although both European and ASA guidelines allow warfarin
up to 5 mg in the first trimester. RHD Australia also recommends changing to
bi-daily LMWH only in the first trimester, then switching back to Warfarin from
the 13th to the 35th week.?%3334

Change to heparin or Low Molecular Weight Heparin (LMWH) peripartum
(around the 36th week) in preparation for neuraxial techniques. There is no
consensus on optimal anticoagulation.

Although LMWH has better foetal outcomes, it has higher rates of
thrombogenicity. The fluctuating fluid states of pregnancy mean that weight-
based dosing alone will not be accurate in achieving therapeutic levels so
anti-Xa levels are recommended.

In remote communities, access to frequent testing can be problematic, and any change in therapeutic
anticoagulation exposes the woman to an increased risk of thrombogenic complications. Local services aim
to continue warfarin up until the 36" week, then switch to LMWH in the peripartum period. High risk patients
(mechanical valves, thrombophilia or active thrombotic disease) are transferred to Darwin in the third trimester
to have anticoagulation managed and monitored.
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Surgical intervention

Percutaneous balloon mitral valvuloplasty (PBMV) is safe and results in good foetal outcomes in patients with
severe stenotic lesions.?”33¢ However, it carries the risk of acute severe mitral regurgitation and pericardial
tamponade and is not always appropriate for patients with mixed valvular lesions. As there is no cardiothoracic
surgical service in the NT to manage the complications of PBMV, patients needing cardiac intervention require
interstate transfer to Adelaide.

DELIVERY
Planning

In the absence of obstetric indications for lower uterine segment Caesarean section (LUSCS), normal vaginal
delivery is preferred due to lower rates of postpartum haemorrhage, infection, and thromboembolism.?"38
Planned LUSCS can avoid emergent delivery and allow expert multidisciplinary input in the highest-risk cases.
Spontaneous labour is reasonable for patients classified as mWHO |l risk if they reside within close proximity to
the hospital. For remote patients, this entails hotel-style accommodation, which can be provided in the weeks
leading up to delivery. As mentioned previously, this often results in the displacement of many First Nations
women from their support networks at a time of high stress. In patients classified as mMWHO Il and IV risk,

the preferred approach is planned labour induction in the intensive care unit (ICU). This allows optimisation

of timing, personnel, equipment, and resources with continuous monitoring during the dynamic stages of
labour and the postpartum period. It also aids in the inpatient optimisation of volume status, rate control and
management of anticoagulation before a neuraxial technique.

Anaesthetic considerations

Established RHD often presents as a mixed valvular disorder. Table 2 delineates the most common anaesthetic
considerations for each valvular disorder. Haemodynamic aims are generally targeted to the most severe

lesion; however, care must be taken not to underestimate the additive effects of moderate lesions in series

(that is, aortic regurgitation and mitral regurgitation). Left-sided valve disease, stenotic lesions, and pulmonary
hypertension carry the highest risk of patient morbidity and mortality.2>2"3° Pulmonary hypertension due to
obstructive left ventricular disease such as mitral or aortic stenosis is associated with a 30-56% risk of maternal
mortality.® If these lesions are associated with right ventricular dysfunction or a poor functional score, the

risk increases exponentially. In addition, the hypercoagulable state of pregnancy increases the probability of
pulmonary emboli, which can, in turn, worsen pulmonary hypertension. A small pulmonary embolus may result in
acute right ventricular failure in a patient who is maximally compensated.

Regurgitant lesions, in comparison, are generally well tolerated during labour, delivery and anaesthesia in the
absence of heart failure and pulmonary hypertension.'?

Many patients will have required previous valve interventions before becoming pregnant. In women of
childbearing age, it is standard to offer a bioprosthetic valve replacement with subsequent surgery to convert

to a mechanical valve after the completion of their family. Bioprosthetic valves do not require therapeutic
anticoagulation like their mechanical counterparts but are at risk of structural degeneration and may need
reoperation as early as within the first five years. This option is not always selected due to the requirement

to return interstate for redo surgery. As a result, many women in the NT present in pregnancy with previous
mechanical valve replacements, requiring therapeutic anticoagulation. It is not uncommon for patients to present
in the NT with restenosis, obstruction of valve replacements, or failure of previous valve repairs.

Due to the complexity of valvular disorders and the rate of unexpected “moderate to severe” findings, all
diagnostic transoesophageal echocardiography performed in Darwin is done in the operating theatre complex
with a consultant anaesthetist.
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Table 2: Anaesthetic goals and considerations in common RHD lesions and sequelae

Valvular lesion

Pathophysiologic processes

Anaesthetic goals
(HR, preload, afterload, contractility)

Mitral stenosis

Fixed preload to the left ventricle (LV)
impairs the ability to increase CO in
demand to the effective vasodilated
state of pregnancy.

Hypervolaemia and tachycardia of
pregnancy lead to an increased
gradient across the mitral valve, left
atrial (LA) dilation and increased
pulmonary artery pressures. If severe
pulmonary hypertension develops,
right ventricular failure may also occur.

Heart rate: Prevent tachycardias and
aggressively treat dysrhythmias (adequate
analgesia, avoid terbutaline, defibrillation pads
on).

Normovolaemia: pre-emptive diuresis if
evidence of pulmonary oedema or right
ventricular failure before induction of labour.
Preferential use of vasopressors over volume
for hypotension management.

Percutaneous balloon valvuloplasty (see
surgical management below).

Aortic stenosis

Decreased SVR of pregnancy
associated with the vascular
changes and vasodilation of neuraxial
anaesthesia decreases coronary
perfusion pressures.

Tachycardia decreases LV diastolic
filling time and LV perfusion time.

Often associated with LV diastolic
function.

Gentle initiation of neuraxial analgesia and
anaesthesia with concurrent management of
the vasoplegia.

Low threshold to treat haemorrhage with
volume resuscitation.

Transcatheter aortic valve replacement in
specific cases may be warranted, safe, and
effective.*

Regurgitant Forward regurgitant fraction is Avoid increases in SVR.
lesions - i d with a low SVR and a high . . .
: mgrove with afow andamoner - avoid bradycardia — use ephedrine and
MR and AR ’ chronotropic agents.
Neuraxial will reduce the SVR which . . S _
: ! . Avoid arrhythmias — digoxin loading is
improves the regurgitant fraction. . . .
commonly used in Darwin on patient
MR is associated with an enlarged LA | admission.
and an increased risk of arrhythmias.
Acceptance of lower blood pressure may
APO may result from increases in LA | be an appropriate technique as patients will
and pulmonary pressures, particularly | have increased forward flow. However, at
when there is an acute regurgitant some point hypotension will reduce placental
change with increased SVR or acute | circulation flow as this is a pressure-passive
ischaemia with chordae rupture. circulation.
Mechanical High risk of valvular thrombosis with Vitamin K antagonist continued in pregnancy

prosthetic valve

hypercoagulable state of pregnancy.

and changed to LMWH in the peripartum
period (as above).

Higher risk of intra and postpartum
haemorrhage. Consider early surgical
management of postpartum haemorrhage.

GA LUSCS if the anticoagulation cannot be
stopped.

Mechanical valve thrombosis is a life-
threatening emergency (due to acute stenosis,
regurgitation and heart failure) and requires
urgent transfer to a cardiothoracic centre to
provide (TOE-guided) thrombolysis or surgery
to extract the clot.
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Pulmonary
hypertension/
right ventricular

Increased circulating blood volume
and venous return results in acute
right heart dysfunction in the face

Regular volume status tracking with diuresis
where necessary. Maintain strict fluid balance
and make haemodynamic decisions using

dysfunction of elevated pulmonary vascular invasive monitoring.

resistance or poor RV reserve. S . .
P Maintain right ventricular perfusion by

Hypercoagulable state of pregnancy maintaining SVR using vasopressor support.
increases the risk of pulmonary Invasive monitoring and pre-emptive
emboli. vasopressor therapy is recommended when

. instituting neuraxial analgesia/anaesthesia.
Decreased SVR leading to decreased 9 9

coronary perfusion to a hypertrophic Careful incremental initiation of neuraxial

RV reliant on diastolic perfusion. analgesia and anaesthesia.

Placental blood autotransfusion Reduce PVR using nebulised milrinone or
postpartum may result in acute additionally inhaled nitric oxide or nebulised
pulmonary hypertension and right prostacyclin if intubated. Sildenafil is also a
ventricular failure. safe option in pregnancy.

Prevent increases in PVR: avoid over sedation
causing hypercarbia, administer supplemental
oxygen.

Limit oxytocic use. Oxytocin boluses in 0.5-1
unit increments with vasopressor support

to offset hypotension. Ergometrine and
carboprost are contraindicated as they can
increase pulmonary pressures. Therefore,
early surgical management is the mainstay of
treatment of PPH.

Under GA: Avoid over or under ventilation to
maintain normocarbia and high intrathoracic
pressure, and use TOE to monitor RV and
cardiac output.

Monitoring

All parturients should have standard ANZCA monitoring, including a five-lead electrocardiogram to allow early
detection of arrhythmias and subendocardial ischaemia.

Arterial line monitoring with or without pulse contour analysis is utilised to guide vasopressor management
in the face of haemodynamic insults like neuraxial analgesia and postpartum haemorrhage. However, arterial
waveform analysis has limited application in cases of rapid haemodynamic disturbances such as during a
LUSCS.

The use of a central venous access line is indicated in high-risk cases where the use of vasoactive medications
is expected; however, there is no proven utility of central venous pressure (CVP) monitoring in this patient
population. Pulmonary artery catheters are generally not required.*"2

Defibrillation pads are placed pre-emptively in case of unstable arrhythmias, and fluid balance is monitored with
an indwelling urinary catheter.

Peripartum sequential transthoracic echocardiography (TTE) can help guide management, and if the patient is
intubated, a TOE provides more detailed information due to improved windows.

Continuous cardiotocography (CTG) for foetal monitoring is indicated prior to any intervention.
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Anticoagulation

For patients on regular anticoagulation, Vitamin K antagonists have usually been ceased in the peripartum
period and changed to LMWH. Therapeutic anticoagulation with LMWH must be ceased at least 24 hours
before any attempted neuraxial technique.“® A neuraxial technique may be required earlier than anticipated if
spontaneous labour is induced by the insertion of the balloon for cervical ripening on the day prior to induction.
This needs to be considered when deciding on the timing of cessation. Overall, therapeutic anticoagulation in
the peripartum period will increase the risk of peripartum haemorrhage and needs to be weighed against the
risk of valvular or systemic thrombosis, which is made worse by the hypercoagulable state of pregnancy.

Fluid management

Preload to the right ventricle is increased in the immediate postpartum period due to autotransfusion from

the uterus and decompression of the IVC from the non-gravid uterus. This can precipitate acute pulmonary
oedema, especially in patients with stenotic valvular lesions. Thus, little fluid is administered during delivery
and caesarean sections (100-200ml at a time), and a degree of postpartum haemorrhage (PPH) is

tolerated depending on the state of right ventricular filling on repeated echocardiograms. With minimal fluid
administration, the autotransfusion of 400-500mL of blood is often nicely balanced by 400-500mL of bleeding
to maintain a state of compensated normovolaemia.

Arrhythmias

Parturients will often already be started on anti-arrhythmic therapies, which can be loaded again in the
peripartum period. Modification of the ALS algorithm for the pregnant patient (manual uterine displacement,
perimortem LUSCS) remains unchanged, and there is a low threshold for cardioversion for any unstable rhythm.

Oxytocics and postpartum haemorrhage

The haemodynamic consequences of postpartum haemorrhage can be significant, but oxytocics themselves
carry substantial risks, particularly in patients with mitral stenosis. Ergometrine increases cardiac afterload
through vasoconstriction, increases pulmonary arterial pressures (PAP) and can lead to coronary vasospasm.*
Carboprost can also lead to increases in PAP, and they are both avoided.* In patients with pre-existing
pulmonary hypertension, a sudden increase in PAP can precipitate a pulmonary hypertensive crisis and

acute right heart failure. Oxytocin causes hypotension and tachycardia through vasodilatation and has been
associated with coronary vasospasm. This combination of effects is particularly deleterious in patients with
stenotic lesions, where diastolic filling is paramount in maintaining cardiac output. Therefore, oxytocin must be
carefully titrated in 0.5 to 1 unit doses and balanced with vasopressors based on real-time arterial monitoring.
If required, a low volume infusion can be commenced.*® Carbetocin carries similar risks to oxytocin but is less
titratable and, therefore, omitted.*” Misoprostol can be given rectally or orally because it has no cardiac side
effects but is a weaker oxytocic.

Tranexamic acid is given prophylactically at the time of delivery to mitigate the risk of PPH. In the event of
significant bleeding, early surgical management is required and haemostasis can often be achieved in the
setting of a well-working epidural. Minor suturing or placement of a Bakri balloon can be performed quickly in
intensive care, whereas other procedures may require transfer to the operating theatre.

Obstetric emergencies and other drugs

Respect for a fragile haemodynamic state should be observed with any drug given during the peripartum
period. Seemingly benign drugs can have significant haemodynamic effects. This includes drugs used in the
management of obstetric emergencies, such as terbutaline, which can cause tachycardia. There should be

a clearly documented plan for how to manage such situations should they occur. Other anecdotal examples
include significant hypotension with metoclopramide and nausea-related tachycardia from systemic absorption
of neuraxial opioids.
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Post-delivery management

Patients remain at high risk of decompensation and should be observed in a high dependency area with
invasive lines left in situ in case of a return to theatre.*® In addition to the risk of postpartum haemorrhage, there
is a high risk of decompensated cardiac failure with a decrease in CO, an increase in SVR, and a significant
shift in fluid balance. Postpartum pain can also lead to sympathetic activation, and the epidural can be left in
situ for analgesia if anticoagulation is not required. Intrathecal and epidural morphine can minimise the need
for ongoing epidural infusions postoperatively. Breastfeeding should also be observed in the initial postpartum
period as endogenous oxytocin release can have haemodynamic effects. Cardiology review and planning for
potential surgery happen in the following weeks. Where possible, surgery is deferred for six months to allow
for breastfeeding. This delay is often possible in the context of a return to a non-pregnant circulation and a
reduction in transmitral pressures.

Anaesthetic techniques

Preoperative consultation with an anaesthetist should occur as early as possible. Unfortunately, this is often
challenging due to the constraints of distance and also social and cultural barriers, which may not be readily
apparent. Anaesthetic techniques are discussed with the patient and their family, in the presence of interpreters
and Indigenous Liaison Officers, when required. Opportunistic review of patients is often necessary to align
multiple assessments during a single visit (antenatal clinic, cardiology clinic, pre-anaesthetic clinic). Ideally,
patients and their families have the opportunity to meet their multidisciplinary team well before delivery to build
rapport and trust, and to ensure adequate time for questioning and understanding.

Labour in the intensive care unit

An early and well-organised arrival to ICU can ensure prompt insertion of invasive lines and an epidural and
help facilitate early induction. This will maximise the chances of delivery during regular operating hours when
staff and resources are optimised.

Arterial lines are placed for all patients and central lines for patients where vasoactive medications may be
required (severe mitral stenosis, pulmonary hypertension, decompensated heart failure, arrhythmia). This is done
before the insertion of the epidural to allow careful loading and titration. It also facilitates prompt emergency
management during labour should a trip to the operating theatre be required. In our patient population, a small
amount of sedation is frequently required to offset the tachycardia and sympathetic response from discomfort
and anxiety associated with an unfamiliar environment and uncomfortable procedures. This can be in the form
of remifentanil (0.1-0.2mcg/kg/min, similar to an obstetric PCA dose), which is easily titratable, reversible, safe
and has favourable haemodynamic effects and small doses of midazolam (0.025mg/kg) once continuous CTG
is placed.*®5" Care must be taken to minimise the time in Trendelenburg position for central line insertion to
prevent a sustained increase in venous return and acute pulmonary oedema.

An epidural is placed as normal to ablate the sympathetic response to labour. It is tested with low-dose local
anaesthetic (5mL of 0.125% bupivacaine or 0.2% ropivacaine in 1mL increments). Further doses are given

via a programmed intermittent epidural bolus or a patient-controlled epidural analgesia (PIEB/PCEA) regime
utilising ultra-low dose concentrations of local anaesthetics to minimise motor block and haemodynamic effects
(0.0625% bupivacaine or 0.1% ropivacaine). We use a PIEB with PCEA regimen as it has been shown to
have a lower incidence of breakthrough pain, lower overall local anaesthetic dosing and minimal haemodynamic
effects in the dilute concentration compared to continuous epidural infusion techniques.®?®® Any vasodilation

is counteracted by vasopressor support with real-time monitoring. Beta-blockade may be acutely necessary to
curtail the reflex tachycardia associated with vasodilation from the epidural (or, in the case of a failed epidural).
Both intravenous esmolol and metoprolol are safe and effective agents.

Artificial rupture of membranes (ARM) and induction are then performed with a reduced dose of oxytocin,
followed by an intrapartum echo. Labour proceeds in the dependent position and passive descent is allowed
at full dilation to minimise the undesirable effects of pushing. Instrumental lift-out is used with limited pushing if
haemodynamics are favourable. Delivery ideally occurs in the presence of an anaesthetist and intensivist, with
theatre notified in case of emergent transfer. While attempts are made to have a dedicated anaesthetic team
available, the unpredictable nature of obstetrics and a small anaesthetic department dictates that all of our
perioperative staff are prepared to manage these patients.

Management of the third stage and PPH is described previously above.
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Caesarean section

Elective caesarean deliveries are performed with a slowly loaded epidural or a combined spinal epidural (CSE)
technique. Where CSE is performed for high-risk patients, the spinal component contains only intrathecal
morphine and no local anaesthetic. Intrathecal morphine is used to prevent postpartum sympathetic activation
from incisional pain. The neuraxial technique is performed after invasive line insertion with or without sedation as
described above. For patients with pulmonary hypertension, a pre-operative dose of nebulised milrinone 5mg
can be given to vasodilate the pulmonary circulation. Epidural loading can be achieved with incremental 0.5%
bupivacaine or 2% lignocaine with adrenaline 1:200,000, 1-2mL at a time, coinciding with slow increases in
vasopressor support to offset any drop in SVR. For patients with pulmonary hypertension, vasopressin may be
preferred to noradrenaline as a first-line option as it has no effect on pulmonary vascular resistance.

A semi-emergent LUSCS is possible with a titrated load of the epidural together with invasive monitoring and
vasopressor support where time allows.

Elective caesarean sections under a general anaesthetic are recommended in cases where anticoagulation
cannot be stopped, or the patient needs an emergent delivery (for maternal decompensation or foetal distress),
where a slowly titrated epidural is not feasible.

While opioids are not globally utilised in GA LUSCS, in the cardiac patient, haemodynamic stability is prioritised
over foetal sedation at induction. The use of remifentanil or alfentanil may provide the best balance between
sympatholysis and prolonged foetal sedation. A general anaesthetic has its own risk, but it allows the use of a
TOE and the delivery of inhaled nitric oxide, milrinone or nebulised prostacyclin in an intubated and ventilated
patient.*!

CONCLUSION

The perioperative management of rheumatic heart disease in the Top End falls upon the shoulders of a small
group of dedicated and experienced obstetricians, midwives, cardiologists, intensivists, and anaesthetists.

The management of this condition requires a comprehensive understanding of obstetric physiology, cardiac
pathophysiology, and cultural awareness. As a result of ongoing social inequity we are likely to continue to
encounter a high level of complicated obstetric RHD in the future. As a general tertiary hospital without cardiac
surgical services, we continue to learn from our patients, colleagues, and experiences to improve and develop a
service that fits the complex needs of patients in the Top End.
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INTRODUCTION

Background ionising radiation exposure in the general population is a combination of environmental and artificial
radiation. According to the International Commission for Radiation Safety ‘medical procedures make up most
of the manufactured dose, by far’." This does not include the therapeutic uses of ionising radiation, but rather
radiation used for diagnostic purposes. Given the proximity of healthcare personnel to medical procedures
utilising radiation on a day-to-day basis, limiting and measuring occupational radiation exposure is a necessary
safety measure that should be present in all healthcare systems and hospitals. The anaesthetist is frequently
involved in such medical procedures, whether in operating theatres or in remote procedure rooms, and previous
research has identified poor baseline knowledge and practice of radiation protection in anaesthetists. This
article will outline the basic science of radiation effects on the body (radiobiology) and identify the potential
risks of occupational radiation exposure for anaesthetists. We will then set out the current best practices to
reduce exposure to the lowest possible occupational risk.

BASIC SCIENCES OF RADIOBIOLOGY
lonising radiation

Radiation is energy travelling through space in the form of subatomic particles or electromagnetic waves.
lonising radiation, the type than can cause tissue damage, can be defined as radiation with the ability to
displace electrons from atoms. lonising radiation can be divided into photons of the electromagnetic spectrum
(gamma rays, X-rays) and subatomic particles (alpha and beta particles).? Table 1 summarises the types of
ionising radiation and its relevance to the general population.

Table 1. Types of ionising radiation

Type Composition Penetration Radiation
weighting factor

Alpha particles | Helium nucleus (two neutrons Very low (will not penetrate skin) 20
& two protons)

Beta particles Electron or positron Low (may penetrate skin, 1
absorbed by clothing)

X-rays Photon Penetrates body 1

Gamma rays Photo Penetrates body 1
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lonisation of a molecule may lead to the breakage of chemical bonds and production of highly reactive

free radicals. It is by these processes that the adverse effects of ionising radiation occur. The biological
effectiveness (or destructive ability of ionising radiation against living tissue) of different types of ionising
radiation is measured by the dimensionless factor Wr (radiation weighting factor). X-rays have a Wr of 1, while
alpha particles have a Wr of 20.

Stochastic versus deterministic effects
The adverse effects of radiation fall into two categories:

- Stochastic effects are those where the probability of an event is dose-related, with no lower threshold.
Stochastic effects in humans include cancer induction.

- Deterministic effects (tissue reactions) are those where the severity of an event is dose-related, with a lower
threshold below which an event will not occur.? Deterministic effects include cataract formation, hair loss,
radiation burns, radiation pneumonitis, sterility, and death.

While this classification of radiation effects has recently been challenged,* for the purposes of the article we will
focus mostly on the stochastic effects of radiation, namely the risk of cancer induction. Cancer induction is the
major concern in occupational radiation exposure outside of radiation accidents and disasters.

Cancer induction

It is important to understand that as a stochastic effect, there is no safe dose below which cancer induction
will not occur. This linear no-threshold model suggests that any exposure to ionising radiation will increase the
risk, but not the severity, of cancer induction. lonising radiation causes DNA damage directly, via an interaction
between ionising particles and DNA, and indirectly, by production of reactive oxygen species. Double-stranded
DNA damage from radiation often results in cellular apoptosis, however lesser damage may lead to altered
function and potentially malignant proliferation.

While there are no radiation-specific cancers, some cancers are more commonly associated with radiation
exposure than others.® The Law of Bergoiné and Tribondeau states that the radiosensitivity of biological tissue is
directly proportional to the mitotic activity and inversely proportional to the degree of differentiation of its cells.®
This is why haematopoietic, reproductive, gastrointestinal, and foetal cells are among the most radiosensitive
cells, and associated malignancies are seen more commonly in radiation exposure. Radiation has been
implicated in all steps of carcinogenesis: from initiation, promotion, and progression of a tumour. As a resuilt,
radiotherapy itself can increase the risk of developing further malignancy. For example, retinoblastoma patients
have a higher risk of developing osteosarcoma of the orbit following radiotherapy. Given that the same tumour
suppressor gene has been implicated in both cancers, radiation provides the ‘second hit' required to induce
cancer transformation in the bone.”

BACKGROUND AND OCCUPATIONAL EXPOSURE

Dosing scalars, for the purposes of quantifying background and radiation exposure, are traditionally described
in units of Gray (Gy) and Sieverts (Sv) although these are very large amounts of radiation so mSv and mGy are
often used. Commonly utilised units, and their means of calculation, are presented in Table 2.

Table 2. Dosing scalars for ionising radiation

Dosing Unit Calculation
Absorbed dose Gray (Gy) joule/kg deposited
Equivalent dose Seivert (Sv) absorbed dose (Gy) x radiation weighting factor (Wr)

Effective dose Seivert (Sv) equivalent Dose (Sv) x = W (tissue weighting factor)
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The absorbed dose is the amount of energy deposited. This is the unit radiation oncologists use to prescribe
treatment in cancer.

The equivalent dose takes into account the type of ionising radiation being deposited, and its relative biological
effectiveness (see radiation weighting factor).

The effective dose further corrects the dose by the various body tissues that have been irradiated. The organs
and tissue in the body have different sensitivities to ionising radiation, and therefore the effects of partial
irradiation on the body can be calculated using the effective dose. The sum of all tissue weighting factors will
add up to one, and therefore if the entire body has been irradiated, the effective dose will equal the equivalent
dose.® Organs such as the gonads and bone marrow will have a much higher tissue weighting factor than bone
and skin.

Total annual background radiation exposure in the population is variable, differing from region to region. A report
by the UK Centre for Radiation, Chemical and Environmental Hazards Radiation Protection Division concluded
that the average background radiation exposure in the UK population was 2.7 mSv per year. Of this, 16 per
cent was artificial radiation exposure, mostly medical radiation.® The United Nations Scientific Committee on

the Effects of Atomic Radiation report in 2008 found an approximate yearly exposure of 3 mSy, of which 0.6
mSv was due to artificial exposure, mostly medical radiation.' Therefore, by far the greatest source of artificial
ionising radiation worldwide is related to diagnostic medical procedures.

Occupational radiation dosing limits are set out by the International Commission for Radiation Protection
(ICRP). Outside of rescue operations and catastrophic incidents, occupational radiation dose is limited to 20
mSv/year effective dose, averaged over five years (to a total 100 mSv), with no single year exceeding 50 mSv
effective dose."” The ICRP recommends that all pregnant women should have exposure levels similar to that
of the general population and limit the dose to the fetus to 1 mSv for the remainder of the pregnancy. To put
this in context, the effective dose of a chest X-ray (antero-posterior and lateral views) is 0.1 mSy, and for a CT
abdomen-pelvis, 8 to 14 mSv."?

HOW MUCH RADIATION IS THE ANAESTHETIST EXPOSED TO?

To answer the question of how much radiation an anaesthetist is exposed to, it is important to consider
individual differences in workplace practice. The environments of potential exposure include:

= operating theatres - X-rays, fluoroscopy via C-Arm

= interventional radiology suite

= diagnostic radiology

= endoscopy - endoscopic retrograde cholangiopancreatography (ERCP)
= cardiac catheterisation suite

= nuclear medicine suite - brachytherapy, external beam radiotherapy

= emergency departments

The specific areas of increased risk have been highlighted as endoscopy (ERCP), cardiac catheterisation suite,
interventional radiology suite, vascular and neurointerventional fluoroscopy.'®

In the past two decades, there has been an increase in interest in radiation safety for the anaesthetist, with
several studies published measuring longitudinal exposure in anaesthetists. Individual exposure is quite easy
to measure with the aid of a personal radiation monitor (dosimeter). These monitors should be used in all
medical facilities where medical ionising radiation is present, and provided to all staff who are at risk of regular
exposure. They should be worn on the outside of lead aprons as they are intended to measure the radiation staff
are exposed to, not that which they receive. The Australian Radiation Protection and Nuclear Safety Agency
(ARPANSA) code on radiation protection stipulates that a dosimeter ‘is provided to each occupationally
exposed person who is likely to be exposed to ionising radiation in excess of 1mSv in any one year'.'* One
millisievert is defined as the average accumulated background radiation dose to an individual for 1 year,
exclusive of radon, in the United States, or the dose produced by exposure to 1 milligray (mGy) of radiation.
Pragmatic examples of clinical exposures (for a patient) are summarised in Table 3.
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Table 3. Common clinical radiation dose exposures

Radiological technique Estimated average radiation exposure (mSv)
Chest x-ray (PA film) 0.02

Lumbar spine

—_

l.V. urogram

Upper G.I. exam

Barium enema
CT head

CT chest

CT abdomen

Coronary artery calcification CT

o W o NN o o w ;o

—_

Coronary CT angiogram

o
o
=

Cross-country airplane flight

The challenge, therefore, is to identify which anaesthetists are likely to be exposed to this level of radiation.
Unsurprisingly, given the utility and simplicity of the dosimeter, there have been a number of studies measuring
anaesthetists’ longitudinal exposure to radiation in their workplace using these dosimeters. A review of the
literature shows that some anaesthetists may well cross this annual threshold of 1 mSv. Although, 1TmSv is the
threshold for recommending the utilisation of a dosimeter. Occupational exposure limits are set as less than 20
mSv per year, averaged over 5 years, with no single year being greater than 50 mSv.

A 2006 paper from Charles Gairdner Hospital followed 29 fulltime anaesthetists over a period of one month.'
The casemix could be described as typical of a large adult tertiary referral centre, where ‘IR exposure could
occur’. A dosimeter was placed behind a lead apron, and a second on the exposed collar to enable estimates
of whole-body exposure. Of the 29 anaesthetists, seven exceeded the threshold for radiation detection. These
numbers were extrapolated to obtain estimated annual exposure, of which the highest effective dose was 2.14
mSv/year, although most were much lower.

A similar trainee-led project from the United States in 2017 followed 41 anaesthesiology trainees over periods
of three months wearing thermoluminescent dosimeters to measure shallow, deep and eye exposure.'® Mean
shallow dose (exposure at tissue depth of 0.007cm) was 0.214 mSv over three months. The highest deep dose
recorded (exposure at a tissue depth of 1 cm, estimating internal organ exposure) was 0.52 mSv. Extrapolating
this dose over a year would yield a maximal exposure of 2.08 mSkv.

These numbers are reassuring as they fall well below the 50 mSv maximum and 20 mSv averaged yearly dose
limits set by the ICRP. To put this into perspective, the Centers for Disease Control and Prevention states

that ‘commercial airline crew have the largest annual effective dose of radiation (3.07 mSv) of all US radiation
exposed workers','” with exposure ranging from 0.2 to 5 mSv per year. The UK National Radiological Protection
Board Survey estimated average annual air crew doses of 4.6 mSv per year, higher than nuclear workers (3.6
mSv).18

There are particular areas of the hospital where ionising radiation exposure is potentially higher. A report

from Yonsei University College of Medicine, Korea, tracked the exposure to ionising radiation of three senior
anaesthesiology trainees over three months through a combined 363 procedures in the ERCP room.®
Dosimeters were worn on the neck and wrist. Over three months the highest deep dose measured at the neck
was 0.59 mSv and 1.27 mSy at the wrist. Of note, the anaesthetist who had the highest exposure at the wrist
also performed the greatest amount of jaw thrusts. Mayr et al in 2019 placed a lead-lined cap on the head of
an anaesthetist who assisted in 32 transcatheter aortic valve implantation procedures in the space of 15 days.
Dosimeters were placed on the inside and outside of the cap. The maximum dose recorded on the outside of
the cap over this period was 0.55 mSv.?°

Finally, it is often thought that the proceduralists, with their close proximity to the patient and therefore the X-ray
beam would naturally be at risk of highest exposure. In a comparison of exposure between the proceduralist
and anaesthetists in a neurointerventional suite, dosimeters were placed on the foreheads of staff over the
course of 31 diagnostic and interventional procedures.?! The anaesthetist was found to have a three-fold
greater exposure than the radiologist/proceduralist. The authors proposed that this surprising finding was likely

Radiation safety and the anaesthetist 57

due to theatre design, especially C-arm spatial configuration favouring protection of the proceduralist and not
the anaesthetist. Another publication showed that the location receiving the highest dose of radiation in an
endovascular suite during thoracoabdominal aortic aneurysm repairs was the anaesthetic machine, higher than
the proceduralist, scrub nurse or radiographer.?? This was attributed to there being no protective equipment
around the anaesthetic machine.

Cataracts and occupational radiation exposure: stochastic or deterministic?

Those regularly anaesthetising for interventional radiology procedures or in the cardiac catheter laboratory

may have noticed fellow radiologists and cardiologists wearing an extra piece of equipment over their eyes

in addition to the standard lead apron and thyroid shield. Radiation protection eyewear or lead glasses are
increasingly being recommended for radiation-exposed workers, and the evidence suggests that eye exposure
to ionising radiation in anaesthetists is increasing.?® Veno et al, in 2010, found the incidence of posterior lens
opacities in interventional cardiologists to be significantly higher than in age-matched controls (38% versus
120).2* A subsequent systematic review in 2020 included 21 eligible studies, the vast majority of which
involved radiologists, radiology technicians and interventional cardiologists, and found an increased incidence
of cataracts, especially posterior subcapsular cataracts.?® lonising radiation exposure is strongly associated with
posterior lens opacities, as shown from data investigating cataracts and atomic bomb survivors and nuclear
accident clean-up workers.?® In 2012 the ICRP reviewed and reduced the acceptable occupational equivalent
dose to the lens from 150 mSv to 20 mSyv,?” with the proviso that this would continue to be reviewed. While the
risk of cataracts has historically been seen as deterministic, this has been challenged in the literature, and it may
indeed follow a non-linear model with no apparent threshold below which radiation-induced cataracts will not
occur.”®

Overall, the results from the literature are reassuring. Most anaesthetists are unlikely to reach yearly
occupational safety limits outside of accidents and disasters. Anaesthetists are, however, radiation-exposed
workers, potentially to a greater degree than many other healthcare colleagues and this may indeed be
underrecognised.

PRINCIPLES OF RADIATION PROTECTION

The ALARA principle — as low as reasonably achievable — is the guiding principle of radiation safety. The
principle is to utilise the smallest dose possible to produce the desired effect (e.g. adequate imaging) and
reduce exposure to unwanted radiation. This principle can further be broken down into the ‘big three’ of
radiation safety: time, distance, protection. We would like to add ‘regular education’ and ‘audit’ to these
principles. This is graphically represented in Figure 1.

Figure 1. Radiation safety principles: As low as reasonably achievable (ALARA)
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Time

Minimising exposure to radiation, either through reducing the total time the radiation source is active (e.g.
screening time), or reducing the time spent near the active source (e.g. leaving the room during screening).

Distance

The amount of radiation exposure from a source is inversely proportional to the square of the distance. Known
as the inverse square law, this implies that doubling the distance from the radiation source will effectively
reduce exposure four-fold. X-ray exposure in the operating theatre (such as from a C-arm) is a combination of
scatter (from the patient, equipment, floor) and direct beam exposure. Distancing oneself from the source and
the beam is therefore very important.

In practice then, how far is safe enough? A systematic review looking at radiation doses received at certain
distances from a C-arm found that the dose received decreased significantly with increasing distance, and
that at distances of 1.5 metres or greater, either no dose or insignificant doses were recorded. This article
even went so far as to question the need for lead protection for anaesthetists who are routinely at 1.5 metres
or more away from a fluoroscopy unit.?® Looking at one particular study analysed in the review, investigators
placed dosimeters in certain locations of a fluoroscopy room, labelled by distance and with surrogate names
of clinicians and their probable location in the room. The fluoroscopy unit was then turned on continuously for
ten minutes. The surgeon’s dosimeter was placed at 30 cm, and the anaesthetist’s at 1.5 metres. While the
surgeon recorded a total dose exposure of 0.2 mSv/min of fluoroscopy time, the anaesthetist’s dosimeter did
not register any positive readings.*°

It is a recommendation of the ARPANSA that if staff are required to be present in the room during active use
of X-ray/CT, they should try to stand at least two metres away from the X-ray tube, and also outside the primary
beam. The operator should also, at the very least, be wearing a lead apron.®'

Shielding

Standing a certain distance from the patient may not be achievable or practical in certain conditions, and
certainly not something that can be assured in the practice of general anaesthesia. The third foundation of
radiation safety is the use of protective equipment. Structural shielding in the form of mobile lead shields and
lead drapes offer protection but may not protect from scatter. Personal protective equipment includes lead
aprons, thyroid shields, leaded glasses, and gloves. Lead-free and lead-composite garments are also used. It is
recommended that lead aprons have a minimum of 0.25 mm lead thickness.®? There is a recommendation that
staff with higher levels of exposure should consider thicker lead gowns, of the order of 0.50 mm. The garments
should regularly be inspected for cracks or defects and should be stored on hangers with minimal folds.

Education and audit

Despite 50 to 70 per cent of orthopaedic surgeons or anaesthesia trainees indicating a concern regarding
the potential adverse effects of radiation in surveys of radiation safety, only one-fifth wore adequate personal
protective equipment. This indicates a discrepancy between concerns and practice.®

In our own department, we audited the dosimeter use of 108 anaesthesia trainees and consultants. From 72 of
respondents, 85% were regularly assigned to lists involving potential radiation exposure but only eight (11%)
staff members were in possession of a personal radiation monitor, two of whom declared to have checked their
radiation exposure results. Eighty-eight per cent of respondents without dosimeters declared being interested in
obtaining one for future use. We are currently in the process of obtaining dosimeters and hope to measure the
yearly exposure to assess the risk. Suggested audit questions for anaesthesia departments are given in Table 4.

A before-and-after study of a single education session on radiation safety given to anaesthetists and surgeons
identified that, while knowledge improved (e.g. ‘what is an effective dose’), good radiation safety practice did
not (e.g. the use of protective equipment).®* Although there may have been a response bias to this study, it
suggested that repeated education may be needed to improve department wide practice.

Table 4. Suggested questionnaire for auditing purposes

Questions

Potential responses
(ltalics = correct where applicable)

Knowledge

What knowledge level do you think you have about radiation safety?

Excellent, good, adequate, inadequate,
minimal

What are the annual occupational dose limits for radiation-exposed
workers?

10, 20, 50, 100 mSyv per year

What is the ALARA principle?

Free text

If you double your distance from a radiation source, how will your
dose change?

same, 75% less, 50% less, 25% less

What is the maximum occupational dose limit allowed in a given
year for a radiation-exposed worker?

10, 20, 50, 75 mSv

There is a dose limit below which cancer induction will not occur
with ionising radiation

TRUE or FALSE

Where should the dosimeter be worn?

Under radiation PPE to estimate the
dose received, Outside of PPE to
measure the radiation exposed to.

A staff member becomes pregnant. Their annual occupational dose
limit as a radiation exposed worker is now

20 mSy for the rest of the pregnancy.
They are not to be considered a
radiation-exposed worker during their
pregnancy

Good radiation safety knowledge has been shown to translate into
good radiation safety practice.

TRUE/ FALSE

Practice

How often are you exposed to ionising radiation at work?

Daily, weekly, monthly, rarely/never

Are you concerned about your radiation exposure at work?

YorN

What concerns you the most regarding radiation exposure?

Cancer induction, cataracts, effects
during pregnancy

Which radiation protective equipment do you wear at work?

Lead apron, thyroid shield, glasses,
cap

Have you been provided with a personal radiation monitor?

YorN

If yes, do you wear it regularly?

YorN

If yes, where do you wear it?

In a position that it is under a lead PPE,
In a position that is outside of lead PPE

If yes, do you check your radiation exposure results?

YorN

If no, would you like to have a dosimeter provided to you?

YorN

In addition to ALARA, other important principles include adequate signage (e.g. visible warning signs), regular
monitoring of personnel and area exposure, and appointment of a radiation safety officer. The function of

a radiation safety officer will depend on their employer, but essentially the role is to protect employees and
members of the public from unnecessary exposure to radiation and ensure that employers fulfill their obligations
under the Radiation Control Act (1990).%° These would include ensuring radiation doses to employees and

members of the public are as low as reasonably achievable, ensuring the safety and quality control of existing
and new procedures where radiation or radioactive material is involved, ensuring regular training of all radiation-
exposed workers, and reviewing and reporting incidents and accidents. Qualifications of the radiation safety
officer should be appropriate to their workplace — a large teaching hospital’'s radiation safety officer would likely
be assumed by a medical physicist or similar.
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Radiation and pregnancy

Iti

s important to stress that occupational safety limits in place for radiation exposed workers do not apply to

pregnant members of the workforce. This is because, unlike radiation-exposed workers who have acceptable

ex
ve
mi

posure limits, pregnant staff members’ exposure to radiation should be minimised and ideally avoided. While
ry high doses of radiation (>500 mGy) have very significant deleterious effects on the foetus, such as death,
scarriage, growth retardation, severe intellectual disability, and other malformations, it is unclear if lower

doses of absorbed radiation (<10 mGy) increase the risk of childhood leukaemia and cancer.?® Therefore, once
the member of staff has declared their pregnancy, the staff member should not receive a dose greater than 1
mSyv for the remainder of the pregnancy. Not surprisingly, the highest risk period for stochastic and deterministic
effects of radiation occurs in the first trimester during organogenesis, emphasising the need for routine good
radiation safety practice.

CONCLUSION

Anaesthetists support patients through both diagnostic and interventional procedures which require utilisation

of
to

radiation, and as such can be classified as radiation-exposed workers. While the overall risks posed
anaesthetists remain low, the exposure of anaesthetists to ionising radiation may be underappreciated

compared to other specialties. Infrastructure and safety measures should be built into every healthcare setting

an
ex

d regularly audited and appraised to ensure stringent measures are in place to monitor patients’ and workers’
posure. It is important to emphasise that the stochastic effects of radiation, namely cancer induction, have no

threshold below which an increase in risk will not occur. Utilising the principles of time, distance and shielding is
effective in reducing overall exposure. Ongoing education is likely needed for these principles to be reliably put

into practice.
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INTRODUCTION

2023 is the centenary of the commercial introduction of insulin for the treatment of diabetes. Along with
paracetamol and aspirin, it is one of few drugs that remains a mainstay of modern medicine following more than
100 years of use. Insulin is frequently prescribed, or its administration modified, by anaesthetists in everyday
practice. Furthermore, based on estimates of population data, 0.44% of people reading this chapter are likely to
be type 1 diabetics, 3.1% of those over age 50 are type 2 diabetics requiring insulin, and on retirement, 3.8%
may require insulin.’® As a drug, insulin has a history that makes it significant and relevant to all clinicians; its
development, introduction into clinical practice, changes in pharmaceutics (and therefore pharmacodynamics),
and method of delivery have all evolved to ensure its continued use. In addition to that, it is one of the few drugs
that resulted in a remarkable decrease in morbidity and mortality. In this chapter we review the development

of the drug and the unusual circumstances surrounding its commercial release. We will also be looking at the
changes made to insulin over time, allowing it to serve as an example of the value in continual reassessment of
the pharmacology of commonly used drugs to enable optimal usage.

THE DEVELOPMENT OF INSULIN

Although the first recorded clinical description of diabetes occurs in the Ebers Papyrus (¢ 15650 BCE), it

was the development of histology, made possible by improvement in microscope technology in the 1850s,
that allowed for the discovery of pancreatic islets by Langerhans in 1869.* By 1901 Eugene Opie had
demonstrated a connection between islet damage and diabetes, and by 1920 several scientists had managed
to develop pancreatic extracts to reduce hyperglycaemia, these developments were however not easily
translated into clinical practice.®

In Toronto, in the northern hemisphere summer of 1921, the successful extraction and administration of insulin
occurred. There are several factors that led to this success, among others the sheer determination of those in
the Toronto Laboratory. This well-funded laboratory was equipped with senior staff offering their guidance that
led to significant improvements in the measurement of blood glucose.® The last mentioned allowed for a more
accurate determination of the effects of proposed treatments for hyperglycaemia, a significant advantage over
previous researchers. The discovery was a true team effort; in the efforts of orthopaedic surgeon Frederick
Banting and Charles Best (laboratory assistant and medical student) to produce animal pancreatic extracts, the
advice of Professor of Physiology John McLeod for preservation techniques, and biochemist James Collip in the
purification of insulin. Although the chemical structure was yet to be determined, McLeod called the substance
insulin, derived from the Latin word for island insula, referencing the islets of Langerhans.

Unfortunately, the relationships between the senior researchers Banting and McLeod became strained to the
extent of great hostility, which is well documented.® This peaked when the Nobel Prize was awarded to them,
and Banting originally refused to accept the award as Best was not acknowledged. Fortunately, this animosity
did not prevent the discovery of insulin.
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THE RAPID CLINICAL RELEASE OF INSULIN — A GIFT TO THE WORLD

Two days after the successful isolation of insulin in January 1921, the University of Toronto’s wholly owned
Connaught Institute signed an agreement with Banting, Best, Collip and Macleod for the production of insulin.
The increasing need for a large-scale production however saw this arrangement unable to provide the amount
of insulin required.® This necessitated a commercial agreement with a commercial manufacturer, but this
agreement was for one year only. With the significant prevalence of diabetes, the discovery of insulin had the
potential to reap large financial benefits for its discoverers. It has been documented that two of the physicians
involved in its development, Banting and Macleod, were concerned that patenting insulin may reduce the
availability of insulin worldwide.” However, in the absence of a patent, others would be free to patent and
manufacture the discovery, with potential significant financial gains at the expense of widespread availability.
Banting famously declared that “insulin does not belong to me, it belongs to the world".®

Banting, Best and Collip transferred their patent rights for the purification method to the University of Toronto
for one dollar each, after which the university filed the application for the patent, which prevented the discovery's
exploitation by a single entity. The University of Toronto then licensed the sale of insulin in North America and
granted the patent rights to non-profit organisations in other countries.”

The discovery, rapid release and widespread availability of insulin, “gift to the world”, stands in stark contrast to the
situation surrounding the patent for early HIV (human immunodeficiency virus) infection therapy. In the era of the
COVID-19 pandemic, there has been continued discussion of the role of patents in diagnosis and therapy, as well
as the need for the widespread availability of medications that includes economically developing nations.?

INSULIN PRESCRIPTION — THE CHALLENGE OF DOSING

Unlike many other pharmacological agents used to manipulate physiological parameters, insulin may be
challenging to prescribe and administer effectively. Normal physiology dictates that insulin is secreted by
pancreatic islet beta cells in response to elevated blood glucose levels. This process is highly regulated by

a multitude of complex biological systems including transcription factors, autonomic innervation, and other
hormones (such as glucagon-like peptide-1, adrenaline and insulin itself).”® Insulin is stored and stabilised in the
pancreas in the form of hexamers — units of six insulin molecules connected with hydrogen bonds and zinc ions
— which readily dissociate into biologically active, rapidly-absorbed monomers for use in cellular glucose uptake
upon release.

Both hyper- and hypoglycaemia are associated with a variety of medical complications, the use of insulin as

a treatment for diabetes mellitus thus aims to target near-normal blood glucose levels — approximately 4-10
mmol/L. Monitoring blood glucose as an indicator for effective treatment is, however, a challenge in itself.
Traditional finger-prick testing can only be undertaken a few times a day in a practical manner, each requiring a
separate blood lancet and sample. These discrete readings may pose a challenge to the clinician to accurately
predict glucose trends and thus difficulties in safely prescribing insulin doses. Likewise, many variables affect
how a patient processes exogenous insulin at any particular time: dietary intake, physical activity, concurrent
illnesses, body temperature, blood flow to the injection site, lipodystrophy and the development of insulin
resistance, to name a few.""

Prior to the development of accurate home and hospital glucose monitoring systems, a large margin of error
existed when it came to insulin prescriptions. This was detrimental given the hazardous consequences of

hypo- and hyperglycaemia. Insulin dosing had to err on the side of safety (avoiding hypoglycaemic episodes),
which naturally gravitated towards sub-optimal management of diabetes. This necessitated the improvement in
glucose monitoring systems, insulin formulations and delivery systems to refine the ability to mimic physiological
endogenous insulin secretion.

INITIAL CHANGES IN INSULIN PREPARATIONS

Initial insulin preparations were crude by today’s standards, being prepared from bovine and porcine
pancreases. Although there are amino acid differences between the above mentioned animal and human
insulin, the pharmacodynamic and pharmacokinetic effects are remarkably similar. However, animal insulins are
exogenous, and long-term insulin administration was associated with the development of anti-insulin antibodies,
insulin resistance and lipoatrophy in a significant proportion of patients.'?

In the 1970s and 1980s, improvements in processing and chemical techniques allowed for the development
of modified animal insulins. The modifications resulted in insulins which were free of proinsulin and other
immunogenic polypeptides, also more closely resembling the amino acid sequencing of human insulin.'®

By 1982 the discovery of the gene for human insulin and the development of recombinant DNA technology
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allowed for the production of biosynthetic insulin, which has superseded animal insulin. Interestingly, human
insulin is also associated with development of anti-insulin antibodies, but these are generally in low titres and
are clinically insignificant.>'?

INSULIN ANALOGUES

Insulin analogues are insulin molecules in which, by means of recombinant DNA and genetic engineering
technology, changes are made to the amino acid structure to result in pharmacokinetic and pharmacodynamic
properties that differ from the original molecule. The biological properties and stability of the insulin molecule

is however preserved.'* The development of different analogues had made it possible for the development of
intermittent insulin dosing allowing for a closer imitation of the normal physiological variability in insulin secretion.

As mentioned before, insulin is stored as hexamers which dissolve into active molecules in the blood stream
upon release (see Figure 1). The time effects of rapid acting insulins are facilitated either by altering the
molecule by one or two amino acids to reduce the strength of the interactions that hold insulin molecules
together, or by formulating the molecule in a monomeric/dimeric state, removing the time delay associated
with hexamer dissolution.™ Varying the insulin formulation and thus the molecule to affect hexamer formation
is the key to speeding or slowing the absorption of injected insulin into the circulation. Examples of currently
prescribed insulin analogues include intermediate acting insulin glargine (an example being Optisulin®), and
rapid acting insulin lispro (Humalog®), and insulin aspart (Novorapid®).

Figure 1. Dissociation of insulin hexamers into rapidly-absorbed monomers
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INNOVATIVE DELIVERY SYSTEMS

Traditionally, exogenous insulin has been administered via subcutaneous injection — a reliable technique that

is still used commonly today. Subcutaneous insulin can be considered the gold-standard route of insulin
delivery. Plunger syringes were associated with inaccurate dosing (due to syringe dead space) and a negative
psychological impact, thus modern insulin pens were developed with smaller needles to provide a more
convenient, precise and flexible way to administer specific doses.'®'® Subcutaneous administration however is
associated with adverse effects including lipodystrophy, scar formation, oedema and allergy symptoms, leading
to investigations for improved methods of delivery.

Oral insulin has shown to be an ineffective alternative due to issues with poor absorption and enzymatic
proteolysis leading to low bioavailability.'” Although pulmonary delivery of insulin was first unsuccessfully trialled
in 1924, modern development of inhaled insulin was made possible by improvements in aerosolised delivery
systems and particle pharmacology.'® Inhaled insulin is associated with faster absorption, peak concentration,
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and more rapid metabolism. It is licensed in the US and has been used in the UK in select patient subgroups
(but not in Australia or New Zealand), albeit with a shaky start. The first approved product (Exubera®) was
withdrawn from the market in 2007 due to risks of hypoglycaemia, and the only remaining product (Afrezza®)
faces limitations in acceptance when compared to the more established subcutaneous insulin.’® Despite the
theoretical benefits of this route of administration, inhaled insulin has not penetrated the commercial insulin
market to a significant extent. The reasons are multifactorial; the perceived risks of altered respiratory function,
the lack of insurance coverage in the US, and the concurrent development of continuous delivery systems that
allow for insulin administration to more closely match that of normal physiology. Despite the low uptake, there is
continued research into this mode of delivery, including the potential for vibrating mesh technology (nebulisers),
especially for type 2 diabetics.?°

Insulin pumps are portable devices that provide an uninterrupted infusion of insulin, reducing the need

for repeated injections. This is termed “Continuous Subcutaneous Insulin Infusion” (CSII), and the initially
introduced systems supplied insulin at a steady basal rate with additional user-initiated bolus doses. Introduced
in the 1960s, they broadly are comprised of an insulin reservoir and infusion set.'® Pumps often take on the
form of a wearable electronic device (which stores the insulin and controls the rate of infusion) connected to a
subcutaneous cannula within the infusion set. However, patch pumps (such as the Omnipod DASH® or Accu-
Chek® Solo available in Australian and New Zealand markets) combine the two components into a single unit
that eliminates the need for connective tubing, attaching to the skin with an adhesive and improving freedom of
movement for patients.?'

By themselves, pumps rely entirely on user input to determine the rate and timing of insulin doses, especially
mealtime boluses. The development of continuous glucose monitoring (CGM) systems has opened up the
possibility of allowing pumps to auto-regulate insulin dosing by providing ongoing blood glucose level feedback,
helping to alleviate the issues associated with individual finger-prick testing. Dexcom, Medtronic and Abbott are
among some of the medical technology companies that offer CGM devices that attach externally for 1-2 weeks
and transmit data wirelessly to smartphones through Bluetooth scanning (or other similar digital connection).??
While not approved in Australia or New Zealand as yet, long-term implantable devices in the upper arm or
abdominal fascia that stay in situ for over six months provide a glimpse into the future of CGM, and have been
introduced into clinical practice in other countries.?

Automated insulin delivery systems have been a breakthrough in the management of type 1 diabetes, aiming
to function as an “artificial pancreas” that responds intelligently to blood glucose levels. They incorporate three
components: an insulin pump, a CGM, and an algorithm that communicates information between the two. The
first commercial device emerged in the late 1970s in the form of the Biostator — a bulky ventilator-sized machine
that was for inpatient use that relied on intravenous glucose sensing and insulin infusion.?* Since then, many
refinements have been made over the years, both to the equipment as well as the algorithms, improving their
ability to extrapolate glucose patterns and predict hypoglycaemia. A true closed-loop system that requires no
external input is still in only trial-stage technology, but several hybrid closed-loop (HCL) devices exist that are
partially automated, they still require user input for factors such as insulin-carbohydrate ratio and insulin action
time. Examples of portable HCL devices currently commercially available in Australia and New Zealand are the
Medtronic MiniMed™ 780G and the Tandem t:slim X2™ pump. Trials have demonstrated effective glycaemic
control with these systems, and they remain popular options for type 1 diabetics to this day.?>2¢

Automated insulin delivery (AID) systems are recommended for all type 1 diabetics. They are associated
with significant improvements in quality of life, a reduced diabetes management burden to patients and their
families and are safe and effective in helping patients achieve their long-term glycaemic goals while reducing
hypoglycaemia risk.2” Despite the improved technology and advantages, patients still require basic diabetic
management skills to ensure optimal results, and it may not be suitable for all patients.

CHANGES IN PERIOPERATIVE GLYCAEMIC MANAGEMENT

In an intraoperative setting, anaesthetists aim to regulate blood glucose levels between 5-10 mmol/L"
(depending on various protocols) to avoid the increased morbidity and mortality associated with hypoglycaemia,
and the risk of nosocomial infection associated with higher blood glucose levels.?® While more liberal
intraoperative glucose control ranging up to 12 mmol/L™" allows anaesthetists to err on the side of safety and
lowers the medication burden on the patient, it is associated with higher short-term mortality and postoperative
complications in both diabetic and non-diabetic patients.?® Tighter control is therefore desirable, this however
requires more attentive glucose monitoring to avoid hypoglycaemia.

The relatively recent introduction of AID systems into society has significant potential to change our approach
to perioperative glycaemic management. As detailed above, they can autonomously monitor blood glucose
and self-initiate insulin administration, theoretically making it easier to maintain tight glycaemic control
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intraoperatively. While research is still somewhat limited, initial trials on the perioperative use of AID systems
have been promising by demonstrating their ability to maintain patients in a safe glucose range.®*®'

Current approaches to CSlI (which also apply to AID systems) suggest re-siting the infusion set the day before
surgery in an area away from the operative field but still accessible to the anaesthetist, such as the abdomen

or thigh (depending on the operation). There are still limitations to insulin pumps intraoperatively though. They
are not appropriate for every procedure: emergency and protracted surgeries provide logistical barriers in
managing glucose with the pump’s supply of insulin, and radiological intervention may alter the device’s ability
to function. In these cases, disconnection is recommended with reversion to the ‘intraoperative gold standard’
of intravenous insulin infusion.®> However, the possibility of continuing the use of AID systems for shorter and/or
elective procedures provides an exciting area for further investigation in the future.

CONCLUSION

Compared with other medical specialties, anaesthesia makes use of a relatively narrow spectrum of
medications, many of which have had a long history of use in the specialty. As one of the few medical
specialties in which extensive postgraduate education in clinical pharmacology occurs, anaesthetists have the
unique opportunity to consider new and alternate methods of delivery of the drugs that we administer. That a
drug such as insulin has retained its place in clinical practice through these changes is a reminder that there

is always room for improvement and that change is necessary in our pursuit to improve the quality of life of
patients. In the absence of a functioning crystal ball, it is difficult to make predictions about the long-term future
of drugs, but in the absence of a cure for diabetes, it is likely that in another one hundred years insulin will
continue to be in use, albeit in different molecular forms and with delivery systems that will continue to have
evolved.
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BACKGROUND

Risk tools can help quantify risk and guide informed decision making for patients, anaesthetists, perioperative
physicians and surgeons. They can be used to estimate both mortality and morbidity. There is an ethical
imperative to provide patients with an estimation of risk of adverse outcomes during the surgical and
anaesthesia consent process. Risk tools can also help to identify high risk patients that may benefit from
increased postoperative surveillance and monitoring, allowing appropriate allocation of limited hospital
resources with the potential benefit of mitigating morbidity and mortality.!

An international prospective study as part of the Sprint National Anaesthesia Project, SNAP-2 collaborative,
showed that clinician judgement was commonly used as the only means to predict surgical risk. In this study
of 22,631 patients, it was the sole documented tool for risk assessment in 79% of patients.? The study
showed that the use of a risk prediction tool in conjunction with clinical judgement can improve estimation of
perioperative risk.?

Numerous surgical risk assessment tools primarily focus on predicting 30-day mortality following surgery.
However, there is a growing recognition that evaluating risk beyond this timeframe is crucial, particularly in
terms of long-term quality of life outcomes. For instance, the New Zealand based nzRisk tool goes beyond 30-
day mortality and incorporates the risk of mortality up to two years postoperatively.® Further, informing patients
about likely short and long-term quality of life is paramount. Although the American College of Surgeons
National Surgical Quality Improvement Program Surgical risk calculator (ASA NSQIP ACS) offers valuable
insights into mortality and morbidity outcomes in the US health system, there are limitations when applying
this risk tool to the Australian and New Zealand population. Additionally, there is also a lack of data linking

risk tools to a reduction in morbidity and mortality and to improvements in patient centred outcomes. Further
research is therefore imperative in this area to provide an evidence base upon which healthcare providers can
appropriately address the quality of life outcomes that may hold greater importance for many high risk patients.
Further research is also needed to determine the relationships between risk quantification tools and specific
modifications of care to reduce morbidity and mortality.

THE IDEAL RISK TOOL

An ideal surgical risk prediction tool would have a number of properties, including:

Statistical properties

High accuracy — The tool should be able to accurately predict the likelihood of the outcome.*

Good discrimination — Discrimination is a combined measure of the sensitivity and the specificity of a risk
prediction tool. It indicates that a tool can accurately distinguish between patients who do and do not
experience the outcome of interest. Discrimination is measured by the area under the receiver operating
curve (AUROC) or c-statistic.*



https://www.zotero.org/google-docs/?LWhpxe

72 Australasian Anaesthesia 2023

3. Good calibration — The tool should be well calibrated, meaning that the predicted probabilities of the
outcome match the observed outcomes over a range of values. This is commonly measured by the
Hosmer-Lemeshow test or Brier score.*

4. Locally validated — The tool should be validated in the population (country or health system) of interest.*

Further properties

5. Wide applicability — The ideal tool would be applicable to a wide range of surgical procedures and patient
populations.
Versatile — In addition to mortality prediction, the tool should be able to stratify risk of major morbidity.

7.  Simple and easy to use — The tool should be easy to use, with a clear and intuitive interface.®

8. Parsimonious — The ideal tool would require the user to input the smallest number of variables that will
provide an accurate prediction of the outcome.

9. Transparent and explainable — The tool should be transparent, with the ability to provide information on
how it arrived at a particular prediction.

10. Regularly updated — The tool should be recalibrated with the most recent population data to ensure it
remains accurate and reliable.®

11. Compliance with data privacy and security regulations — The tool should comply with any relevant
regulations, data security and privacy policies.

DISCRIMINATION VERSUS CALIBRATION

Discrimination is the ability of a risk prediction tool to differentiate between patients who do or do not get

the outcome of interest (for example, death within 30 days postoperatively). It is a combined measure of the
sensitivity and the specificity of a risk prediction tool. When sensitivity, or the true positive rate (y-axis) and
1-specificity or the false positive rate (x-axis), are plotted on a graph, the area under this curve is called the area
under the receiver operating curve (AUROC). The c-statistic is an alternative term for the same metric.

An AUROC or c-statistic of greater than 0.9 is considered to be excellent.® A value of 0.7 - 0.89 is considered
good®, while a value of less than 0.7 is considered poor.® High performing surgical risk prediction tools have
an AUROC or c-statistic of around 0.9 (for example, Surgical Outcomes Risk Tool (SORT) (0.917), nzRISK
(0.921%). A visual representation emphasising variations in calibration is provided in Figure 1.

Figure 1. Graph showing different models and discrimination
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observed outcomes. Calibration curves therefore show how predicted risk differs from the observed risk over
the range of different risk levels. For example a risk tool may consistently over predict or under-predict mortality.
Alternatively, it may predict mortality well in low risk but underestimate risk in high risk surgical patients. A visual
representation emphasising variations in calibration is provided in Figure 2.

Figure 2. Graph showing different risk models and calibration
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a test dataset. The statistical model is developed on the development dataset, then applied to the test dataset
in a process called internal validation. Internal validation confirms that the model is valid in the population from
which the dataset originated. Model validity is strengthened by external validation, which may be temporal or
geographic. In temporal external validation, the model is applied to the same or a similar dataset at a future
point in time. In geographical external validation, the model is applied to a different geographical region which
may have different underlying population or healthcare system characteristics. Risk prediction tools should
undergo external validation. Models should be externally validated before use in a different geographical or
healthcare setting.®

COMMONLY USED PERIOPERATIVE RISK TOOLS

There is a plethora of perioperative risk tools which have been used and are currently used.® The most
commonly used tools in the Second National Anaesthesia Project: Epidemiology of Critical Care provision
after Surgery (SNAP-2: epiCCS) study were American Society of Anaesthesiologists — Physical Status
(ASA-PS) (88.1%), Portsmouth Physiological and Operative Severity Score for the Enumeration of Morbidity
and Mortality (P-POSSUM) (6.2%) and Surgical Outcome Risk Tool (SORT) (3.3%).2 This article will aim to
introduce some of these risk tools including their evidence basis for use in the Australia and New Zealand
population. A comprehensive systematic review can provide further information on a wider range of risk tools
for interested readers.®

American Society of Anesthesiologists — Physical Status (ASA-PS)

While the ASA-PS was not designed as a risk prediction score it is commonly used amongst those involved
in the perioperative care of patients to convey risk.2® A two-centre study™ showed ASA-PS alone to have
reasonable discrimination for mortality (AUROC 0.810 SE 0.044 confidence interval 0.792 - 0.828).

ASA-PS forms a part of many risk scoring systems that will be discussed in this article including SORT
and nzRISK.
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The American College of Surgeons National Surgical Quality Improvement Program Surgical
Risk Calculator (ACS NSQIP SRC)

The ACS NSQIP SRC (NSQIP) was originally created in 2013 and subsequently updated with improved
calibration in 20162 and 20212, It has been developed from nearly 400 hospitals across the United States
of America, based on data from 1,414,006 patients. The algorithm behind the risk calculator is not publicly
available. Twenty-one variables are required to predict 30-day mortality and morbidity. The calculator requires
the specific surgery to be entered. This tool does allow the medical practitioner to adjust the risk score if it is
thought to have underpredicted the risk.

In the initial development, based on the population data described above, the model had excellent performance
for mortality (AUROC = 0.944, Brier score = 0.011), and morbidity (AUROC = 0.816, Brier score = 0.069)."!

A number of studies have been performed to investigate the accuracy of the NSQIP risk calculator in the
Australian and New Zealand population with a range of results. A recent retrospective study of 200 patients
undergoing plastic and reconstructive surgery at a public tertiary referral centre in New South Wales concluded
that the NSQIP risk calculator was a poor predictor of postoperative complications (AUROC 0.699, Brier
score = 0.087).'* A retrospective study of 2321 patients undergoing all surgical procedures, performed at
another public tertiary referral centre in New South Wales, showed the NSQIP risk calculator performed well
at predicting mortality (AUROC 0.93) but performed less well at other morbidity outcomes (AUROC 0.71),
calibration was not reported.'® In a different public tertiary referral centre, again in New South Wales, a study
involving a small cohort of 58 patients who met the selection criteria of high risk (mortality risk >5%) general
surgical emergency procedures demonstrated that the NSQIP risk calculator held reasonable discrimination
for mortality (c-statistic 0.835 95% confidence interval 0.654 - 0.977). Overall, the study found the risk tool
overpredicted mortality (Brier score = 0.125). Analysis of secondary outcomes found the risk tool to be
inaccurate. The authors ultimately concluded that there was “insufficient evidence to reject the ACS model"'®

It is clear that NSQIP, in its current iteration, is not perfect for the Australian and New Zealand population given
its inaccuracies both in broader surgical specialities and specific surgical specialties.

Surgical Outcome Risk Tool

The Surgical Outcome Risk Tool (SORT) is a risk prediction tool developed in the United Kingdom on a
cohort of surgical patients undergoing inpatient non-cardiac and non-neurosurgery. The cohort also excluded
obstetrics and transplant surgical patients. It was created as a result of data from the National Confidential
Inquiry into Patient Outcome and Death (NCEPOD) audit “knowing the risk™”. It provides a risk of mortality
based on 10 preoperative variables.

There are many advantages of the SORT. It is easily accessible online'8, it has a smartphone app' and
it utilises preoperative variables. The ease of access and functionality allow it to be used by a range of
perioperative physicians.

A number of international external validation studies of SORT have been conducted, including the Second
National Anaesthesia Project: Epidemiology of critical care after surgery (SNAP-2: EpiCCS) study, the nzRISK
study, and Australian external validation studies.

SNAP-2: EpiCCS (SNAP-2)

The SORT was evaluated in a cohort of 22,631 patients, encompassing individuals from the United Kingdom,
Australia, and New Zealand, as part of the SNAP-2 project.? SNAP-2 was a prospective study conducted over
a one-week duration, investigating mortality in patients undergoing inpatient surgery. The study involved 274
hospitals. Ethical approval was obtained to enrol all eligible patients during the designated week in the United
Kingdom and New Zealand, as well as numerous regions of Australia. Comparative analysis was performed
between clinical judgement, P-POSSUM, surgical risk score (SRS), and SORT. Table 1 presents the findings
of this investigation. Notably, the combined utilisation of clinical judgement and SORT demonstrated superior
discriminatory ability. It is important to note that all the assessed methods exhibited a tendency to overestimate
risk of mortality within the study population.
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Table 1. Area under the receiver operating curve (AUROC) adapted from results for different risk
prediction tools in the SNAP-2: EpiCCS study?

Assessment tool Discrimination (AUROC) for mortality
Clinical judgement alone 0.89

SORT 0.9

P-POSSUM 0.89

Surgical risk score 0.85

Clinical judgement and SORT 0.92

SORT = Surgical Outcomes Risk Tool
P-POSSUM = Portsmouth Physiological and Operative Severity Score for the Enumeration of Morbidity and Mortality

NEW ZEALAND

When the SORT was applied to the New Zealand population it provided good discrimination for 30-day
predicted mortality but poor calibration.?

In the nzRISK validation study, data from the New Zealand National Minimum Data Set for patients having
surgery between January 2013 and December 2014 was used. External validation of SORT was conducted on
a cohort of 360,140 patients who underwent surgery during the study period. The findings revealed satisfactory
discrimination with an AUROC of 0.906. Calibration was found to be poor, with calibration slope of 5.32. These
results suggest that SORT may not be valid for use in this national surgical population.® A random 75% split of
the New Zealand Minimum Data Set data was then used to develop the nzZRISK model, which was validated in
the remaining 25% of the data set.®

During internal validation of nzRISK; incorporation of sex and ethnicity variables, in addition to those used in
SORT, was performed to assess 1-month, 1-year, and 2-year mortality outcomes. The results demonstrated
excellent discrimination, with AUROC values of 0.921, 0.904, and 0.895, respectively. Furthermore, the
calibration improved to 1.12, 1.02, and 1.02, respectively.® The ability to calculate mortality beyond 30 days is
an additional benefit of this tool.

When nzRISK was tested on a Western Australian retrospective patient cohort it performed well for
discrimination (AUROC 0.909) but was inferior to the SORT for calibration in this cohort of patients.?

AUSTRALIA

Further work has been conducted looking at the validity of the SORT at assessing 30-day mortality risk in
Australia. An Australian external validation study looking retrospectively at 161,277 private healthcare patients?'
showed good discrimination (c-statistic 0.96). The SORT showed good calibration over the prediction

range 0-10% but over-estimated mortality in the small cohort above 10% 30-day predicted mortality risk.

The authors comment that the confidence interval did approach the calibration line. It should be noted that
this private healthcare cohort had a low mortality rate of 0.2% indicating that this cohort of patients may not
represent the general Australian population due to selection bias and classification bias. It may be prudent

to include covariables such as private health insurance status and hospital setting in a risk prediction tool,
considering the potential variations in perioperative mortality. Another retrospective study with over 44,000
patients looking at a tertiary hospital in Western Australia from 2014-2021 showed SORT to have the highest
discrimination (AUROC 0.922). SORT also exhibited good calibration but consistently overpredicted 30-day
mortality risk which increased with age of the patients. This study interestingly showed thresholds for the top
decile (>3.92%) and second highest decile (1.52-3.92%) of predicted 30-day mortality risk. These deciles
contributed 76% and 13% of the deaths respectively.?

These papers highlight how important it can be to ensure external validation of a risk prediction tool outside
of its original population. Risk prediction tools may be internally valid but may not be externally valid. There is
currently a risk prediction tool specific to the Australian population under development.
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RISK TOOLS IN SPECIFIC SURGICAL POPULATIONS
Patients undergoing emergency laparotomy

Patients undergoing emergency laparotomy represent a high risk cohort. In the United Kingdom the national
emergency laparotomy audit (NELA) has been running for nine years.

The NELA risk adjustment model was developed to enable hospitals to compare their outcomes in patients
undergoing emergency laparotomies, taking into account the differences in patient risk profiles between
hospitals. It recognises that one hospital may be treating a sicker cohort of patients compared to another
hospital within a specific time frame. Consequently, the model allows for a fair assessment by adjusting for
these differences, as higher mortality rates would be anticipated in the hospital with more high risk patients.

The initial audit led to a drop in perioperative mortality for this high risk cohort??, therefore the NELA risk tool
has been adjusted using more recent data. Mortality from emergency laparotomies has dropped from 11.8%

to 9.2%.% The current risk tool utilises data from almost 74,000 patients undergoing emergency laparotomies
performed from 2016-2019. The risk tool has good discrimination (c-statistic 0.863) and adequate calibration.?*

The risk tool is easily accessed with a website?® and a free smartphone app?®. Thirteen variables are required for
the calculation. Compared to other tools, SORT requires 10, nzRisk requires 9 and ACS NSQIP SRC requires
21 variables.

Several Australian and New Zealand studies have examined the validity of the NELA score in Australasian
patients, with variable results. The Australia and New Zealand Emergency Laparotomy (ANZELA) group
investigated mortality among 2,799 patients across 26 hospitals in Australia and New Zealand. Mortality was
found to be 7% in this cohort of patients. The NELA score predicted a 9% mortality rate (27,28). A smaller
single centre study at University Hospital Geelong involving 285 patients observed a mortality rate of 6%
compared to a NELA predicted mortality of 11090.282°

A retrospective study performed at four Australian centres® identified 562 patients undergoing emergency
laparotomies. The cohort had a 30-day mortality rate of 10.5%. The study found NELA to be sensitive (88.1%)
at identifying high risk emergency laparotomy patients. The risk score managed to identify 52 of these patients
who died as being high risk (defined as greater than 10% risk of 30-day mortality). The study found NELA to be
comparable to ACS NSQIP SRC (p = 0.18) and P-POSSUM (p = 0.07).

A retrospective cohort study®' performed at a single centre in Auckland, New Zealand, showed the NELA
score compared favourably to other assessed risk scores (P-POSSUM, Acute Physiology and Chronic Health
Evaluation (APACHE) and ACS NSQIP). The authors examined 758 cases retrospectively. They found a 30-
day mortality in this cohort of 7.9%. The NELA score showed the highest discrimination with AUROC of 0.883.
The NELA score was also found to be the best calibrated scoring system (7.4% v 7.9%, p = 0.95). The study
found the other risk scores significantly overpredicted (P-POSSUM 13.4% and APACHE-II 14.2%, p<0.001)
and underpredicted mortality (ACS NSQIP 5.4%, p = 0.0023). The study also showed that the addition of
modified frailty index and nutritional status improved the discrimination of all the risk scores.

Patients with a hip fracture

The Nottingham Hip Fracture Score (NHFS) was developed in 2008 to predict 30-day mortality®? in patients
undergoing surgery for fractured hips. The tool was developed using a cohort of almost 5,000 patients from a
single centre in Nottingham, United Kingdom. The original risk tool used seven preoperative variables and had an
AUROC of 0.719. Subsequently the risk tool was updated in 2015. A 2011 study showed that the NHFS was
useful at delineating low risk (NHFS less than or equal to 4) or high risk (NHFS greater than or equal to 5) and
predicted an increased risk of 30-day and one year mortality.** The NHFS has been further updated following
subsequent studies in other centres.?* The risk tool has had variable success when externally validated.35-%”

One systematic review of different risk tools in patients with hip fractures showed the NHFS compared well
with other tools analysed.®® One study examined the use of the NHFS in an Australian population. This single
centre, public hospital, retrospective cohort study showed an AUROC of 0.760 (95% confidence interval 0.631
- 0.888) in a cohort of 195 patients.®® The advantages of this risk tool are that it is easy to access online*°, is
quick to perform and all variables are objective and can be obtained preoperatively.
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ENCOURAGING THE USE OF PERIOPERATIVE RISK TOOLS

Although there is currently no evidence that the use of risk tools improves perioperative outcomes, utilisation of
perioperative risk prediction tools combined with clinical judgement, can be useful in identifying high risk patients.?
It can also have a benefit in initiating conversations between specialties and improve shared decision making.”

Risk scoring adds objectivity to referrals and may improve communication about urgency of operations
especially in the emergency setting. Finally risk scoring can help improve the consent process in both the
elective and emergency setting.” Despite these advantages, risk tools were only used by 11% of clinicians in
the SNAP2-EpiCCS study.?

Some strategies to increase the use of perioperative risk tools include:

Education

This can include quality improvement projects.*" A quality improvement project undertaken in 15 Irish hospitals
aimed to develop a nationwide surgical trainee-led quality improvement (Ql) program to increase the use of
perioperative risk scoring in patients undergoing emergency laparotomies. There was a successful increase

in the use of perioperative risk scoring in emergency laparotomy patients (using NELA or P-POSSUM) from

0 to 11% during the initial exploratory phase and then 35 to 100% in the full implementation phase. Various
strategies including regular emails, posters, instant messaging, and education via grand rounds were used to
increase uptake.*'

Changing attitudes of clinicians would also be an important element. A survey performed in the United States
of America examining surgeons’ use of perioperative risk tools found that attending surgeons were less likely
to use risk tools and rely more on experience and literature. Resident surgeons were more likely to use a
perioperative risk tool.*?

Improving access to tools

In practice, integration into the electronic medical record and utilisation of portable electronic devices to access
risk scoring apps (for example SORT) or websites such as MDCalc*?, may improve access to these tools in the
perioperative period.

Mandatory risk scoring in documentation

Other strategies that could be used include a requirement for some objective documentation of risk assessment
for all patients undergoing emergency surgery at the time of booking, allocation of space in the anaesthetic
preassessment form for risk scoring and the use of risk scoring in perioperative high dependency/intensive care
unit referrals.

RE-CALIBRATION

Postoperative mortality generally improves over time.** A Western Australian study?® demonstrated how
calibration of a risk prediction tool can degrade over time, moving from being very accurate in the development
cohort to gradually over-predicting risk by increasing amounts as time passes. This study demonstrates the
importance of regularly recalibrating risk prediction tools to ensure they remain valid in the target population.

THE FUTURE

The use of surgical risk prediction models is expected to continue to grow and evolve in the future, as
advancements in data analytics, artificial intelligence and machine learning increasingly play a role in improving
the development and application of these tools. With increasing amounts of perioperative data being collected
and analysed, it is expected that their performance and applicability will continue to improve, helping to identify
patients who are at a higher risk for complications and mortality. While the hope is that identifying high risk
patients will enable healthcare providers to take steps to mitigate these risks, there is currently little evidence
that identification of high risk patients can directly change perioperative outcomes. While it is relatively
straightforward to develop or update a risk prediction model, the far greater challenge is to demonstrate that
these models can impact outcomes, including patient centred outcomes. There is a need for national and
international collaborations to investigate the impact of data-driven, risk stratified, perioperative care to improve
perioperative outcomes, and this should be a priority for healthcare providers, payers, and patients.
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INTRODUCTION

Heparin is documented as being discovered in 1916, and is the oldest anticoagulant? used for the

prevention and treatment of venous and arterial thrombosis. In anaesthesia, heparin is commonly given for

the prevention of thromboembolic complications (TEC) during cardiac and vascular surgery. It is also used

as an anticoagulant for extracorporeal circulations, whole blood transfusion, dialysis, cell salvage, and as

an anticoagulant in laboratory blood samples. Although unfractionated heparin has greater inter-individual
variation in pharmacodynamic effects compared to low molecular weight heparin, its low cost, short half-life,
and rapid reversibility with protamine makes it the anticoagulant of choice when careful perioperative control of
anticoagulation is needed. This article will focus on non-cardiopulmonary bypass uses of heparin in anaesthesia,
as its application in cardiopulmonary bypass has recently been covered in depth.?

Pharmacology of heparin

Heparin sodium contains a heterogeneous mixture of negatively charged, sulphated glycosaminoglycan
molecules ranging from 3000 to 30,000 Da in molecular weight (mean ~15kDa), which corresponds to
approximately 45 saccharide units.*® Due to this heterogeneity, the bioactivity and physiologic action of
unfractionated heparin (UFH) can be broad and unpredictable.” The WHO standard for UFH has a potency

of 122I1U/mg of heparin, and since 2008 this has been adopted by the United States Pharmacopeia (which
previously used its own standard of 150 1U/mg).? This reduced potency is worth noting when looking at heparin
doses from older resources. Heparin is prepared from porcine lung and intestinal mucosa (bovine, porcine, or
sheep, although porcine is the predominant source worldwide), but it is acceptable to most Jewish and Islamic
patients due to its non-enteral route and its medical necessity.?

Low molecular weight heparin (LMWH), such as enoxaparin, is prepared via controlled enzymatic cleavage

of UFH to produce smaller molecules (mean ~5kDa) with shorter chains (~15 saccharide units) and more
predictable actions. LMWH is thus usually the preferred heparin for outpatient and ward-based administration
due to its improved bioavailability, lower protein binding, more precise pharmacokinetics, and thus lower
requirement for monitoring.” Ultra-low molecular weight heparins (ULMWH) have subsequently been
developed, but have not gained widespread use due to their lower benefit-to-cost ratio.

The presence of a unique five-sugar sequence (i.e., pentasaccharide) is required for any type of heparin to

bind to antithrombin and exert its anticoagulant activity.” Binding of this pentasaccharide to Antithrombin IlI
(AT) induces a conformational change, converting it from a slow to a rapid inhibitor of serine proteases and
thus enhancing its anticoagulant activity 1000-4000-fold.™ However, the pentasaccharide-bound AT inhibits
only factor Xa. A longer polymeric chain containing 18 or more polysaccharide units is required to bind both
antithrombin and thrombin to form a ternary heparin/AT/thrombin complex (Figure 1) in order to inhibit thrombin
activity.>"%'" This explains why LMWH preferentially inhibits factor Xa than thrombin in a 2:1 to 4:1 ratio,
depending on the composition of the chain lengths in a given preparation. Whereas UFH inhibits both factor Xa
and thrombin, with its overwhelming effect on thrombin.

Approximately one-third of UFH molecules in the usual clinically administered dose possess the unique
pentasaccharide sequence responsible for its anticoagulant effect described above.
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However, at concentrations higher than those administered clinically, heparin chains with or without the
pentasaccharide sequence start to catalyse thrombin inhibition by a second plasma cofactor, heparin cofactor
I1."2 At even higher concentrations, low-affinity heparin impairs factor Xa generation through AT- and heparin
cofactor Il (HCIl)-independent mechanisms.'® By inactivating thrombin or attenuating its generation, heparin
not only prevents fibrin formation from fibrinogen but also inhibits thrombin-induced activation of platelets and
thrombin-induced activation of factors V, VIII, and XI.'*'® Heparin also prevents the formation of a stable clot
by inhibiting the activation of fibrin stabilising factor (XIII). The primary locations of common clinically used
anticoagulants are presented in a simplified form in Figure 2.

Figure 1. Pharmacology of heparin and low molecular weight heparin'®®
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The unfractionated heparin/ATIII complex binds to non-fibrin bound thrombin (lla) at a high affinity and inactivates it.
The same complex inactivates factor Xa, but the heparin molecule only binds to ATIII in this situation. In contrast, the
ATIII/LMWH complex inactivates factor Xa in a similar fashion, but at a much greater affinity compared to UFH. There
is clinically insignificant binding of LMWH/ATIII to thrombin.

The pharmacokinetics of heparin are complex. It is extensively bound to plasma proteins, and it also binds to
endothelial cells, macrophages, and von Willebrand factor which inhibits von Willebrand factor-dependent
platelet function.™ Heparin is degraded by heparinases and cells in the reticuloendothelial system. Initial
clearance of heparin at lower doses is rapid and linear but at higher doses the clearance becomes non-linear.
The apparent biological half-life of heparin is thus dependent on the dose given (Table 1 and Figure 3)*'” and
this should be taken into consideration when determining protamine dosage required for reversal (if quantitative
testing for heparin concentration is not in use).
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Figure 2. Anticoagulant effects on the coagulation cascade (simplified)
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Anticoagulant activity of commonly used clinical agents occurs at two primary locations in the coagulation cascade.

Table 1. Heparin dose and variability in duration of action

Heparin dose (1U/kg) Approximate apparent biological half-life (mins)
25 30

100 60

400 150

Figure 3. Schematic representation of heparin dose and impact on anti-Xa pharmacology
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The pharmacology of heparin's anticoagulant activity varies based on the amount (and subsequent concentration)
administered.'®'® Reproduced with permission from Dr Bruce Cartwright.
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The dose of heparin utilised varies markedly with different clinical indications. Very low doses of heparinised
saline (10U/ml) are used to keep intravascular devices patent. For arterial vascular surgery, 100U/kg is often
recommended, aiming for an ACT approximately 200-250 seconds as a standardised dose of 5000 units is
often inadequate.?® Targeting higher ACT levels, up to 350 seconds, may increase bleeding complications
without reducing thrombotic complications.?’ When heparin is used for cardiopulmonary bypass a higher
dose of 300-400U/kg is used whilst aiming for an ACT of >480 secs. Heparin is excreted in the urine, but
in contrast to LMWH, there is no renal dose adjustment required. There is insufficient evidence to make
recommendations for dose adjustment in obesity, although it has been suggested that adjusted body weight
(ideal body weight + 40% of excess) could be used.?

Heparin does not cross the placenta and isn't excreted in breast milk. Bleeding time is usually unaffected and
clotting time is not measurably affected by low dose heparin but is prolonged by therapeutic doses. Patients
older than 60 may have a longer APTT prolongation for a given dose of heparin. Half-life may be slightly
prolonged in renal impairment and either increased or decreased in hepatic impairment. Heparin does not have
fibrinolytic activity and as such, should not be used to lyse existing clots.

Clinical monitoring of heparin effect

The anticoagulant effect of therapeutic parenteral heparin is traditionally, and most accurately, monitored
using clot based or chromogenic laboratory tests such as Activated Partial Thromboplastin Time (APTT) or
anti-Xa assays respectively (see Table 2). Additionally, in cardiac surgery, whole-blood heparin levels may be
determined using an automated protamine titration device (Hepcon).?®

Heparin infusions are commonly titrated to achieve a “therapeutic” APTT of 1.5-2.5x the normal range,
corresponding to a heparin level of 0.2-0.4 |U per ml by protamine titration.® The processing time required for
protamine titration (typically thirty minutes or more) usually make these tests impractical for intraoperative use.
Although there are instruments available to measure point of care APTT, these have shown poor precision and
comparability to the laboratory standard.?* Activated clotting time (ACT) is widely available and familiar in the
theatre environment and gives rapid results.

Table 2. Functional (clot-based) and chromogenic assays

Clot-based assays Chromogenic assays

Point of care examples ACT, TEG, ROTEM -

Laboratory examples PT, APTT, TT Anti-Xa

Advantages Simple, fast, some are point of care Quantitative

Limitations Semi-quantitative, result less specific Lab based.
- e.g., High Factor VIl levels could
underestimate heparin effect. Presence of

lupus anticoagulant will overestimate it.

Need specific assays for
different anti-coagulants.

Longer processing times.
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Table 3. Examples of point of care testing

Instrument Manufacturer Sample ACT activator ACT clot Alternative
detection analyses
method available

Haemochron Accriva Capillary or ACT+ test Optical/ ACT HR or LR,

Signature Elite | Diagnostics whole blood uses a mixture | mechanical POC INR &

(WB) (native or | of silica, APTT
citrated) kaolin, and

phospholipids;

ACT-LR test

uses Celite

activator.

iISTAT Abbott WB Kaolin, celite Electrogenic, ACT, POC INR
amperometry

Actalyke Mini Il | Helena WB Celite, kaolin, Magnet rotation

Laboratories glass beads

ACT Plus Medtronic WB (native or Plunger motion | ACT HR or LR,

citrated) heparinase

Adapted from?*. Whole blood (WB), Point of care (POC).

Heparin resistance

Heparin resistance is usually defined as the need for greater than 35,000 units of heparin in 24 hours to
reach a therapeutic APTT?® (in non-cardiopulmonary bypass). It is more common in patients undergoing
cardiopulmonary bypass (up to 20%) where it is defined as the need for more than 500 units per kilogram of
body weight to achieve an activated clotting time of 400 to 480 seconds.?® Measuring a baseline ACT does not
appear to help predict heparin resistance preoperatively.?®

Causes of heparin resistance

e Antithrombin (AT) deficiency
» Congenital

= ~1:5000 incidence

= AT levels of 40-60% of normal

» Acquired

= Heparin therapy - the thrombin-antithrombin complex is cleared

ACT tubes use clot-promoting reagents such as celite or kaolin to standardise and quicken fibrin formation
induced by contact activation of the coagulation protein factor XIl. The ACT test results reflect the ability of

a blood sample to clot in this fashion and the ACT is thus prolonged in the presence of heparin. The more
prolonged the ACT result is from baseline or normal values the greater the degree of anticoagulation. The ACT
result is not entirely specific and can be affected by haemodilution, hypothermia, pharmacologic compounds,
and various coagulopathies. There are numerous different machines available in Australia such as Actalyke
(HELENA laboratories), Haemochron (Werfen), and ACT Plus (Medtronic) (Table 3). Different cartridges/tubes
should be used depending on the clinical application — for example ‘low range’ (LR) during haemodialysis/
ECMO or ‘high range’ (HR) during vascular surgery or cardiopulmonary bypass. Using the incorrect cartridge
can be misleading, as the ratio of activators to heparin concentration determines the response curve of ACT
vs plasma heparin concentration. For example, at a heparin concentration of approximately 1.21U/ml a HR
cartridge may show an ACT of approximately 180 seconds whereas a LR cartridge may produce an ACT of
350 seconds. The use of a heparinase/control cartridge after protamine administration can help the clinician
decide if there is ongoing heparin effect or other factors causing the ACT to be prolonged.

Point of care viscoelastic testing such as TEG or ROTEM also allows for additional assays to be run with
heparinase added. This can be used alongside the ACT to guide protamine administration, although it should

be noted that viscoelastic assays are relatively insensitive to low range heparin concentrations, below 0.3 [U/ml.

by the reticuloendothelial system - AT levels decline by ~5-7% per day.
= Liver disease

® Upregulated coagulation system
- Disseminated Intravascular Coagulation (DIC)
+ SARS-CoV-2
* Non-specific binding
+ Anionic heparin molecules bind many different proteins including platelet
factor 4, glycoproteins, von Willebrand factor, fibrinogen, and factor VIII.
® Platelet interactions

® Andexanet alpha
+ Xa decoy - apixaban/rivaroxaban reversal agent

® Pseudo (apparent) heparin resistance

Although most heparin resistance is due to antithrombin deficiency, supplemental antithrombin doesn’t always
raise ACT, suggesting there is also an anti-thrombin-independent mechanism.
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Management of heparin resistance

When heparin resistance is discovered, the first step is to determine whether there is true heparin resistance
(in vivo blunting of heparin's anticoagulant effect) or pseudo (apparent) heparin resistance, where there are
subtherapeutic APTT/ACT values despite therapeutic in vivo anticoagulation. To help differentiate true from
pseudo heparin resistance, the APTT and anti-Xa assay levels should be measured on the same blood sample.
The anti-Xa assay relies on free factor Xa (i.e., not bound by the antithrombin-heparin complex) and, unlike the
APTT and ACT, it is not affected by other clotting factors (e.g., high factor VIl levels as seen in SARS-CoV-2
patients?”) or acute-phase reactants.?® True heparin resistance, where both APTT/ACT and anti-Xa levels are
concordantly lower than expected, is most commonly due to decreased antithrombin activity. Antithrombin
chromogenic functional assays are the best first test for antithrombin deficiency with a normal range being
approximately 80-130%. Additional specialised tests to differentiate type 1 (quantitative deficiency) vs type

2 (dysfunction) are not standard but are available in some laboratories. Unfortunately, it is often not practical

to wait for formal anti-Xa or antithrombin Il assays during surgery and empirical treatment is often used. As
antithrombin Ill deficiency is the most common cause of heparin resistance, empirical treatment with 1000 units
of purified human antithrombin Il concentrate is expensive but usually effective in achieving a therapeutic ACT.?®
If antithrombin concentrate is not available, fresh frozen plasma (FFP) can be used with 1ml of FFP containing
approximately 1 1U of antithrombin.

Andexanet alpha (a factor Xa decoy) is a new reversal agent for rivaroxaban and apixaban, but it also binds to
antithrombin Ill reducing the thrombin Ill-heparin complexes which could preclude adequate anticoagulation
with heparin. Administration of antithrombin Il or bivalirudin could be considered in this settting.®°

Protamine

Protamine sulfate is a positively charged basic protein, originally isolated from salmon fish sperm but
increasingly manufactured with recombinant technology.®" Protamine neutralises the effect of anionic

heparin through electrostatic binding in a 1:1 ratio to form a protamine-heparin aggregate. As neutralisation

is dependent on molecular weight, protamine will only partially neutralise low molecular weight heparin.®?
Protamine has a rapid onset of action, within 5 minutes, and a short half-life of approximately 10 minutes. 1mg
of protamine will neutralise 100 units of heparin but as heparin is being continuously excreted, the dose of
protamine should be reduced if more than 15 minutes has elapsed since the heparin administration. If excessive
protamine is given it will have anticoagulant effects via interference with platelet function, clotting factors, and
enhanced fibrinolysis.®' Adverse effects to protamine (Table 4) can be non-immunologic or immunologic and are
highest in patients with previous protamine exposure (including in some insulin formulations) and patients with
vasectomy or fish allergies. The haemodynamic effects of protamine administration are greatly reduced if it is
given by slow infusion.

Table 4. Adverse effects of protamine administration
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Adverse effect Clinical sequelae
Vasodilation Hypotension
Pulmonary vasoconstriction Pulmonary hypertension or right ventricular

dysfunction

Anaphylaxis or Anaphylactoid reactions Hypotension, bronchospasm

Heparin induced thrombocytopaenia

Heparin induced thrombocytopaenia (HIT) has two main types. Type 1 (sometimes simply referred to as
“heparin associated thrombocytopaenia” to avoid confusion) affects up to 10% of patients exposed to heparin
and usually causes a mild thrombocytopaenia within 1-4 days of heparin administration. It is due to a direct and
non-immune mediated activation of platelets causing clumping or sequestration but carries no increased risk
of thrombosis.®® In contrast, Type 2 HIT, which occurs in approximately 0.3% of vascular surgical patients,**
causes a delayed (typically 5-11 days post heparin exposure) and more severe reduction in the platelet count
as it is immune mediated. IgG develops in response to formation of a heparin-platelet factor 4 (PF4) antigen.
This can cause irreversible aggregation of platelets and progress to the development of arterial and venous
thromboses and mortality in up to 30% of patients. If a diagnosis of HIT is suspected, a pre-test probability can
be estimated using the 4T scoring system (Table 5) prior to performing heparin-PF4 antibody testing, as it not
necessary (or usually recommended) for patients with low pre-test probability.®® If a patient has intermediate or
high-risk probability, heparin should immediately be discontinued, and haematological advice sought as further
testing with immunoassays and/or functional assays should be strongly considered. Low molecular weight

heparin (LMWH) cannot be used in patients with HIT due to the strong cross reactivity of the HIT antibody with
LMWH-PF4 complex. Alternative anticoagulants, such as bivalirudin (a direct thrombin inhibitor), should be
used for all patients with suspected, acute, or subacute HIT. Patients are said to have “Remote HIT" if enough
time has elapsed such that both functional and immunoassays are unable to detect anti-PF4 or anti-heparin
antibodies. In these patients it is reasonable to use heparin in emergency settings if non-heparin anticoagulants
are not available or clinical experience is lacking.%®

Table 5. 4T Scoring System

2 points 1 point Not significant
Platelet fall >50% >30-50% <30% fall

Drop by 20-100 Drop by 10-19 Drop <10
Timing Onset 5-10 days Outside 5-10 days by 1 day <4 days
Thrombosis Skin necrosis, new DVT/ | Progressive or recurrent (e.g., new None

PE defect with existing PE)
Other cause of None Possible - e.g., haemodilution Definite
thrombocytopenia

Low risk <3 points; Intermediate risk 3-5 points; High risk >5 points

Bivalirudin is a synthetic direct thrombin inhibitor first introduced for percutaneous coronary intervention (PCI)
in the early 1990s. It has the theoretical advantages of inhibiting fibrin-bound thrombin, a predictable effect of
anticoagulation and a short half-life of approximately 30 minutes if renal function is normal.?® Unlike heparin, it
lacks a specific reversal agent, and its half-life is significantly prolonged in renal impairment. Argatroban can be
used as an alternative in patients with severe renal impairment (Table 6).

Table 6. Heparin alternatives — pharmacology and suggested dosing

Heparin Mechanism Half-life Indication Dose Dose
alternative (mins) adjustments
HIT/Acute 0.1-0.15mg/kg then
coronary 0.25mg/kg/hr
syndrome (ACS) ;
Bivalirudin 25 Y Reduce dose in
Percutaneous 0.75mg/kg then renal impairment.
coronary 1.75mg/kg/hr
intervention (PCI)
plr?cft thrombin HIT/ACS 2mcg/kg/min Reduce dose
inhibitor . .
in hepatic
impairment.
Argatroban®’ 50 .
PCI 250mcg/kg then 15- | Consider
25mcg/kg/min 100mcg/kg bolus
titration to effect.

In a meta-analysis comparing bivalirudin (0.75mg/kg loading + 1.75mg/kg/hr) versus unfractionated heparin
(50-100 U/kg) for peripheral endovascular procedures (PEP) there were no significant differences in rates of
procedural success, major and minor bleeding, transfusion requirements, perioperative TlAs, or haemorrhagic
strokes.®® Another meta-analysis of retrospective studies showed that bivalirudin used for PEP may be
associated with lower all-cause mortality and bleeding complications but further large RCTs were considered
necessary to confirm these results.®®
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Heparin allergy

The most common adverse effect of heparin is haemorrhage. Late side effects can include alopecia,
osteoporosis, lipodystrophy, and raised liver enzymes. Although true allergy to heparin is rare, all types of
allergic reactions have been described. The most common allergic mechanisms are cell mediated type IV
(e.g., erythematous cutaneous plaques) and antibody mediated Type Il reactions (e.g., HIT type 2, as previously
discussed).*® Immediate Type | reactions are very rare. Heparin necrosis, a differential diagnosis of Type IV
mediated rashes, can also occur and is the cutaneous manifestation of the severe form of HIT Type 2.

Perioperative management of heparin infusions

For patients on therapeutic heparin infusions, if the APTT is in the therapeutic range (typically 55-90 seconds) it
is usually recommended to cease the infusion six hours prior to surgery. This may vary depending on the clinical
assessment of the patient’s relative risk of bleeding compared to their risk of TEC.

The American Society of Regional Anesthesia (ASRA) recommend cessation of intravenous heparin six hours
prior to neuraxial blockade or epidural catheter removal.*° It should be noted that if the APTT is above the
therapeutic range, a longer cessation time is required, and normal coagulation status should be verified prior to
neuraxial blockade or surgery with critical bleeding risk (e.g., neurosurgery).

ASRA recommend waiting at least one hour after neuraxial anaesthetic procedures before restarting a heparin
infusion. Recommencing heparin infusions post-surgery is largely based on surgical preference and again must
consider the patient’s bleeding versus TEC risk profile.

CONCLUSION

Intravenous heparin is a familiar drug that is widely available, low cost, and rapidly reversible. It has numerous
applications in anaesthesia and perioperative medicine, and understanding its advantages, shortcomings, and
nuances is valuable for all anaesthetists and perioperative staff.
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BACKGROUND

In Australia and New Zealand, rates of chronic liver disease and its associated complications are on the rise.
This increasing burden of liver disease highlights the importance for anaesthetists to understand the risks and
complexities that make perioperative management challenging for this unique group. In general, patients with
liver disease have a significant risk of morbidity and mortality after anaesthesia and surgery, with potential for
deterioration into life-threatening hepatic failure. Overall, patients with liver disease have higher transfusion
requirements, higher infection rates, increased rates of cardiac compromise and longer hospital stays compared
to those without liver disease.’

Advances in screening and management of liver disease and its complications, namely portal hypertension,
presents a challenge for the anaesthesia community. Historically, treatment of portal hypertension and its
sequelae was limited to medical management or liver transplantation. There have been a number of recent
expansions in screening and treatment options that require anaesthetic involvement, and a subsequent need
for familiarity by the anaesthetists who are likely to encounter them. These interventions include screening
endoscopy, variceal banding and transjugular intrahepatic portosystemic shunts (TIPS). Anaesthesia expertise
is required for an increasing number of these procedures in both the acute and elective setting, and frequently
in remote anaesthesia locations.

The intention of this article is to discuss the anaesthetic considerations related to these interventions. Of

note, smaller procedures, such as drainage of ascites, are typically performed under local anaesthetic with no
specialist anaesthetist involvement required. While trans-arterial chemoembolization (TACE) and microwave
ablation of liver lesions often do require the involvement of an anaesthetist, these procedures are not specifically
due to the presence of portal hypertension and are therefore not discussed.

PORTAL HYPERTENSION

Portal hypertension is a major consequence of liver cirrhosis and the cause of end stage liver disease
complications such as ascites, variceal bleeding, and thrombocytopenia. While liver cirrhosis is the leading
cause of portal hypertension, several other non-cirrhotic causes exist, with schistosomiasis (a parasitic
infection) being the second most common cause.? Non-cirrhotic aetiologies of portal hypertension can be
categorised into pre, intra and post hepatic causes. These categories are demonstrated below, in Table 1.
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Table 1. Non-cirrhotic causes of portal hypertension based on perihepatic pathology**

Pre-hepatic
- Portal or splenic vein thrombosis
- Splanchnic arterio-venous fistulas

Intra-hepatic
- Pre-sinusoidal
= Polycystic liver disease
= Congenital hepatic fibrosis
= Arterio-venous fistulas
= Biliary disease (biliary cholangitis, autoimmune cholangiopathy, primary sclerosing cholangitis, other
biliary injury)
= Neoplastic occlusion of portal vein
= Granulomatous liver disease (schistosomiasis, sarcoidosis)
= Idiopathic noncirrhotic portal hypertension

- Sinusoidal
= Amyloid
= Fibrosis of the space of Disse
= Sinusoid destruction in acute liver injury
= Infiltrative diseases (mastocytosis, Gaucher disease, idiopathic myeloid metaplasia)

- Post-sinusoidal
= Sinusoidal obstruction syndrome
= Budd-Chiari syndrome
= Phlebosclerosis of hepatic veins (alcohol-associated liver disease, chronic radiation injury)
= Primary vascular malignancies
= Granulomatous phlebitis
= Lipogranulomas

Post-hepatic
- Hepatic vein or IVC obstruction (Budd-Chiari syndrome)

- Constrictive pericarditis, restrictive cardiomyopathy

The portal vein receives blood drained from the gastrointestinal tract, stomach, pancreas, gallbladder, and
spleen. The blood flows into the liver via these pathways and back to the inferior vena cava via the hepatic vein.
Under normal conditions, the portal vein supplies the liver with approximately 75% of its blood supply (the other
25% being from the hepatic artery). Portal hypertension develops when there is an increase in portal venous
pressure. This leads to the development of collateral portosystemic vessels which shunt blood back to the
systemic circulation, bypassing the liver.

Portal hypertension is typically a diagnosis made in patients with known risk factors (e.g. cirrhosis) who
present with clinical manifestations of elevated portal pressures. The gold standard for quantification of portal
hypertension is performed by measuring the hepatic venous pressure gradient (HVPG). This procedure is
conducted by placing a pressure transducing catheter into a hepatic vein, and the difference between balloon
wedged hepatic venous pressure and free hepatic venous pressure is measured. A normal HVPG is up to
5mmHg; portal hypertension is defined as an HVPG = 6mmHg. Clinically significant manifestations of portal
hypertension typically occur at a HVPG of > 10mmHg.® Measurement of a HVPG does offer prognostic

value (particularly when 2 20mmHg), however it is not routinely performed.®” Ultrasonography and transient
elastography can also be used to assess portal hypertension, but neither are used to confirm diagnosis.
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Table 2. Common complications of portal hypertension

= Gastroesophageal varices

= Portal hypertensive gastropathy
= Ascites

= Spontaneous bacterial peritonitis
= Splenomegaly

= Thrombocytopenia

= Hepatorenal syndrome

= Hepatic hydrothorax

= Hepatopulmonary syndrome

= Portopulmonary hypertension

= Cirrhotic cardiomyopathy

= Portal cholangiopathy

Cirrhotic liver disease can be broadly classified into two main stages: compensated and decompensated
cirrhosis. The distinction depends on the presence of decompensating events such as variceal haemorrhage,
ascites, and encephalopathy. This classification has significant implications for expected lifespan. With
compensated cirrhosis, median survival exceeds 12 years, whereas patients with decompensated cirrhosis
have a median survival of 1.8 years.? A list of common and important complications secondary to portal
hypertension is presented in Table 2.

GASTROESOPHAGEAL VARICES

One of the earliest consequences of portal hypertension is the development of portosystemic collaterals

and the subsequent formation of gastroesophageal varices. By definition, patients who have developed
gastroesophageal varices have clinically significant portal hypertension (HPVG 2 10mmHg) and are more likely
to progress to decompensated cirrhosis.

Incidence

Gastroesophageal varices are present in 25-40% of patients with compensated cirrhosis, and in up to 85% of
those with decompensated cirrhosis.®

Surveillance

Patients with advanced chronic liver disease will commonly present to the endoscopy suite for elective
screening or surveillance endoscopy. Since the introduction of the Baveno criteria, a validated tool used to rule
out high risk varices based on non-invasive tests, screening endoscopy can now be avoided in a significant
number of patients.'®'2 Depending on the result of previous endoscopy, surveillance can generally be performed
every 2 years. Repeat endoscopy should be performed in the event of any decompensation.'"'?> Consequently,
the indication for endoscopy (for example, decompensation) may inform the anaesthetist of the likelihood of
varices being present and any intervention required.

Prevention of variceal haemorrhage

Advanced chronic liver disease patients with clinically significant portal hypertension commonly receive non-
selective beta blockers (e.g. carvedilol or propranolol) as first line treatment to prevent variceal bleeding.!®"
Patients with high-risk varices who have a contraindication to non-selective beta blockers will receive
prophylactic endoscopic ligation, repeated until eradication is achieved." Any contraindication to non-selective
beta blockade therapy may be of interest to the anaesthetist, and may include second- or third-degree heart
block, asthma, or persistent hypotension.

In the broader surgical population, a history of chronic liver disease and treatment with a non-selective beta
blocker should trigger an awareness that there is probable significant portal hypertension and sequelae may
be present. Care should be taken with any procedures in the oesophagus (for example, nasogastric/orogastric
tube insertion or insertion of a transoesophageal echocardiogram probe).
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Anaesthesia considerations for endoscopy and band ligation

Routine patient assessment should be performed and an assessment of the severity of liver disease made
(compensated versus decompensated). The decision to use sedation or general anaesthesia with an
endotracheal tube will be influenced by usual factors, including aspiration risk and the patient's ability to
maintain their airway. Additionally, the risk of peri-procedural bleeding and a reduced respiratory reserve (from
massive ascites, for example) will also impact this decision. Considerations for tailoring of anaesthetic agents
and dose adjustments will be discussed later in this article.

ACUTE VARICEAL BLEEDING

Gastrointestinal bleeding is a common decompensating event in patients with end-stage liver disease. The
most common cause of bleeding in these patients is gastroesophageal varices, followed by gastroduodenal
ulceration.” Concomitant bacterial infection, HVPG >20mmHg and Child Pugh C score are risk factors for
mortality after variceal haemorrhage.' Rebleeding is common after an index bleed but is significantly reduced
by effective treatment of portal hypertension.'?

Pharmacological treatments

Typically, patients will receive a bundle of care aimed to reduce the risk of rebleeding and the overall risk of
mortality. This may include:

= Early antibiotic prophylaxis'®'4
. Intravenous proton pump inhibitor therapy, continued until varices are confirmed''®
= Intravenous splanchnic vasoconstrictor (e.g. octreotide, terlipressin)'®'?

= Prokinetic agents (e.g. erythromycin, metoclopramide) to promote gastric emptying and to improve
procedural visualisation'’

Interventional procedures

All patients with suspected variceal haemorrhage should be referred for endoscopy within 12 hours of
presentation, or sooner if haemodynamic instability is present." Endoscopic band ligation is the intervention

of choice when oesophageal varices are present. While band ligation is preferred for oesophageal varices,
patients with gastric varices are generally treated with cyanoacrylate injections, as band ligation is typically less
successful.’®

If haemostasis of variceal bleeding varices cannot be achieved endoscopically, balloon tamponade can be
used as a temporising intervention. Commonly used devices are the Sengstaken-Blakemore and Minnesota
tubes. These methods should only be used as a bridge (<24 hours) to definitive therapy (that is, a transjugular
intrahepatic portosystemic shunt). Patients must be intubated, ventilated and admitted to an intensive care
unit. Balloon techniques are associated with a high risk of complications, including oesophageal ulceration,
perforation and pneumonia.'® Oesophageal stenting with self-expanding metal stents can also be considered
as a bridging therapy. These stents can be left in place for 7 days or more. Potential complications of stenting
include migration and ulceration, though complications of stenting may be less common compared to balloon
tamponade techniques.'"'®

ANAESTHESIA CONSIDERATIONS FOR PATIENTS WITH ACUTE VARICEAL
HAEMORRHAGE

General measures

Large bore peripheral IV access should be established and resuscitation with a balanced crystalloid solution
initiated. Consideration should be given to placement of an arterial line for haemodynamic monitoring and serial
blood sampling. Activation of the massive transfusion protocol or discussion with blood bank may be prudent.
Hypothermia should be avoided, given the pre-existing propensity to coagulopathy in this population and the
possibility of large volume transfusion.

Transfusion strategy

It has been suggested that aggressive restitution of the intravascular volume increases portal pressure and,
therefore, may worsen variceal bleeding or cause rebleeding."" A restrictive transfusion strategy (haemoglobin
threshold of < 70g/dL prior to packed red blood cell administration) has been associated with lower mortality
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and rebleeding rates.'® This strategy is recommended for patients with acute gastrointestinal haemorrhage
who are haemodynamically stable and do not have a history of significant cardiovascular disease. Patients with
significant cardiovascular disease should have a more liberal transfusion threshold (e.g. < 80g/dL).

It is critical, however, to recognise the distinction between patients who are haemodynamically stable and
those who are exhibiting signs of shock and instability. Bleeding can be rapid and the clinical picture dynamic.
Consequently, a haemoglobin value > 70g/dL may be falsely reassuring in the face of active bleeding.
Withholding resuscitative efforts and transfusion for an unstable patient is not appropriate and may lead to
catastrophic outcomes.

Correction of coagulopathy

Anticoagulation agents should be ceased and reversed where possible. Thought should be given to general
measures which support the coagulation system. This includes ensuring a core temperature of greater than
35 degrees Celsius, avoiding acidosis, and maintaining an ionised calcium level > 1.1 mmol/L, with particular
vigilance required in the setting of a massive transfusion.

Despite thrombocytopaenia, prolonged prothrombin time and a raised INR being common features of advanced
chronic liver disease, they may not necessarily correlate with bleeding risk in these patients.?®° Routine
transfusion with platelets and fresh frozen plasma (FFP) is not recommended, nor can a threshold value for
transfusion be definitively suggested.™ Rather, correction of coagulopathy should be guided by viscoelastic
testing where possible.?" Unnecessary transfusion is not only a waste of a valuable resource, but it may cause
harm.?? Prothrombin complex concentrate may be a more effective option than FFP in correcting the INR, while
avoiding additional intravascular volume expansion.??> Recombinant factor Vlla has not been demonstrated to be
of benefit."

Haemodynamic goals

Early introduction of vasopressors to avoid haemodynamic compromise at induction is recommended in addition
to any ongoing transfusion requirement. While vasopressin may provide theoretical benefit of splanchnic
vasoconstriction, administration should be via a central venous line. Practically, metaraminol or phenylephrine
are suitable. A mean arterial pressure target of 65mmHg is reasonable, acknowledging there may be patient
factors which alter this target. Overzealous administration of vasopressors and subsequent hypertension prior
to gaining control of the bleeding source is potentially harmful.

Airway protection

Generally, airway protection with rapid sequence induction and endotracheal tube placement will be required
for patients having interventional procedures for variceal haemorrhage. Early extubation is encouraged but will
be dictated by the haemostasis achieved and the patient condition at the end of the procedure.

TIPS PROCEDURE

Transjugular intrahepatic portosystemic shunts (TIPS) are used to reduce portal hypertension. A radiologically
placed TIPS creates a low-pressure route between the intrahepatic portion of the portal and hepatic veins.
This effectively shunts blood from the congested portal system, directly back to the hepatic vein for return to
the systemic circulation. Offloading the portal system helps reduce complications of portal hypertension, such
as ascites and variceal bleeding. Prior to the modern TIPS procedure, open surgical porto-caval shunts were
performed, but these were associated with high rates of morbidity and mortality.>®

TIPS may be used electively or as a rescue intervention where medical management has failed. TIPS have
shown both survival and symptomatic benefit in patients requiring serial large-volume paracentesis.®>?* While
endoscopic treatment of variceal disease is the gold standard treatment, TIPS have shown a survival benefit
when used for management of varices and variceal bleeding.?* Less common indications for TIPS include
portal hypertensive gastropathy, gastric antral vascular ectasia, refractory hypertensive hydrothorax, hepatorenal
syndrome, Budd-Chiari syndrome, hepatic veno-occlusive disease and hepatopulmonary syndrome. Evidence
for these indications, however, is more limited. Other indications for TIPS include elective placement prior

to surgery in cirrhotic patients (as an attempt to reduce the risk of hepatic decompensation perioperatively),
and as a bridge to liver transplantation.?®?® Despite these indications, there are several conditions that are
considered both absolute and relative contraindications for TIPS placement. These are presented below, in
Table 3.
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Table 3. Contraindications to insertion of a TIPS23%:28

Absolute contraindications

= Congestive heart failure

= Severe tricuspid regurgitation

= Severe pulmonary hypertension
= Polycystic liver disease

= Active systemic sepsis

= Unrelieved biliary obstruction

Relative contraindications

= Hepatic encephalopathy

= Hepatocellular carcinoma, particularly if centrally located
= Obstruction of all hepatic veins

= Portal vein thrombosis

= Thrombocytopenia (platelet count <20)

= Severe coagulopathy (INR >5)

* Moderate pulmonary hypertension

THE PROCEDURE

TIPS is an interventional radiology procedure commonly performed under general anaesthesia. The internal
jugular vein (usually right) is cannulated, and a catheter passed into the hepatic vein. A wedge pressure is
measured and the HVPG is calculated. Contrast is used to identify the relevant hepatic vascular anatomy and a
tract is made between a branch of the hepatic venous and the portal venous system. The newly formed tract is
then dilated using a balloon, and a stent is deployed to maintain patency. Typically, a TIPS procedure is deemed
successful if the HVPG returns to normal, with a minimum goal of <12mmHg.?*? The procedure is summarised
in Figure 1. The patients selected for a TIPS often present with numerous comorbidities. These comorbidities,
the invasive nature of the procedure and the physiological changes during and after TIPS placement present
several periprocedural complications that should be familiar to those providing care to these patients. These
complications are summarised in Table 4.

Figure 1. Steps in a TIPS procedure

A) portal hypertension has caused the coronary vein (arrow) and the umbilical vein (arrowhead) to dilate and flow in reverse;
B) a needle has been introduced (via the jugular vein) and is passing from the hepatic vein into the portal vein; C) the tract is
dilated with a balloon; D) stent is deployed and portal pressure is normalised, with the coronary and umbilical veins no longer
dilated. (“Tips schematic,’ R. Torrance Andrews, MD, Wikipedia, CC BY 1.0)
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Table 4. Potential complications from TIPS insertion?*3'

Procedural related complications

- Internal jugular vein access complications
= Carotid, right atrial or tracheal puncture
= Pneumothorax
= Haemothorax
= Thoracic duct injury
= Brachial plexus injury

- Arrythmias due to catheter passage into right atria/right ventricle

- Complications associated with portal vein puncture
= Catastrophic haemorrhage/haemoperitoneum
= Liver capsule puncture

- Injury to surrounding structures
* Inferior vena cava
= Hepatic artery
= Biliary structures
= Right kidney
- Stent complications
= Misplacement
= Stent recoil/migration

- Radiation injuries

Other complications

- lIssues relating to porto-systemic shunting
= Hepatic encephalopathy
= Cardiac decompensation/failure

- Liver failure

- Infection/sepsis

- TIPS dysfunction
= Stent occlusion/thrombosis/dislodgement
- Rare complications
= Haemolytic anaemia
= Cardiac perforation due to stent embolization

* Mechanical haemolysis

ANAESTHESIA MANAGEMENT

Pre-optimisation will involve the local hepatology team. The patient’s eligibility for liver transplant is important
to note. Although uncommon, TIPS can result in acute decompensation and deterioration into fulminant liver
failure, potentially necessitating rapid assessment for liver transplantation.

In addition to a standard pre-operative assessment, consideration should be given to the physiological and
pharmacological complications of advanced liver disease. A broad, by no means complete, list of systemic
derangements that may need to be considered in the patient presenting with hepatic dysfunction is presented
in Figure 2. Specific focus should be given to the cardiovascular system, identifying any history or clinical
evidence of heart failure or pulmonary hypertension. Up to 50% of patients with advanced cirrhosis may have
some form of cardiac dysfunction and often present with a hyperdynamic circulation. While these patients have
an increased cardiac output at rest, there is reduced ability to respond to physiological stress.*® Post TIPS,
there is an increase in venous return as the portal system is offloaded and circulating volume returns to the
systemic circulation. This fluid challenge results in an increase in cardiac output and exposure to inflammatory



98 Australasian Anaesthesia 2023

mediators, which can lead to cardiac decompensation in the acute (post-procedural) setting. Patients with a
chronically hyperdynamic circulation and low SVR are believed to be more predisposed to acute cardiovascular
collapse immediately after a TIPS procedure. Up to one year after the procedure, patients are still at risk of
cardiac decompensation, but via a different mechanism, which develops more slowly. It is estimated that

up to 20% of patients will demonstrate cardiac decompensation post TIPS.?? As well as a cardiovascular
examination, a recent chest X-Ray, ECG and echocardiogram should be reviewed.

Figure 2. Common systemic pathophysiology in the patient with hepatic dysfunction
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Ascites and hepatic hydrothorax impact on aspiration risk, respiratory function, and the likelihood of desaturation
during induction. Patients who require regular ascitic drainage should ideally have this done prior to proceeding
to TIPS. Any large volume paracentesis in the immediate pre-operative period should be paired with albumin
replacement to reduce the risk of post-paracentesis circulatory dysfunction and renal impairment. Symptomatic
or large volume hepatic hydrothorax may also require drainage pre-operatively.

Encephalopathy should be graded and documented. In an elective setting, moderate to severe encephalopathy
may be a contraindication to TIPS due to the risk of worsening symptoms following placement.

There is no widely accepted consensus regarding pre-operative investigations prior to a TIPS procedure.
Patient risk factors for bleeding and transfusion requirement, as well as the risk for hepatic or renal
decompensation should be noted. A valid group and screen is required. This group of patients may have had
repeated blood transfusions, leading to the possibility of red cell antibodies and cross match delays.

When a TIPS is performed in an acute setting, such as massive variceal haemorrhage, complications and
mortality rates are significantly increased.®'

INTRAOPERATIVE

TIPS procedures are performed in the interventional radiology suite. The usual challenges and safety concerns
of both remote location anaesthesia and radiation exposure apply.

Limited literature exists around the use of local and sedation versus general anaesthesia for TIPS. Individual
patient factors, as well as proceduralist preference will guide decision making regarding the optimal type of
anaesthesia for each individual patient. The risk of intraoperative complications after shunt deployment (e.g.
cardiac decompensation or pulmonary oedema) are arguably better managed in an anaesthetised, intubated
patient.?" TIPS procedures can be technically challenging and lengthy, with most centres in Australasia
performing TIPS under general anaesthesia. Drug choices, venous access and monitoring should be guided by
the severity of liver disease, concurrent patient comorbidities and local protocols.

In carefully selected patients, conscious sedation using a combination of propofol and/or remifentanil may

be used. The patient must be able to lay flat for a prolonged period and have a low risk of aspiration. Balloon
dilatation of the intrahepatic tract is painful and often poorly tolerated by conscious patients. The anaesthetist
must be prepared for conversion to general anaesthesia at any point, acknowledging this can be difficult with
limited access to the patient in the interventional suite once the procedure has begun.

Premedications, particularly benzodiazepines, should be used with caution due to the possibility of impaired
hepatic metabolism and prolonged duration of action. Rapid sequence induction should be considered to
mitigate the risk of aspiration in patients with severe ascites or hepatic hydrothorax. Tracheal intubation with
paralysis also confers the benefit of controlled ventilation and the ability to perform breath holds.

Large bore intravenous access is recommended, and arterial cannulation should be considered. Although
central venous access is not routine, if it is required, it will usually be via the left internal jugular or the femoral
veins, depending on the radiologist’s planned approach. In actively bleeding patients, rapid infusion devices and
point of care coagulation testing should be available.

Suxamethonium is safe in advanced liver disease although it may have a prolonged duration of action.
Atracurium and cisatracurium offer more dependable pharmacokinetic profiles due to their organ independent
metabolism, but rocuronium and vecuronium can also be used safely. Maintenance of anaesthesia with either
volatile or propofol TIVA is appropriate.®' Dose reduction of propofol may be necessary secondary to an
increased sensitivity. Fentanyl and remifentanil are the opioids of choice for this group as their metabolism
remains largely unchanged in severe liver disease. Opioid use should be minimised where possible, and long-
acting agents should be avoided.* Ketamine, clonidine, dexmedetomidine and gabapentinoids should be used
with care due to their impaired metabolism and side effect profiles. Residual sedation will cloud the assessment
of encephalopathy and should be a factor for consideration in anaesthetic planning. Broad spectrum antibiotics
should be given in accordance with local guidelines.

The anaesthetist must be prepared to manage several potential intra-operative complications including massive
haemorrhage, cardiac decompensation, and pulmonary oedema. Venous air embolism is a risk, particularly at
the time of jugular sheath removal and in the spontaneously breathing patient. In the absence of complications,
most patients are appropriate for extubation at the end of the procedure. Attention should be paid to the
avoidance of coughing and straining on emergence, given the recent removal of a large jugular access sheath
and the risk of bleeding and neck haematoma. If there is persisting haemodynamic instability, respiratory
concerns, or evidence of acute cardiac or neurological deterioration, admission to the intensive care unit for
haemodynamic and ventilatory support may be required.
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POSTOPERATIVE

Postoperatively, there is potential for multisystem dysfunction. TIPS patients should be cared for in a monitored
setting with ongoing specialist hepatology input. Patients with cardiac decompensation may require diuresis.
In extubated patients, postoperative CPAP may be beneficial if there is evidence of pulmonary oedema.
Encephalopathy occurs in up to 20% of patients following TIPS. Acute post TIPS hepatic encephalopathy
occurs due to a rapid increase in ammonia levels with associated cerebral oedema. Conversely, chronic/late
post TIPS encephalopathy does not present with cerebral oedema. Encephalopathy is generally managed
medically; with a low protein diet and lactulose or rifaximin to reduce intestinal neurotoxin production and
absorption. In refractory encephalopathy, the TIPS may need to be revised, reduced in size or re-occluded.®*

Monitoring for worsening hepatorenal syndrome, contrast induced nephropathy and haemolytic anaemia is
necessary. Shunt patency is checked using ultrasound, usually within one week post TIPS, and then for ongoing
surveillance thereafter.

Post TIPS, close attention should be given to signs of developing sepsis and a low threshold exists for initiation
of antibiotics. Responsible pathogens are typically Escherichia coli, Klebsiella, enterococcus and Streptococcus.
Early identification and initiation of antibiotics to reduce deterioration in organ function is important.

CONCLUSION

Patients with advanced chronic liver disease are increasingly encountered by the general anaesthetist for
interventions relating to their disease complications. Understanding the pathophysiology of portal hypertension,
the perioperative interventions these patients often present for, the steps to consider for optimisation, and the
potential pitfalls of each procedure are key in improving perioperative outcomes and effectively managing acute
events for this high-risk group of patients.
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INTRODUCTION

Naltrexone is a long-acting opioid receptor antagonist increasingly prescribed in the community for a wide
variety of conditions. Patients taking naltrexone present particular challenges in pain management in the
perioperative period. Depending on the dose, formulation, and recency of taking naltrexone, patients may be
very resistant to opioid analgesics or may also show increased sensitivity to the analgesic and respiratory
effects of opioids. This complexity means that patients are at risk of both poorly controlled pain and respiratory
depression, potentially within the same presentation. Patients should therefore be managed by multidisciplinary
teams with experience in complex acute pain with the availability of respiratory monitoring and support.

This review will examine the current clinical uses of naltrexone including different dosages and administration.
We will discuss the implications of naltrexone therapy for elective and emergency procedures and suggest
approaches to analgesic and anaesthetic management in these complex patients.

PHARMACOLOGY

Naltrexone is a long-acting competitive antagonist of opioid receptors, with the highest affinity for u-receptors.
It has a half-life of 5 hours. It also has an active metabolite, 6(3-naltrexone, which has a much longer half-life

of 15 hours." Oral doses are subject to extensive first pass metabolism in the liver, with only 2% excreted
unchanged in the urine.? Naltrexone has an excellent safety profile, and is generally well tolerated by patients.® It
has been associated with hepatotoxicity when given in very high doses* but has been shown to be safe even in
patients with compensated cirrhosis at clinically relevant doses.> Common currently prescribed formulations of
naltrexone are presented in Table 1.

CLINICAL INDICATIONS

Alcohol or opioid abstinence

Naltrexone is indicated as part of a comprehensive treatment plan for alcohol dependence with a goal of
abstinence.! Naltrexone has also been show to decrease rates of relapse after abstinence from alcohol.®” The
mechanism of action is thought to be via reduction in reward and intoxication associated with drinking alcohol,®
with the greatest clinical effect being in reducing heavy or excessive drinking.® Naltrexone is less commonly
used for opioid abstinence as opioid substitution with buprenorphine or methadone is generally preferred in
Australia.™ The oral formulation is also used to treat opioid related side effects such as severe constipation

in the palliative care setting as an off-label use."" Methylnaltrexone has a methyl group added to reduce its

lipid solubility and to limit blood brain barrier crossing, and therefore is more selective for peripheral opioid
receptors. It can be given as a subcutaneous injection to relieve severe constipation without counteracting
analgesic effects on central nervous system.
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In this high dose, naltrexone is available in several formulations. Oral naltrexone is taken in a dose of 50mg per
day and this formulation is TGA approved in Australia and Medsafe approved in New Zealand. A subcutaneous
implant is available through the Special Access Scheme only. Implants have a variable duration. The formulation
accessible in Australia has a stated duration of action of approximately 180 days. A depot formulation, not
currently available in Australia or New Zealand, has a duration of action of approximately 28 days.

Table 1. Naltrexone formulations in clinical use in Australia and New Zealand

Formulation (brand Dose (route) TGA/ Medsafe | Indications

name) NZ Approved

Naltrexone Hydrochloride = 50mg daily (orally) Yes For use within a comprehensive
(Generic health, treatment program for alcohol
Naltraccord) dependence.

OR as adjunctive therapy in the
maintenance of formerly opioid-
dependent patients who have
ceased the use of opioids such as
diamorphine (heroin) and morphine.

O'Neil Long acting 1.8g surgical implant, | Special Access | As above
naltrexone implant (Go every 6 to 12 months | Scheme
Pharmaceuticals) approval only

(TGA)
Naltrexone depot for 380mg every 4 weeks | No Alcohol dependence or for the
intramuscular injection (intramuscular) prevention of relapse to opioid
(Vivitrol) dependence, following opioid

detoxification.

Naltrexone HCI / 8-32mg/ 90-360mg | Yes Contrave is indicated, as an adjunct
Bupropion daily (orally) to a reduced-calorie diet and
increased physical activity, for the
management of weight in adult
patients (=18 years) with an initial
Body Mass Index (BMI) of > 30 kg/
m2 (obese), or = 27 kg/m2 to < 30
kg/mZ (overweight) in the presence
of one or more weight-related co-
morbidities (e.g., type 2 diabetes,
dyslipidaemia, or controlled
hypertension)

(Contrave)
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Naltrexone Hydrochloride | 1-7mg daily (orally) Off-label use of | Used for a wide range of disorders,
oral formulation including chronic pain conditions

(pharmacy compounded and inflammatory conditions

medicine)

Management of weight loss

A combination weight loss pill (Contrave — naltrexone/bupropion) was approved in 2019 by the TGA for
patients with morbid obesity and at least one associated condition (for example, diabetes).’? Patients on this
therapy receive between 8 and 32 mg of naltrexone per day, in combination with sustained release bupropion.
Naltrexone and bupropion work synergistically on central neural pathways in the hypothalamus to both reduce
appetite and cravings for food' resulting in effective weight loss."

Chronic pain and inflammatory conditions

Low dose naltrexone (1-6 mg per day) may be prescribed for the management of chronic pain conditions, and
has been described for the treatment of a wide range of conditions such as fibromyalgia, Crohn’s disease,
multiple sclerosis, complex-regional pain syndrome, Hailey-Hailey disease, and cancer.'® Low dose naltrexone
is currently being explored as a treatment for chronic fatigue syndrome'® and Post-COVID-19 Syndrome.'”
Anaesthetists may see patients presenting for fertility treatments on low dose naltrexone as it is increasingly
utilised in this setting.'® At low doses it is thought to display differential pharmacodynamics, and in this dose
range may act as a glial modulator through actions at toll-like protein receptors in neural cells, as well as
enhancing endogenous endorphin release.'® Although there are promising in vitro studies,* high quality
clinical evidence for low dose naltrexone in these conditions is lacking.?" Evidence of clinical efficacy is largely
anecdotal, with limited numbers of small randomised controlled trials.

All of these indications are currently off-label uses of naltrexone, and the prescription must be made up by

a compounding pharmacy for patients in Australia and New Zealand. Given the wide range of conditions for
which low dose naltrexone is prescribed, it is likely that anaesthetists will encounter increasing numbers of
patients on this medication in their practice. Familiarisation with these off-label uses of naltrexone is important
as it may not be expected or readily detected in the broader patient population.

Ultra-low dose naltrexone (in the range of picograms to nanograms per kilogram) is sometimes used in patients
with chronic non-malignant pain who require high doses of opioids. In ultra-low doses, naltrexone appears

to enhance analgesic efficacy and decrease certain side effects of opioid analgesics, and potentially reduce
tolerance.?? This is a relatively uncommon off-label use of naltrexone and is beyond the scope of this review.

PERIOPERATIVE CONSIDERATIONS

As a competitive antagonist of all opioid drugs, naltrexone has serious implications for the pain management of
all patients presenting to hospital.?® Patients utilising formulations of naltrexone may experience inadequately
controlled pain and exceedingly high opioid requirements, as well as difficult to manage hypertension under
general anaesthetic.?* Without careful titration of opioid analgesia and monitoring of these patients, there is a
risk of respiratory depression with the offset of naltrexone.?®

Patients can be considered opioid naive after the cessation of naltrexone.?® After discontinuation, enhanced
opioid sensitivity may occur due to selective upregulation of u-receptors. This means that response to opioids
may be unpredictable, resulting in potentially higher risk of respiratory depression requiring close monitoring
throughout the perioperative period.?” These patients therefore may not be suitable for day case surgery and a
need for post-operative admission to hospital should be assessed in each case.

Management of patients on naltrexone formulations is complex, and the best approach will vary depending on
the needs of the patient, the procedure required, the dose of naltrexone and the need for opioid analgesia.

MANAGEMENT OF PATIENTS PRESENTING FOR ELECTIVE PROCEDURES

The approach to patients presenting for elective procedures is summarised in Figure 1. In essence,
management of these patients requires identification of those taking naltrexone and then ensuring that this is
ceased appropriately prior to surgery. If the patient is taking a combined naltrexone/bupropion preparation,
replacement therapy may be required.

It may be appropriate to continue naltrexone therapy throughout the perioperative period. These decisions
should be made on a case-by-case basis by surgical and anaesthesia teams in consultation with the naltrexone
prescriber. Procedures that are expected to cause mild or no pain, or that can be managed entirely with
non-opioid analgesia may be appropriate for this, such as cataract surgery, minor plastic procedures or
colonoscopy.?” This may be of particular benefit in patients at high risk of relapse of opioid or alcohol abuse if
naltrexone therapy is ceased.

Management of patients on naltrexone for opioid or alcohol abstinence

Patients who are on naltrexone for opioid or alcohol abstinence will require cessation of therapy prior to

most surgeries. Management of naltrexone in the perioperative period should be done in co-ordination with

the patient’s general practitioner and their naltrexone prescriber.2® Preoperative patient and family education

is important, to set expectations and ensure appropriate supports are in place.? Oral naltrexone should be
stopped at least 24 hours, and ideally 72 hours, prior to elective surgery due to prolonged opioid receptor
antagonism.?® After 24 hours, a 100mg dose of naltrexone will effectively block 96% of u-opioid receptors. This
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falls to 86.5% at 48 hours and 46.6% at 72 hours.?® In our institution, we recommend cessation of naltrexone
72 hours preoperatively to ensure best achievable opioid responsiveness for patients during the perioperative
period. The period of cessation may need to be further prolonged in patients with renal or hepatic impairment.’

Naltrexone implants may need surgical removal in cases of severe acute pain, where opioid responsiveness is
required.?® Duration of action after removal of an implant is unknown, and it may be advisable to plan non-
opioid analgesia rather than attempt removal.?® If patients are on intramuscular injections of extended release
naltrexone, this will need to be stopped at least 25 days prior to surgery in order to ensure naltrexone has been
cleared.®® Patients may need to be transitioned to oral naltrexone for this period, which can then be stopped 72
hours prior to surgery. This must be done in co-ordination with the patient’s naltrexone prescriber.

Patients may be at high risk of relapse of alcohol or opioid abuse while off naltrexone and may benefit from
extra supports during this period.®' This may include early admission to hospital for observation and support if
appropriate. Patients should be educated that the highest mortality risk is from patients taking pre-naltrexone
doses of opioids, which may result in overdose and respiratory arrest.®?

Management of patients on combined Naltrexone/Bupropion (Contrave)

There is no clear guidance from the manufacturer or in the literature about when Contrave should be stopped
in the lead up to surgery. Given the dosages, it is prudent to cease 72 hours prior to surgery as for high dose
naltrexone as similar issues are encountered intraoperatively.®® This should be done in consultation with the
patient’s naltrexone prescriber as consideration needs to be given as to whether to continue bupropion as a
single agent. The manufacturers do not recommend a taper for discontinuation of Contrave as no withdrawal
syndromes were seen in initial randomised controlled trials."> However there have been case reports of
withdrawal symptoms associated with bupropion discontinuation®* and tapering regimens are recommended.*
If the patient wishes to avoid antidepressant discontinuation syndrome, bupropion can be continued as a single
agent. In Australia, bupropion is only available as an extended-release preparation, which should not be split.¢
A suggested dosing regimen is shown in Table 2, which facilitates minimal change in dose of bupropion.

It should be noted in these patients some opioid alternative medications must be used with caution. Bupropion
is an inhibitor of CYP2D8, which may prevent tramadol being converted to its active metabolite and decrease
its effectiveness.®” Bupropion also lowers the seizure threshold.*®

Table 2. Suggested replacement dosing of bupropion as a single agent for patients on Naltrexone/
Bupropion (Contrave)

Daily dose of Contrave (Naltrexone/Bupropion) Replacement dose of Zyban
(Bupropion Extended Release)

One tablet per day (Total dose 8mg/90mg) No replacement bupropion required

One tablet twice per day (Total dose 16mg/180mg) 150mg PO once daily

Three to four tablets per day 150mg PO twice daily
(Total dose range 24mg/270mg to 32mg/360mg)

Management of patients on low dose naltrexone for chronic pain or inflammatory conditions

There is little data available regarding the impact of low dose naltrexone on analgesia and anaesthesia. Research into
combined preparations of morphine and naltrexone have shown that low dose naltrexone (1.2mg) co-administered
with oral and intravenous morphine significantly reduces both the subjective opioid effects as well as objective
measures such as pupillometry.®® In one study, low dose naltrexone co-administered with morphine resulted in
significantly reduced end tidal CO,, equivalent to placebo levels, when compared to morphine alone.** Patients
taking these low doses of naltrexone will likely require higher than expected doses of opioid medication to achieve
adequate pain control. It is not clear if cessation of naltrexone at this low dose results in similar opioid sensitivity as
seen with cessation of high dose naltrexone.

Evidence is lacking as to the optimal timing for cessation of low dose naltrexone. General patient advice recommends
cessation anywhere from 24 hours to 7 days before a procedure.*'#? There are descriptions in the literature of
uneventful anaesthesia 24 hours after low dose naltrexone,*® however no detailed case reports are available. In our
clinical experience, low dose naltrexone (1-6mg per day) continued throughout the perioperative period results in
significantly increased opioid requirements, even when maximising non-opioid analgesia. Pain may also be more
difficult to manage post operatively as a result. On the basis of this, we suggest low dose naltrexone to be withheld
for 24 to 72 hours preoperatively. Our institutional guideline recommends a 72-hour period, for consistency across all
naltrexone formulations.
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Figure 1. Preoperative management of naltrexone for elective procedures
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MANAGEMENT OF PATIENTS PRESENTING FOR EMERGENCY SURGERY OR WITH
TRAUMA

All patients on naltrexone presenting for emergency surgery or with trauma should be managed by an
experienced team with input from an acute pain service.

It is important to determine the timing of the last dose of naltrexone.? If this was within the last 72 hours,
patients may require higher than usual doses of opioids to manage their pain. As a competitive antagonist,

the effects of naltrexone can be overcome with sufficiently high dose opioid. In rats, the dose of opioids
needed to accomplish this may be 10—20 times the standard clinical doses.** These doses may be associated
with severe respiratory depression and non-opioid receptor related side-effects including erythema and
bronchoconstriction.® The offset of the naltrexone may be abrupt and cause respiratory depression secondary
to the un-antagonised action of now excessive opioids.*® After cessation of naltrexone, patients are at risk of
respiratory depression due to transient increased opioid receptor sensitivity as well as direct decrease in effect
of naltrexone resulting in lower analgesic opioid dose requirements.?® Patients should therefore be monitored in
a high dependency environment with the capacity for ventilatory management.*”

Cessation of naltrexone will allow the most analgesic options for patients with major surgery or multi-trauma
during their recovery. If a patient is taking a naltrexone/bupropion preparation (Contrave), consider continuing
bupropion as a single drug to avoid anti-depressant withdrawal symptoms. It may be appropriate for patients
having only minor surgery with minimal postoperative pain to continue naltrexone uninterrupted. Patients on
low dose naltrexone may be able to continue their naltrexone, compensating for this by utilising higher doses of
opioids, but this remains an individual risk:benefit decision. An approach to patients presenting for emergency
procedures is summarised in Figure 2.
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Opioid medications

Intraoperative management can be particularly challenging in patients who are still on naltrexone. Profound
hypertension may be seen with laryngoscopy and surgical stimulation.*®#® Short acting opioids are preferred

to manage these effects, given the high doses required and high risk of respiratory depression post-
operatively. High dose remifentanil is a pharmacologically favourable opioid which can be titrated to effectively
overcome naltrexone blockade with rapid and predictable offset.*® Use of remifentanil can be associated with
opioid induced hyperalgesia and there are concerns that this may contribute to difficult postoperative pain
management.®® Opioid antagonists are protective against the development of hyperalgesia®’ meaning this effect
may be less relevant in this population.

Short acting opioids are most suitable for analgesia to facilitate titration to patient response given inter-
individual variation.®> Because naltrexone competitively binds to p-receptors, utilising opioids with higher affinity
for p-receptors such as fentanyl and hydromorphone may result in greater effect.>® The high doses required

of histamine releasing opioids such as morphine may result in unacceptable non-opioid mediated side effects
such as erythema, bronchospasm, and hypotension. Hydromorphone and fentanyl do not stimulate histamine
release,® further reinforcing their utility in this setting. Although tramadol exerts some of its analgesic effects
through action at p-receptors, it may still have analgesic efficiency in the presence of naltrexone. This is
however associated with increased nausea and vomiting.*®

In patients on low dose naltrexone, opioids are likely to still have some clinical utility; albeit requiring higher than
normal doses. Low dose naltrexone has been used to prevent adverse effects associated with intrathecal and
high dose oral morphine. A 250 microgram dose of intrathecal morphine was shown to provide analgesia for
Caesarean section in the presence of low dose naltrexone (6mg) although with significantly shorter duration

of action.®® There is some suggestion that a 1mg dose of naltrexone does not significantly impact analgesia in
patients on high dose oral morphine or continuous intrathecal morphine for chronic pain.’” Patients should be
monitored carefully for adequate analgesic effect and adverse side effects of opioid medications.

Opioid sparing anaesthesia and analgesia

Due to the prolonged opioid antagonist action of naltrexone, patients will require maximisation of non-opioid
analgesia, including regional or neuraxial analgesia, as appropriate.®® Regional anaesthesia can provide superior
analgesia to parenteral opioids.®® Where neuraxial or peripheral nerve blocks are used, placement of catheters
should be considered to facilitate extended postoperative opioid-sparing analgesia. Neuraxial or regional
analgesia may not be completely effective in controlling pain and this may require the addition of short acting
opioids in a monitored environment.*’

Ketamine has been used effectively as an adjunct for both anaesthesia and analgesia in patients receiving
naltrexone.*®4® Multimodal analgesia is recommended, including paracetamol, non-steroidal anti-inflammatory
medications, gabapentinoids, magnesium, lignocaine infusions and alpha-2 agonists such as clonidine and
dexmedetomidine.?® Doses that can be utilised for analgesia are limited by side effects® and opioid medications
may still be required in the presence of severe pain.
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Figure 2. Management of naltrexone for emergency surgery and trauma
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TRANSITIONAL PAIN MANAGEMENT

The decision of when to recommence naltrexone is complex and requires multidisciplinary collaboration.

All patients on naltrexone formulations should be referred to a specialist acute pain management service
postoperatively. Manufacturers recommend recommencement of naltrexone 5 to 7 days after last dose of
opioid." Naltrexone has a higher affinity for u-receptors than most opioid agonists and so can preferentially
displace circulating opioids and precipitate acute withdrawal.®® Abrupt precipitated opioid withdrawal is
dangerous and potentially lethal.®" Clear communication with the multidisciplinary team is important to ensure
thorough understanding of the pain management plan?® and to ensure that naltrexone is not inadvertently given
too soon. We have found adding an alert to the patient's medication chart helps to communicate the importance
of avoiding naltrexone while the patient is receiving opioids.

Careful planning of transition back to naltrexone should start early in the admission. As patients may be
recommencing naltrexone after discharge from hospital, it is important that hospital teams work closely with
community providers to ensure patients are well informed and well supported. Patients may benefit from the
involvement of alcohol and other drug services as they may require extra support during this high-risk time for
relapse.®®

Timing of recommencement is a case-by-case decision, requiring specialist input especially where shorter time
frames may be desired. Shorter intervals should only be considered where very limited doses of short acting
opioids have been used. Australian guidelines for the introduction of high dose naltrexone for opioid abstinence
recommend an interval of 5 days between last buprenorphine and first naltrexone and up to 10-14 days if
methadone was the last opioid used.” There is an absence of guidance as to when it is safe to recommence
low dose naltrexone, and this should be a risk:benefit decision made on a case-by-case basis.

If there are any concerns about recommencement of naltrexone, a naloxone challenge test should be performed,
as outlined in Table 3.!
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Table 3. Naloxone Challenge Test'

= Gain intravenous (IV) access.
= Monitor vital signs — Heart rate, blood pressure, oxygen saturation, temperature.
= Observe patient for signs and symptoms of withdrawal:

= E.g. Nausea and vomiting, abdominal cramps, sweating, rhinorrhoea, bone and joint pain, piloerection,
anxiety, irritability, pupillary dilatation.

= Give initial dose of naloxone: 200 micrograms Naloxone IV

= Observe for 30 seconds for signs or symptoms of withdrawal.

= If no evidence of withdrawal, give full test dose of naloxone: 600 micrograms IV

= Observe for an additional 20 minutes.

= If there are any indications of opioid withdrawal, the test is positive. Do not administer further naloxone.
= If the test is positive, do not administer naltrexone and repeat the test in 24 hours.

= If the test is negative, naltrexone can be administered as long as there are no other contraindications.
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CONCLUSION

Naltrexone is increasingly commonly used in the community, particularly in low doses for off label indications.
Patients on naltrexone present particular challenges in both their anaesthetic and analgesic management

when they present in both elective and emergency settings. Management requires close communication of

the multidisciplinary team and should involve an acute pain management service wherever possible. Decisions
regarding the use of opioids in these patients requires consideration of dosage, timing and indication for
naltrexone and the impact on the patient when naltrexone is recommenced. More research is needed, especially
to help guide the management of patients on low dose naltrexone.
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INTRODUCTION

Aspiration is a significant perioperative event. Its incidence varies in different studies, from 1in 1,100 to 1 in
14,000," with increasing incidence recognised in emergency surgery, pregnancy, and higher ASA category
patients.? In the fourth UK National Audit Project, aspiration was identified as the second-most frequent major
airway complication, after failed intubation, and the most common airway-related cause of death.® Debilitating
respiratory complications are common among survivors of significant aspiration events.* Accurate risk
assessment to prevent this significant event is a key component of delivering safe perioperative care.

The current method of aspiration risk assessment is subjective, with clinicians integrating fasting status along with
known risk factors for slowed rates of gastric emptying, such as opioid consumption or diabetic gastroparesis.

It is not uncommon for clinicians to support their judgement by asking patients, “Do you feel hungry?” This
provides false reassurance as 30% of subjects continue to feel hungry after a meal and, in those whose hunger
is abolished, 86% feel hungry again before completion of gastric emptying.® Clinicians integrate this information
to determine a patient’s aspiration risk and inform their airway management plan, with anecdotally moderate levels
of agreement between individual clinicians. Patients with conditions that delay gastric emptying also present a
challenge, as fasting guidelines may not work as intended in certain population groups.

Gastric ultrasound is the only practical tool that provides us with quick, reliable, and objective information on
actual gastric volume and content. It is a useful adjunct when uncertainty exists regarding a patient’s fasting
status and in patients with risk factors for delayed gastric emptying. Gastric ultrasound gives clinicians the
ability to make a more informed decision when selecting an airway management strategy.

HOW IT’S DONE

The basic premise of gastric ultrasound is simple. By visualising stomach contents, the risk of pulmonary aspiration
can be determined more accurately than relying on fasting time or other factors. Gastric ultrasound works
because: (1) a sonographic window exists just below the xiphisternum, allowing visualisation of the gastric antrum
adjacent to the left lobe of the liver; (2) the 5-layered gastric wall gives the antrum a distinct appearance, aiding
identification; (3) positioning in the right lateral decubitus (RLD) position causes gravitational drainage of gastric
contents into the dependent antrum, allowing even the smallest volumes to be visualised.

Figure 1 shows the position of the probe on the patient to obtain accurate imaging. Proper instruction in
performing gastric ultrasound is best conveyed in a face-to-face or workshop setting. Experienced operators
typically complete routine scans in 2-3 minutes. Table 1 outlines items from a published direct observation of
procedural skills (DOPS) checklist for gastric ultrasound, for readers to use as an introductory resource.®




116 Australasian Anaesthesia 2023

Figure 1. Position of probe in gastric ultrasound in the right lateral decubitus position

Table 1. Gastric ultrasound DOPS items, from Sidhu et al (2022)¢

Domain Item

Indication Clinical

1. Identifies appropriate indication to perform gastric point-of-care ultrasound
Patient

2. Introduces self to patient, describes procedure, explains rationale

3. Obtains verbal consent

4. Maintains patient privacy, modesty, and comfort at all times

Acquisition Set-up

5. Ergonomic positioning of equipment and operator, in relation to patient
6. Machine: appropriate settings, correct transducer, uses acoustic medium
7. Positions patient appropriately and exposes upper abdomen

Scanning technique

8. lIdentifies surface anatomy through manual palpation

9. Performs survey scan

10. ldentifies pertinent structures

11. Optimises image by adjusting probe position, machine settings, or patient factors™

12. ldentifies antrum at level of aorta, using Doppler to confirm

13. If clear fluid content, measures antral cross-sectional area in right lateral decubitus position

Interpretation | 14. Describes image using pattern recognition
15. If clear fluid present, estimates gastric volume
16. Correctly determines grade of antrum

Medical 17. Determines clinical context
decision 18.

: Grades image analysis
making

19. Determines aspiration risk based on findings
20. Formulates plan based on findings

*Modifiable patient factors include taking slow deep breaths to move any overlying structures, or performing a ‘water
challenge’ to aid identification of the antrum or to differentiate small-volume solid content from an empty antrum. A
‘water challenge’ involves the patient drinking 40—-50 ml of water followed by immediate rescanning in the right lateral
decubitus (RLD) position.”
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Gastric ultrasound is traditionally taught to be performed in first the supine and then RLD position.® In our unit
and in workshops we run, we advocate scanning in the RLD position first, performing supine scanning only if
RLD scans are inconclusive. This is because scanning in the supine position cannot confirm an empty stomach,
cannot rule out a full stomach, and cannot be used to measure volume of clear fluid.® Supine scanning only has
diagnostic utility if solid content is viewed, for which RLD scanning will suffice.

Figure 2 shows the common findings in gastric ultrasound. This utility of POC gastric ultrasound has been
validated in different patient groups, including obese, pregnant, and paediatric patients.” Patient pain/
discomfort and patient refusal are contraindications, whilst previous upper gastrointestinal surgery results in
scar tissue and altered anatomy, making image interpretation unreliable.

Figure 2. Common findings in gastric ultrasound

(a) Empty antrum with bullseye or target appearance; (b) Empty antrum with flattened ovoid appearance; (c) Antrum
with hypoechoic clear fluid; (d) Manual tracing of antral cross-sectional area to determine fluid volume; (e) Antrum with
early-stage solid content showing ‘frosted glass’ pattern with obscuring of deeper structures; (f) Hyperechoic late-
stage solid content. Arrows = antrum; L = liver, Ao = Aorta, RA = rectus abdominis muscle

DECISION-MAKING

Patients can be broadly categorised as low-risk (grades 0 and 1) or high-risk (grades 2 and 3) for aspiration
(see Figure 3). Volume assessment of clear fluid is used to differentiate between grades 1 and 2. Two-thirds of
appropriately fasted patients have an empty gastric antrum, but a low volume (<1.5mL/kg) of gastric secretions
is a normal finding in some fasted patients.™
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Figure 3. Algorithm for aspiration risk assessment with gastric ultrasound, modified from Perlas et al (2016)

Gastric
ultrasound
assessment
b ' !
Empty Clear fluid Solids, milk, or
(Grade 0) suspensions
(Grade 3)
Volume Volume
<1.5mL/kg |« » >1.5mL/kg
(Grade 1) (Grade 2)
L 4 Y

There is clinical utility in adopting an ultrasound-guided grading system rather than our current use of time-
defined “full stomach” and “empty stomach” labels. A grading system allows assessment of the perceived

risk to guide the appropriate clinical response. For example, while both grades 2 and 3 indicate an elevated
aspiration risk, they are managed differently. A grade 2 antrum (>1.5 mL/kg of clear fluid) caused by recent fluid
intake is likely to transition to grade 1 (low risk) within a relatively short period of time. Conversely, a grade 3
antrum may take longer to empty depending on what was consumed and when. In addition, a grade 3 antrum
that can be attributed to factors that prolong gastric emptying, such as excessive anxiety or medication effects,
requires alternative preoperative planning or airway management approaches. The use of a grading system can
help drive practice change in the future as more evidence emerges.

Multiple mathematical models to estimate volume of gastric fluid have been published.'? The model most
commonly used to estimate gastric volume of clear fluids from the antral cross-sectional area (CSA) is validated
in non-pregnant adults up to a body mass index (BMI) of 40 kg/m2, accurately predicting gastric volumes up

to 500 mL."® In patients with higher BMls (> 40 kg/m2), the model is reasonably accurate but tends to over-
estimate at low volume states (mean over-estimation 35mL)." The model has “nearly perfect” inter- and intra-
rater reliability.’® Though the threshold of gastric volume that increases aspiration risk is a topic of debate, there
is substantial data on normal levels of baseline secretions. The figure of 1.5mL/kg is extrapolated from this data
and there is a large body of agreement for this cut-off volume,® though a threshold of 1.25 mL/kg is suggested
for children.'® Models for different patient populations are outlined in Table 2.

Table 2. Mathematical models to estimate gastric fluid volume in different populations
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Patient Population Mathematical Model

Non-pregnant adult'® Volume (mL) = 27 x (14.6 x CSA) - (1.28 x age)
Third-trimester pregnancy'’ Volume (mL) = 327.1 + (215.2 x log CSA)*

Paediatric'® Volume (mL) = -7.8 + (8.5 x CSA) + (0.127 x age in months)

*Measured in the semi-recumbent right lateral position (others in right lateral decubitus);
CSA = cross-sectional area

Reliance on fasting time alone may not be enough to minimise aspiration risk. A prospective cohort study using
gastric ultrasound in 190 elective patients showed that 5% had a ‘full stomach’ (grade 2 or 3 antrum), with
failure to follow fasting instructions a cause in only one-fifth of cases.’® A larger similar study in 512 patients
revealed a ‘full stomach’in 6.2% of elective patients?® while a more recent study of 222 elective patients
showed a ‘full’ stomach prevalence of 2.7%.%" In patients presenting for elective laparoscopic cholecystectomy
for symptomatic gallbladder disease, 13% had a grade 2 or 3 antrum on scanning despite having fasted for
the appropriate length of time.?? This higher rate may be due to underlying active gallbladder disease of varying
intensity, despite the planned elective nature of the surgery. In the paediatric population, using a threshold of
1.25 mL/kg for aspiration risk, a ‘full’ stomach prevalence of 1% was observed in 200 elective patients.'®

These figures are unsurprisingly higher in acute patients. Bouvet et al (2017) demonstrated a ‘full stomach’ in
56% of emergency cases, despite a median fasting duration of 18 hours (inter-quartile range = 11-24 hours).'®
When considering all 440 cases in this study, factors associated with a ‘full stomach’ were emergency surgery,
preoperative morphine, diabetes mellitus, and obesity.' In paediatric patients who were fasted in anticipation of
procedural sedation and using 1.2 mL/kg of clear fluid as a threshold for aspiration risk, 69% were classed as
having a ‘full stomach’ with >900% of these identified as solid content.?® These studies bring into question the
applicability of current fasting guidelines in emergency patients.

Using gastric ultrasound provides additional information to clinicians when deciding on the appropriate
anaesthetic or sedation plan for patients. In a study of elective patients who did not follow fasting instructions,
the use of gastric ultrasound altered anaesthetic management in 71% of patients from the plan based only on
clinical assessment and fasting history.? The use of gastric ultrasound in 143 paediatric patients undergoing
emergency surgery resulted in 47% having their induction plan changed, from routine induction to rapid
sequence or vice versa.?®

PERFORMANCE AND LEARNING

Gastric ultrasound is a highly sensitive and specific diagnostic tool, regardless of operator background (see
Table 3). After brief didactic instruction and a 3-hour hands-on workshop, one study showed that anaesthetists
were required to perform 24 and 33 scans with expert feedback to achieve success rates of 90 and 95%,
respectively.?® A more recent study found that regional anaesthetists required 9 scans after a teaching
intervention (1-hour lecture, 1-hour workshop, and 10 practice scans) to achieve a 90% success rate.?’

Table 3. Diagnostic performance of gastric ultrasound

Context Sensitivity Specificity PPV (95% CI) | NPV (95% CI)
(95% Cl) (95% CI)
Experienced operator in gastric 100% 97.5% 97.6% 100%
ultrasound?®
(92.5-100%) (95.0-100%) | (87.8-100%) (92.0-100%)
Two regional anaesthetists after a 98.7% 93.8% 98.7% 93.8%
workshop?”
(98.1-100%) (69.8-99.8%) | (92.0-99.8%)  (92.5-99.1%)
Emergency physician experienced in 92% 85% 88% 90%
|t 29
ultrasound (73-99%) (62-97%)  (72-95%) (69-97%)

PRACTICAL APPLICATION

We are of the opinion that gastric ultrasound should be performed by trained operators on all emergency or
semi-acute patients. In elective patients, it is warranted when the following risk factors are present: diabetes
mellitus, preoperative opioid use, obesity, severe renal or hepatic impairment, Parkinson’s disease, untreated
coeliac disease (that is, still consuming gluten), clinically significant stroke, significant preoperative anxiety,

or non-adherence to fasting guidelines. Recent Australasian and American recommendations suggest using
gastric ultrasound on patients taking glucagon-like peptide-1 (GLP-1) receptor agonists, a relatively new class
of drugs used to treat obesity and diabetes mellitus, as they delay gastric emptying.®® '

There are a number of steps clinicians can take to incorporate gastric ultrasound into routine clinical practice.
In the absence of a departmental training set-up or local expertise, we recommend attending a dedicated
gastric ultrasound workshop to begin the journey to competence. Next, set aside dedicated sessions (typically
your own administrative time) to scan all preoperative patients for practice, not necessarily to make clinical
decisions, recording images and videos and sharing these with a mentor or an experienced practitioner. In our
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unit, workshop facilitators volunteer themselves as distant mentors to review images and videos as practitioners
develop competence and gain confidence in their image interpretation. Based on previous studies, competence
is achieved after approximately 30 practice scans for novices and 9 practice scans for those experienced in
ultrasound-guided regional anaesthesia.?® 7

The following are some common or notable clinical scenarios we have encountered in our unit when using
gastric ultrasound:

. Does the acute patient require a rapid sequence induction (RSI) or is routine tracheal intubation safe and
appropriate? An empty stomach with acute appendicitis does not require a RSl in the absence of risk
factors for regurgitation.

. Is a supraglottic airway (SGA) safe and appropriate? Many orthopaedic patients experience pain and
receive preoperative opioid analgesia, both of which are risk factors for delayed gastric emptying. A SGA
is not always appropriate and patients may require a RSI or have their surgery delayed.

= A patient scheduled for elective surgery confesses to having “a bite of a sandwich 4 hours ago." Gastric
ultrasound can determine if the stomach is empty and the case can proceed or if the case needs to be
delayed or cancelled. A dogmatic adherence to the 6-hour fasting threshold is not required.

= Alarge fatty meal may take >6 hours to empty from the stomach. It is important to obtain information on
the last meal from all elective patients and to consider if gastric ultrasound is appropriate.

= An extremely anxious patient presents for elective surgery, having been adequately fasted. They are worried
about ‘waking up’ during surgery. Preoperative monitoring notes an elevated heart rate. Gastric ultrasound
reveals solid content, presumably due to prolonged sympathetic nervous system activation secondary to
anxiety.

. A patient with a nasogastric (NG) tube in situ is scheduled for abdominal surgery. There is minimal aspirate
through the NG but gastric ultrasound reveals copious amount of particulate (not clear) fluid. Gastric
ultrasound allows confirmation of the effectiveness of NG suction as thick fluid such as faecal matter or
coagulated blood may not be able to be adequately aspirated via the NG tube.

CONCLUSION

Gastric ultrasound is a relatively new tool with a constantly expanding evidence base. It is the only practical
objective method for assessing gastric content and volume. Based on current available evidence, the group

of patients most likely to benefit from gastric ultrasound are those presenting for acute or emergency surgery.
Routine scanning of healthy patients presenting for elective surgery is not recommended unless they have risk
factors for delayed gastric emptying, provide a suspicious fasting history, or admit to a large fatty meal just prior
to their fasting period.

Gastric ultrasound should be included as a core skill in anaesthesia training. It is relatively simple to learn,
feasible to use, and has widespread clinical utility in large groups of patients. Consideration should be given to
amending fasting guidelines to incorporate gastric ultrasound assessment in specific situations.
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INTRODUCTION

Over the past 30 years, there has been a large increase in the number of acute and chronic medical conditions
that are managed by multidisciplinary teams (MDTs), such that they are now considered the gold standard

of care. Along with the development of evidence-based medicine, the MDT has enabled the development

of treatment regimens according to best practice, taking into account the individual patient circumstances.
Despite being commonplace and considered the gold standard, there are few guidelines as to how MDTs
should be conducted. In the absence of guidelines and subsequent lack of standardisation it is difficult to
determine whether an MDT is functioning effectively. In the situation of a unanimous decision regarding a
treatment regimen, and an optimal treatment decision being made, there is probably little medicolegal risk to
any member of an MDT. However, in the not unlikely situation when a variety of treatment options exist, and

a suboptimal treatment regimen recommended, then the medicolegal risks to a member of an MDT are less
clear. Pain specialists are frequently involved in MDT decision making. Anaesthetists may be of the opinion that
their participation in MDTs is limited, but with an ageing population demographic, patients surviving longer with
extensive co-morbidities, and the possibilities of alternative less invasive therapies, it is not surprising that the
expertise of anaesthetists, particularly as perioperative physicians, will be sought in MDTs.

Increasingly, the theoretical medicolegal risks of MDT participation have been considered but have not

been conclusively tested in legal proceedings." In Australia and other jurisdictions, MDTs have come under
increasing scrutiny in both public and private health systems. This has occurred as a result of public inquiries
into suboptimal care provided without MDT input, employment law relating to participation in MDTs, regulatory
body discipline determinations, and two Australian coronial inquest findings. One finding, having determined
the absence of MDT decision making, highlighted the necessity for MDT involvement in patient care. While this
outcome would seem to paint a clear picture of legal support for the utilisation of MDTs in similar situations, the
other finding found fault and culpability in the consequences of poor communication within MDT processes.>®
It is into this environment of heightened awareness and scrutiny of MDT practices that anaesthetists will be
asked for their input.

When looking at an MDT process from a patient’s point of view, Australian law professor lan Freckleton AO KC
writes “For the person at the centre of such a gathering, several reasonable assumptions can be made — that it
is the convenor of the meeting who makes the decisions, or that all who are present, unless they explicitly voice
their dissent, contribute to or at least acquiesce in the decision.”* While MDTs are yet to feature prominently in
litigation, there has been a clarification in the legal sense of doctor-patient relationships over recent years, with
implications for MDT members.

In this chapter we will discuss the major medicolegal issues for MDT members relating to the existence of
a duty of care and dissent from a treatment decision and consider strategies to reduce the risk from MDT
participation.
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THE DUTY OF CARE OF MDT MEMBERS

The relationship between a treating physician and a patient may range in a spectrum from that of the primary
treating physician through to that of the Good Samaritan helping out in an emergency. The duty of care is
evidently clear in the situation of an individual doctor treating an individual patient. However, tertiary, and
quaternary hospitals increasingly garner input from the myriad of specialties present in an equally diverse
spectrum of formality. These nuanced and sometimes complex relationships have created a chasm in
quantifying how a duty of care overlays these interactions, and this assessment continues to evolve from a legal
point of view, especially with the increasing use of telehealth services. This conundrum is reflected in a recent
United States court judgment which stated “[iln light of the increasing complexity of the health care system, in
which patients routinely are diagnosed by pathologists or radiologists or other consulting physicians who might
not ever see the patient face-to-face, it is simply unrealistic to apply a narrow definition of the physician-patient
relationship in determining whether such a relationship exists..” This begs the question, “what is your duty of
care if you participate in an MDT"?

There are two likely scenarios in which an anaesthetist or perioperative physician may be involved in an MDT
setting, the first being that of an informal consultation, seeking an opinion as to whether a patient may be

fit for surgery, the second is that a formal request to participate in the MDT process to determine treatment,
which may or may not be in the form of a second opinion. These relationships have now been considered and
developed within legal proceedings, such that it may be assumed that a duty of care exists within the varying
roles of contributors in the MDT process.

THE INFORMAL CONSULTATION

Despite being extremely common, the informal consultation is an enigma. Most medical practitioners would
feel comfortable identifying an “informal consult,’ yet objectively defining the boundaries of what would
constitute one is more vexatious. Although the term “informal consultation” is not a legal term, there are certain
commonalities that appear when discussing what it is; these being that the doctor does not examine the
patient, has no direct communication with the patient, does not review the patient’s records, has no obligation
for formal consultation, receives no payments for services, gives opinion and advice only to the primary treating
physician, and that the treating physician remains in control of the patient’s care and treatment.® These features
are often seen in anaesthesia practice, when a proceduralist may seek an opinion as to whether a patient may
be “fit" for anaesthesia, or the optimal type of anaesthesia. They also may describe the way an anaesthetist
may be consulted by an MDT as to whether a patient may be fit for a proposed treatment regimen. Both these
situations may occur in a less formalised way within private or independent healthcare systems.

Traditionally, courts have tended to view an informal consultation as one colleague providing a service to
another, enabling the provision of better healthcare, and that the informal consultations typically did not result
in a formal relationship between the consulted doctor and physician. Courts have however noted that doctors
consulted “have professional and ethical obligations to act with the skill, knowledge, and diligence commonly
expected in their field of specialty."®

Given the more litigious environment of the United States, it is not surprising that this is where legal
developments and precedents may originate. A recent court decision has looked at the informal consultation
from a new perspective. Rather than looking at an expressed physician-patient relationship for a finding of
medical negligence, this judgement has considered the foreseeability of harm.” This was considered from two
perspectives. Firstly, in this type of consultation (informal consultation) a doctor owed patients a duty of care
because their advice may expose a patient to danger if their advice was acted on, and the doctor was bound
to know that the patient would be likely to follow that advice. Secondly, that when a doctor provides medical
advice and it is foreseeable that another party will rely on that advice, a duty of care therefore exists. It would
not be unreasonable to speculate that even with the advice that a treating practitioner may receive from an
informal consultation, that a patient would be likely to follow this advice when it is presented by a treating
practitioner with whom they are already likely to have an express relationship.

As argued above, it would be reasonable to consider that in any legal process for negligence, the nature of the
informal consultation could be considered to describe a practitioner’s participation in an MDT.

THE SECOND OPINION CONSULTATION

What constitutes a (clinical) second opinion differs according to the expectation of that opinion for both
practitioners and their patients, and within jurisdictions. Within an MDT process, the more traditional
expectation of a second opinion is applicable. This describes a situation in which “a treating doctor asks a
patient to see a colleague so that the two doctors can discuss the case with the aim of allowing the treating
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doctor to better understand the case and its significant aspects. Therefore, a second opinion is provided to and
for the treating doctor, to help their assessment and formulation of a treatment plan."®

It could be considered within certain MDT frameworks, especially those that are becoming more streamlined
and protocol managed, that the role of the MDT members is to provide a second opinion, from which to confirm
a diagnosis and treatment, having considered the information that has been prepared according to protocol.
Although this may appear similar to the informal consultation role, the second opinion role occurs in a much
more formalised and structured process.

There are relatively few legal cases relating to doctors who have provided a second opinion. This may be
because a second opinion is almost always considered a beneficial process, as alternative treatments may
be considered. Particularly in the case of an MDT, a clinician may be able to offer a new perspective or rein in
potentially bullish treatment options that may be affected by human factors, such as unconscious bias, by the
primary treating doctor.

An early case looking at the role of the second opinion was from New South Wales in 1980.° In this case,

a consultant orthopaedic surgeon requested a second opinion from a consultant neurosurgeon for the
management of a spinal condition. As the treatment had already commenced, the neurosurgeon elected

to review the patient later in the admission. By the time of this review, the patient had suffered irreversible
neurological damage and had become a paraplegic. The court determined that although the neurosurgeon
had not seen the patient, they should have been aware of the possibility of spinal cord damage, and that the
potential for this damage would depend on their advice.

The judgement stated that:

“...it could be concluded that he [the neurosurgeon] knew and accepted that the
question of the possible danger to the patient’s cord would be to some extent
dependent on his advice; and this factor alone, in my view, imposed a duty on him. She
became, for relevant purposes, his patient.... Even though he had only been consulted
for a second opinion, had not initiated the treatment, and had not been primarily
responsible for the care of the patient...[the court] held that the neurosurgeon had a
duty of care to the patient.”

The three key elements in this judgment that may be relevant to MDT members is that: firstly members are
consulted because of their expertise, secondly there may be seen to be a failure to intervene to prevent
damage, and thirdly that, although the surgeon in this case was only consulted for a second opinion and was
not the primary treating practitioner, a duty of care was found to have still existed.

CONSENT AND INFORMATION SHARING IN MDT PROCESSES

Karas et al propose that there are four conditions which need to be met for a person to give informed consent
for their disease to be considered by an MDT.

1. That the patient of interest (or carer) understands the purpose of the MDT meeting.

2. That this patient is aware of the disciplines that may participate.

3. The patient is informed about those who in the MDT process will be present in an observational capacity.
4. The patient is informed about what data from their medical history will be shared.

However, for any doctor to make an informed treatment decision, they reasonably require a patient's more
complete medical history. For this reason, consideration should be given to adding a fifth condition, that patients
should be informed about the breadth of their medical history that will be provided and that needs to be
considered by the MDT, and why this information is necessary.

A specialist, in this case an anaesthetist, will be aware of the points in a history that would be considered
relevant to their decision making, but it may be that these salient points are not considered within an MDT
process prior to an anaesthetist being involved in decision making. Without access to an anaesthetist-patient
consultation, it is not feasible for an anaesthetist to have all relevant information and examination findings
available for decision making without a formal consultation having taken place prior. This is relevant in the
potential for liability, which will be discussed below.
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DISSENT AMONG MDT MEMBERS, AND DOCUMENTATION OF DISSENT

Casarett writes that it is “unrealistic to expect that health care professionals will always agree about which

plan of care is best. It is essential, though, that they discuss their differences openly.""® Despite the negative
connotations of the word, dissent is common, but it is not necessarily harmful: it has the potential to improve
health outcomes. Martin proposes a model for the search for truth in medicine, using the concepts of a unitary
or plurality of truths, and whether the search occurs by conflict, as shown (with examples suggest by the writers
of this chapter) in the table below.'

Table 1. Unitary truth versus plurality of truths in the context of conflict and cooperation.

Cooperation Conflict
Unitary truth Cooperative search for truth and social | Orthodoxy versus dissent/heresy
benefit

e.g., HIV is the virus that causes AIDS
e.g., Non-surgical treatment for single versus HIV does not cause AIDS
vessel coronary disease

Plurality of truths Cooperative tolerance Competition; market struggle.
e.g., Haemodialysis versus peritoneal e.g., Different varicose vein treatments
dialysis for renal failure (as they are not covered by public health)

One of the reasons MDTs were instituted was that there was a plurality of truths to treat certain disease
processes, and that no single practitioner would be able to make an optimal treatment decision. It is extremely
unlikely that any dissent in an MDT would be by conflict against a unitary truth; instead, it almost certainly

will be based upon considered thought and review of the evidence base of medical science as to the best
application of therapies to a patient. In this situation, the purpose of dissent is neither malicious nor resulting
from professional jealousy; its purpose is in seeking the best possible patient care. Karas et al note that
disagreements or dissents in the workings of MDTs are related to three main areas. Firstly, the uncertainties
in the evidence base for more complex cases can lead to multiple potential treatments being reasonably
appropriate. Secondly, differing beliefs surrounding the technical/treatment feasibility between practitioners.
Thirdly, inadequate awareness and consideration of the patient’s wishes.'? With increasing respect for patient
autonomy, this third area should (ideally) diminish as a necessary cause of dissent.

It is possible to classify dissent into major and minor dissents. From an anaesthetic point of view, an example of

a major dissent may be over whether a patient is fit enough for renal transplant to justify the risks of anaesthesia
and the potential loss of a donor organ should there be an adverse anaesthetic outcome. A theoretical example
of a minor dissent could be whether a patient should be delayed for curative surgery for a malignant neoplastic
disease in the presence of an asymptomatic infection (for example, COVID-19) that was coincidentally detected
on a standard screening examination. Regardless of the type of dissent, both are likely to be in the presence of

a plurality of truths, and it is important that differing opinions are documented. One reason for documentation

of even minor dissent is that this opinion is (potentially) able to be communicated to a patient/carer. This may
appear difficult to implement, given the number of minor dissents. To the healthcare professional, the relevance or
significance of minor dissent may be trivial, as the long-term outcomes of the disease process are unlikely to differ
significantly, but in the eyes of the patient or their family members, these alternative treatments may be significant,
especially to patients from certain religious and cultural backgrounds.'®

The purposes of documentation of dissent are two-fold. The first is ethical, in respecting patient autonomy

for decision making, allowing them to be fully informed as part of an informed consent process. The second
reason is to provide a framework for the legal protection of the MDT members in a situation where the proposed
treatment plan results in unexpected complications or a sub-optimal patient outcome and the MDT process is
called into question.

Health professionals who contribute to treatment recommendations within an MDT meeting share responsibility
for the decisions made at such meetings, within their area of expertise, and could be potentially liable if a
negligence case is brought by a patient.! If an MDT member feels that they are being asked to weigh in on
decisions that are outside of their area of expertise, it is appropriate that a member abstain from engagement in
these areas, and ensure that this abstention is documented and clarified in meeting summaries. Unless there is
documented dissent or abstention, it could be argued that all participants are directly involved in and supportive
of a patient’s care.
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FAILURES OF THE MDT PROCESS, AND REDUCTION OF ASSOCIATED
MEDICOLEGAL RISKS

Despite the best efforts of all members involved, there will be occasions when the process will fail, and MDT
members should consider these points to minimise their medicolegal risks. The main areas by which an MDT
process may fail can be classified as follows:

1. Decisions made, based on incorrect or incomplete presentation of information to the MDT. In the case of
any doubt, MDT members should always seek further information or clarification prior to decision making.

2. Decisions made on information that has been withheld from the MDT by a patient or a healthcare
professional. Despite adequate informed consent processes, some patients may be unwilling to fully
disclose their complete medical histories. Ensuring that all available information is documented in patient
and meeting summaries is important to reduce risk.

3. Decisions made on the basis of incorrect opinions from MDT members. The onus is on all team members
to ensure that their opinions are based on up-to-date evidence-based practices. Once again, an MDT
member should ensure that their dissention is clearly recorded if they disagree with the proposed
treatment regimen, or their abstention if they believe a decision requested is outside their area of expertise.

4. Failure to continually assess treatment regimens implemented by MDTs. Medical therapies may evolve
rapidly, as may patient co-morbidities, side effects, and complications of treatment. It is important that
any clinician treating a patient according to a regimen proposed by an MDT, reports back to the MDT
regarding progress or issues relating to treatment. These changes likely require frequent re-assessment by
the MDT and may require changes to treatment recommendations.

5.  Failure of correct documentation and communication. The Craig inquest® highlighted issues relating to
documentation standards in MDT processes and made a formal recommendation that MDT notes should
be taken by a suitably experienced clinician or health practitioner, or where this is not possible, notes
should be checked by a suitably experienced clinician prior to being circulated. Within Australia, there
exists a national project to ensure that coronial findings and recommendations from one jurisdiction are
made known to other jurisdictions. It is not unreasonable to expect that, having been highlighted in one
jurisdiction, the issues and common legal pitfalls will become more readily apparent to both courts and
healthcare practitioners. With this increasing scrutiny, MDT members would be advised to review notes
and summaries from meetings they participate in, to ensure that they are complete and accurately reflect
the conduct and decision making for both patient outcomes and legal proceedings.

CONCLUSION

In an editorial on patient expectations and the legal liability of MDTs, Freckleton chillingly notes that “()aw,

as delivered by the civil courts and the regulatory authorities, is a blunt instrument for enhancing the quality

of health service provision and bringing about behaviour change! The reality, however, is that the civil courts
and regulatory authorities only come into play when the behaviour of the practitioner or the functioning of

a healthcare system results in patient outcomes that do not meet expectations of society. Since that time,
MDT processes have been examined in multiple legal cases and inquiries, and process changes initiated.

The development and continued increasing use of MDTs means that the MDT is not likely to be replaced
anytime in the near future in health care systems; in all probability it will become more complex as the scientific
understanding of disease processes increases. It is only by being proactive in identifying and acting upon

the legal risks of the MDT processes that practitioners will be protected from appearances before the civil
courts and regulatory authorities, and more importantly, patients will receive the best possible outcomes in the
management of their diseases.
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INTRODUCTION

Patients are often harmed by medical care. It has been well recognised and documented for several decades
that large numbers of hospitalised patients are harmed by care they receive.'® A recent meta-analysis of 70
studies found that iatrogenic patient harm occurs in 12 per cent of hospital admissions, the prevalence is
higher in medical specialties such as intensive care and surgery, and more than half the events of harm are
preventable.*

The approach to keeping patients safe was transformed in 1999 following the landmark To Err is Human
report® that generated the visceral metaphor of a daily jumbo-jet crash for quantifying iatrogenic mortality in

the US. The call for open and transparent recognition of patient harm events to enable learning opportunities
and a comprehensive approach to developing systematic care processes was subsequently promulgated in
synchrony with awareness of the need for cultural reform. Australia was an early adopter of the new approach.
The Australian Council for Safety and Quality in Healthcare was formed in 2000 with one of the priorities of the
national action plan being, redesigning systems and creating a culture of safety within healthcare organisations.®

Frustratingly, despite enormous investment of focus and resources to address patient harm, numerous reviews
have found there is little evidence of substantial improvement and the pertinence of a need for safety culture

is a recurring theme.”"® Where incremental reductions in adverse outcomes are observed'" the results are

a reminder of the scale of the problem, the challenges yet to be met, and the personal impact for patients
suffering iatrogenic injury.'> Research of stagnating safety performance and refractory causes of patient harm
continue to draw attention to culture change as an essential priority for future progress.’'* However, it is rarely
acknowledged that healthcare’s understanding of culture is shallow and misguided, demonstrating no real
appreciation of its complexity and resistance to change. Referring to the concept of culture as something to be
managed, an organisational property that can be measured and adjusted at will, is erroneous.'®

The significance of organisational culture to anaesthesia care deserves to be prominently acknowledged. It

is a central pillar supporting any endeavour to improve the coherence and effectiveness of group problem
solving. Culture influences how we assess risk, how we perceive and respond to events, and how we approach
the prospect of change. The Anesthesia Patient Safety Foundation list of the top 10 patient safety priorities
currently allocates first place to a culture of safety.'® Coherently, future significant advances in reducing
perioperative patient harm have been predicted to be attained with a cultural shift toward prioritising teamwork
and co-ordination to enable organising for high reliability, rather than with technical innovation or individual
developments (see figure 1).'%'8
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Figure 1. Three waves of innovation in patient safety

Technical and procedural improvements have made surgery safer, but future innovation will focus
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This review will describe the nature of organisational culture in healthcare, how it can influence the safety of
perioperative care, and approaches for developing a culture of patient safety.

WHAT IS ORGANISATIONAL CULTURE?

Culture can be thought of as the foundation of the social order that we live in and the rules we abide by — a
shared system of coercive influence that both enables and constrains our behaviour. Culture helps people work
together cohesively by creating a sense of identity for a shared understanding and commitment to purpose. It is
an essential aspect of collective effort in bringing together large numbers of people and giving them a sufficient
similarity of approach, outlook, and priorities to enable them to achieve collaborative responses to problems.®

Edgar Schein?® explains that what we often think of as organisational culture is just the most visible
manifestations of underlying shared values, beliefs, and assumptions. Organisational culture can be considered
at 3 levels:

Level 1 Artefacts — Visible manifestations of culture (also known as “how we do things around here”):
the physical layout and style of services, dress codes, staff rostering and reporting arrangements, usual
processes of care (for example, ANZCA standards of practice),?' performance acknowledgement rewards and
ceremonies. Artefacts can be explicitly taught and consciously supported with objective knowledge. The most
superficial level of culture is easy to observe but very difficult to interpret without understanding deeper levels.

Level 2 Espoused values — Overtly stated core principles about the organisation’s philosophy, vision, or
purpose. Organisational principles can be used to rationalise and justify behaviours, priorities, and choices;
distinguishing “right” from “wrong” and judging what behaviours deserve to be rewarded or reprimanded.
ANZCA values are expressed by the statement of purpose: To serve our communities by leading high quality
care in anaesthesia, perioperative and pain medicine, optimising health and reducing the burden of pain.??

Level 3 Underlying basic assumptions — Deeply held beliefs that are taken for granted and unchallenged.
Basic assumptions are “known" but are not discussed or documented. They are implicitly learned and
unconsciously held. The core of organisational culture manifests as thoughts, perceptions, and feelings.
Individuals are likely to be unaware of the deeper foundations of their immersive culture and deciphering its
characterisation requires anthropological techniques of observation and interview.
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Culture evolves within an organisation as a group works together to solve problems of external demands

and internal tasks. As solutions are developed, the shared experience gradually facilitates synchronisation of
individual perceptions and attitudes. If the solutions consistently work well enough to be considered valid, they
are taught to new group members as the correct way to act, perceive, think, and feel. As the way continues to
work it becomes taken for granted as the way and people forget that at one time the successful solutions had
to be learnt, and that they evolved in a specific context. The essence of culture is this pattern of shared basic
assumptions — automatic, unconscious, and taken for granted.

Culture is an abstract concept and understanding it requires an appreciation that superficial manifestations
of behaviour and espoused values are integrated into a coherent whole with deeper basic assumptions. The
iceberg analogy illustrates that only a fraction of cultural aspects is observable, while most is hidden and
difficult for outsiders or new members to interpret.?®

Figure 2. The cultural iceberg
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The power of culture to enable or constrain behaviour lies in the cognitive stability and comfort of a shared
“mental map”. Coherent views and aligned social support can be deeply satisfying when considering what
deserves our attention, what events mean, and how to react and respond emotionally to various situations.
Evolutionary biology describes the survival advantage conveyed by the innate human propensity to conform to
the culture of our birth — the human mind is hardwired to fit in.?* The underlying basic assumptions are deeply
held and tend to defy change so the process of challenging or examining cultural attributes can provoke anxiety
and defensiveness.?

Culture permeates every level of an organisation, but it is not monolithic and can vary widely. Some cultural
attributes could be widespread and stable, whereas others might be shared only in subgroups, or held only
tentatively. Healthcare organisations are notoriously varied, fractured by specialty, occupational groupings,

and professional hierarchies. Cultural divergence can impose significant challenges on opportunities for
collaboration due to conflicting assumptions and varying perspectives to approaching problems — doctors may
find themselves in disagreement with managers despite sharing a common purpose of aspiring to improve

the quality and safety of care.?® Differences, however, are not necessarily bad and can be a useful resource to
provide a diversity of perspectives and interpretations of emerging problems.?”

A strong culture is often considered a positive attribute for an organisation but correlation of strength with
effectiveness is not straightforward. Strength reflects a high level of consensus around agreed core values
and can be enhanced by belief in the rightness or moral superiority of an organisation’s purpose.?® Cultural
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strength is also a function of group stability, and the duration and intensity of shared experience. Stable teams
tend to develop a strong culture over time as repeated shared experience reinforces and normalises behaviour.
Team stability is partly explained by the attraction-selection-attrition model.?® People are drawn to organisations
with characteristics similar to their own; organisations are more likely to select individuals who seem to “fit in”;
and over time those who don't fit in tend to leave. Culture then becomes a self-reinforcing pattern that grows
increasingly resistant to change and external influences. A strong culture can reduce organisational flexibility
and adaptability to new problems. Attempts to innovate may be met with resistance or incredulity if they are
perceived as being incongruent with present assumptions.®®

Culture can be used by organisations to guide and influence individual behaviour. Charles Perrow described
third-order controls®' as control over the premise (the underlying basic assumptions) of decision making. First-
order controls such as direct orders, supervision, rules, and policies are conventional methods appropriate

for low-complexity industries or an unskilled workforce. Second-order controls such as standard operating
procedures and specialisation can legitimise individual worker discretion by reducing available options while
enabling autonomy. Leaders can establish third-order control over the premise of decision making by moulding
the underlying basic assumptions with consistent predictable attention to reinforcing the consequences of
particular behaviours. Control through culture, although hard to achieve, is necessary in complex decentralised
systems and organisations, and especially when work is nonroutine, less analysable, and uncertain, as it is

for many professional disciplines, such as healthcare.?” Medical specialist training incorporates centralised
oversight of culture to establish a shared set of core values and learned assumptions, before autonomous
individuals are decentralised into a variety of clinical settings. Culture creates a homogenous set of assumptions
and decision premises which maintains compliance without the need for direct oversight or surveillance,

and, importantly, preserves individual capacity for interpretation, improvisation, and unique action to manage
complexity and uncertainty.?

SAFETY CULTURE

The concept of safety culture as a specific entity became prominent in the 1980s and was first given legitimacy
by the International Atomic Energy Agency report on the Chernobyl nuclear accident.®®* Nuclear regulatory
bodies describe safety culture as the core values and behaviours resulting from a collective commitment by
leaders and individuals to emphasise safety over competing goals.®* Organisations with a positive safety culture
are characterised by: communication founded on mutual trust, shared perceptions of the importance of safety,
and confidence in the effectiveness of preventative measures.*®

Safety culture in healthcare is defined as the pattern of individual and organisational behaviour, based on
shared beliefs and values, that continuously seeks to minimise patient harm that may result from the process
of care delivery.®® The most frequently cited dimensions of safety culture in healthcare research are: leadership
commitment to safety, open communication founded on trust, organisational learning, a non-punitive approach
to adverse event reporting and analysis, teamwork, and shared belief in the importance of safety.®”

CULTURE AND PATIENT SAFETY — ARE PATIENTS AT RISK IN THE OPERATING
THEATRE?

Many anaesthetists would reject, and potentially be offended by, the suggestion that patients might be
harmed by their care. But culture is a way of seeing, or also not seeing, and can lead to significant blind
spots on important issues.'® Estimated anaesthesia-related mortality in Australia is reassuringly low (1:57,125
anaesthetics)®® but scarcity of rare events does not necessarily equate to a safe and reliable system of care.
Rare events are not a valid method for assessing quality of hospital care®® as there is no correlation between
rare events and other safety indicators.*® The proportion of hospital deaths that are preventable is small and a
focus on causes of mortality may distract from examining the impact of pervasive systematic problems.*'

Patient safety in anaesthesia can be thought of as the sum total of many small things done well.*> Even so, most
accidents and failures do not result from a single cause or the actions of a single individual, small incidents
often link together and expand.?” Adverse outcomes often arise from a confluence of intersecting factors rather
than sequential, linear “domino effects” and the increasing complexity of medical care makes causation more
difficult to anticipate and prevent. The challenge of reaching agreement on what incidents or processes should
be measured, or even defining what constitutes an anaesthetic complication, should not obscure the reality that
the operating theatre represents a hazardous environment for patients.*®

How organisational culture can improve the safety of anaesthesia care 135

INCIDENT REPORTING — A COMPLEX SOCIOTECHNICAL PHENOMENON

Quantifying patient harm is difficult as the approach to incident reporting varies widely between healthcare
systems. Perioperative mortality, for example, is legislated for mandatory reporting in NSW to the special
committee investigating deaths under anaesthesia (SCIDUA),** but may be considered for voluntary reporting
in other jurisdictions. It has been estimated that adverse events causing serious harm occur 10-20-fold more
often than lethal events*® and non-routine events during anaesthesia (any aspect of clinical care perceived

as a deviation from optimal care) have been shown to occur commonly and are often associated with patient
harm.*¢ Hence, there is a wealth of information from which to potentially derive lessons for improving the safety
of patient care, but data collection requires an effective incident reporting system. Despite the mandatory
accreditation requirement for all Australian hospitals to utilise incident reporting as a tool for organisational
learning, it is recognised that only a small fraction of incidents are reported.*’

Persistent barriers to voluntary reporting are based on the complex sociocultural approach to adverse
events.*84° Reporting practices are founded on deep-seated views and beliefs based on individual experience,
group interactions, and behavioural norms. A culture of blame, and fear of personal repercussions, may
legitimately motivate against reporting. Peer reporting can be inhibited by loyalty, or a sense that a culture of
“dobbing” could rebound. There is also systematic bias of reporting as nurses are more likely than doctors to
make a notification.®® Although the limitations of data collection preclude voluntary incident reporting systems
being used to measure event incidence or to compare safety performance, the process can provide valuable
insights for identifying risk and stimulating in-depth analysis to generate meaningful safety improvements. Large
systems such as the web-based anaesthetic incident reporting system (webAIRS),>" which now has over
10,000 reports, can potentially identify rare or emerging risks by collating data from multiple sites. Furthermore,
implementing an effective incident reporting system can, of itself, improve the culture of patient safety by
conveying that the organisation prioritises safety and is prepared to change based on frontline feedback. The
ultimate benefit of incident reporting systems could be enabling the long-term evolution of cultural change to
the organisational approach to risk and patient safety.>?

NORMALISATION OF DEVIANCE

Clinicians have traditionally placed high value on the measurement of, and response to, events of substantive
clinical significance. But, in the same way as soft signs of clinical deterioration may indicate the need for prompt
intervention to prevent imminent patient collapse, less clinically significant events of patient harm could be
weak signals indicating a need for systematic review to improve the safety and reliability of processes of care.
The description of reliability as a dynamic non-event®? reflects the need for constant organisational change

to maintain stable outcomes, and the invisibility of successful preventative measures. Safety is defined and
measured more by its absence than its presence.®® When nothing has gone notably wrong it can be difficult

to imagine what could have, or to be inspired to implement change. Organising for high reliability is a process,
rather than an achievement, and a preoccupation with the prospect of failure is one of the hallmarks of a
successful approach.>* Embedding practices for high reliability in an organisation requires establishing cultural
foundations to value the premise of continually monitoring and responding to weak signals, and to believe in the
effectiveness of systematic interventions to avoid an event potentially causing significant patient harm.®®

Anaesthetists have reason to be cautious about complacency with our enviable patient safety record. High
standards of care attained with decades of multidisciplinary collaboration could be undone by shifting priorities
and increasing tolerance of unsafe actions. Patients are presenting for surgery at increasing age®® and

frailty, with greater associated risk of adverse outcomes and the need for additional resources.’” Pressure to
rationalise resources and efficiently utilise operating theatre time may conflict with anaesthetic concerns, and
compromise preferences that can be difficult to justify in the absence of a catastrophic event to reference.

Anaesthetists exhibit a wide range of tolerances for proceeding in situations of suboptimal conditions, even
where guidelines are clear that a case should absolutely not go ahead, and the decision is often justified by
the belief that their actions reflect a wider professional consensus.®® The gradual acceptance of incremental
erosion of standards — normalisation of deviance — was first described in reference to the NASA space
shuttle Challenger disaster.>® In that instance, the insidious development of a culture that accepted departure
from engineering standards was reinforced by a lack of bad outcomes. Inaction did not lead to negative
consequences and the collective insensitivity to deviation diminished the value of opposing views to the
extent that the warnings of engineers were ignored; refusal to approve the fateful Challenger launch was
overruled. Correlations to clinical practice could include examples such as failing to correctly perform time-
out procedures, routinely turning off alarms or ignoring safety alerts.®® A strong culture of patient safety is an
important buffer against the pressure of conflicting priorities (such as increased efficiency, reduced staffing,
or compromised access to non-clinical or educational opportunities) leading to normalisation of deviation in
anaesthesia and potentially catastrophic outcomes.®'
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SAFETY CULTURE ALIGNS WITH CLINICAL OUTCOMES - THE EVIDENCE

Culture affects behaviour, attitudes and cognition and it is logical that a culture of safety would lead to good
patient outcomes. Evidence to support a link is evolving but, as yet, benefit is not conclusively shown.?” A recent
meta-analysis found no randomised controlled trials but a consistently positive association in 62 heterogenous
articles examining culture and outcomes. The authors concluded that the evidence supports activities that
promote positive culture to enhance outcomes.®?

Understanding the nature of the association between organisational culture and outcomes requires a nuanced
appreciation of the research. The study of culture is rooted in the science of anthropology, where research is
predominantly qualitative. Surveys such as the Hospital Survey on Patient Safety Culture 2.0% that provide
quantitative data are limited to measuring safety climate — superficial manifestations representing a snapshot in
time of individual perceptions of the organisational approach to safety. The challenge of summarising complex
cultural phenomena as a numerical score to display a direct association with changing patient outcomes that
are similarly complex and difficult to measure may continue to defy attaining level 1 evidence. Furthermore, the
nature of system level reform necessary to address cultural issues creates incompatibility with randomisation
and controlled study design; research is better suited to observational methodology.®* It is also recognised that
the relationship between organisational culture scores and clinical outcomes is likely to be inherently self-
reinforcing; past performance is as likely to shape local culture as culture is to shape healthcare performance.
Virtuous circles of high performance leading to high expectations may be seen, as may spirals into decline when
poor performance leads to demoralisation and resignation.®®

Perioperative care is a particularly complex environment with multiple interdependent autonomous individuals
contributing to the process. Significant healthcare improvement can be difficult to achieve with isolated
interventions and a multitude of independent projects can paradoxically introduce new risks by undermining
standardisation and co-ordination. As such, patient safety improvement is more likely to be effective with an
integrated approach targeting safety management systems.®® However, co-ordinating systemic organisational
solutions requires multidisciplinary collaboration and a cultural shift to redirect the prevailing narrative from the
primacy of individual accountability to a focus on the value of collective activity.®”

Therefore, while research examining the association between safety culture and patient outcomes evolves, a
lack of conclusive evidence should not be a barrier to recognising the effect of culture on processes of care
and acting to implement co-ordinated approaches to address systemic issues. Anaesthesia previously became
orders of magnitude safer with increased awareness of risk and the introduction of critical incident investigation
techniques to examine preventable mishaps.®® Importing new approaches from other high-risk industries, and
the subsequent implementation of human factors engineering, was not impeded by inadequate data, but was
applied with consideration to how the solutions made sense in a clinical context.'

HOW TO IMPROVE ORGANISATIONAL SAFETY CULTURE

The deep and complex nature of culture defies change with superficial or isolated interventions. Vogus, Sutcliffe,
and Weick developed the enable, enact, elaborate conceptual framework®® for understanding an organisational
approach to active, purposeful safety culture improvement.

Enable — Leaders enable a safety culture by credibly and consistently communicating their expectations about
safety and safe performance, and by recognising and rewarding employees who act in accordance with these
expectations. Coherent commitment to safety is reflected by investment in policies, procedures, equipment, and
personnel to create a safety infrastructure. Leaders collect and disseminate safety information within a robust
safety management information system. They set the tone at the top and make it understood that everybody is
responsible for safety. When leaders are credible and communicate and act consistently, individuals begin to
develop consistent expectations about what is important, and safe behavioural norms can emerge.

Enact — Shaping safety culture is as much a bottom-up process as it is top-down. People across the
organisation collectively enact — put into practice — the commitment to safety. Throughout the organisation,
systems and processes that enable people to communicate about potential problems, errors, and risks are in
place. This means that people are willing and able to speak up about safety concerns, despite potential costs of
doing so. In their day-to-day activities, people are encouraged to be mindful of problems and are preoccupied
with risk, particularly when these activities are complex and non-routine. The organisation is collectively

vigilant about safety. If there is discrepancy between espoused and enacted priorities (differences in declared
organisational policies and informal practice), employees make sense of the overall pattern of signals and
discern the underlying organisational values, beliefs, and assumptions.”
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Enacting recurring organising processes and actively shaping culture are crucial. They work together to
overcome inertia and complacency and avoid the practical drift away from safe practice. The common thread in
safe cultures is intelligent wariness and the commitment and motivation to enact daily behaviours and activities
that increase mindfulness and keep complacency at bay.

Elaborate — The organisation and its units regularly and continuously elaborate its safety culture by reflecting
on safety performance and attempting to learn from it. People reflect on causes of incidents, both large and
small, in a number of ways, both formal and informal. Employees demonstrate the capability to learn in real time,
reflecting on events as they unfold and quickly trying to derive lessons for the future. Moreover, leaders stress
organisational learning, taking actions to improve safety infrastructure based on notable past incidents and
building into operations opportunities for continuous improvements to policies and procedures.

The sum effect of safety culture in an organisation is a collective mindfulness of the ubiquitous nature of risk
and the constant potential for unexpected events. Patient safety is derived from a shared situational awareness
that facilitates implementation of systems put in place to minimise the risk and potential impact of harm, and to
promptly recognise and effectively manage clinical deterioration.

ORGANISATIONAL CULTURE CAN IMPROVE PERIOPERATIVE PATIENT SAFETY -
THE CHECKLIST EXAMPLE

The pervasive nature of cultural influence may manifest throughout an organisation so the potential effect
on processes and outcomes is broad. The impact of safety culture on the successful implementation of
perioperative checklists is an illustrative example.

The first formal use of checklists was by Boeing in 1935 following the fatal crash of a prototype bomber.

The cause was found to be simple human error as the experienced and diligent flight crew launched without
releasing a catch that locked all flight controls. It was determined that the technological complexity of advanced
aircraft exceeded the reliability of human cognitive performance.” While checklists are universal in modern
aviation, the introduction was not initially accepted with consensus or enthusiasm. The process was considered
particularly useful for inexperienced pilots flying new and complicated aircraft during the Second World War but
flying “by the book™” was rejected by experienced pilots who preferred their own routines and disliked military
discipline.” The gradually increasing utilisation of checklists corresponded with decades of cultural evolution to
appreciate the value of standardised protocols to the systematic approach to safe flight.

Checklists in healthcare can significantly reduce errors in surgery and using them routinely can result in greater
efficiency, consistency, and safety”™ but they have not penetrated medicine to the same degree as other high-
risk industries. The difference is partly explained by healthcare’s inadequate appreciation of the challenge of
checklist implementation and the importance of a supportive safety culture.

The first demonstration in healthcare of effective widespread implementation of a checklist to improve outcomes
was the Keystone project initiated at Johns Hopkins University Hospital.” The landmark program virtually
eliminated central line associated blood stream infections in 103 Michigan intensive care units. The success
was widely misunderstood and misrepresented as being due to the introduction of a simple 5-item checklist’™
but the undertaking was better described as a complex cultural and organisational change effort.”

The project featured obligatory organisational commitment for each participating unit including: support of
executive management, committed medical and nursing team leaders partnered with local infection-control
practitioners, an education program teaching the science of safety and the evidence base for each intervention,
audit and reporting of infection rates and investigation of any cases, empowerment of nursing staff to speak up
if the checklist was not followed, and regular conference calls and meetings for support and mentoring. Local
teams were encouraged to customise the checklist to suit their own culture. The checklists themselves were
just one component of a comprehensive program to change the culture of the ICUs. The authors caution that
“just tell the workers to use checklists” is, quite simply, the wrong conclusion to draw from the study — when we
begin to believe and act on the notion that safety is simple and inexpensive, that all it requires is a checklist, we
abandon any serious attempt to achieve safer, higher quality care.”

The surgical safety checklist (SSC) was developed by the World Health Organisation and the Harvard School
of Public Health to promote evidence-based practices for reducing preventable surgical complications. The
SSC objective is not merely to check that essential processes have been attended to, but to encourage
teamwork and facilitate effective communication. It has been shown to impressively reduce perioperative
mortality”® and complications” but the checklist, as with any clinical intervention, will only be as effective

as its implementation.®® Improvement in surgical outcomes is inconsistent®' as implementation is varied.®283
Successful implementation correlates with team engagement,® effective teamwork,?® and safety culture.®®
Outcomes have been shown to improve in proportion to the degree of checklist implementation, displaying a
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positive “dose-response” effect.®” Disparate outcomes from the standardised checklist introduction reflect the
varying underlying organisational cultural factors that determine how the initiative is accepted and integrated
into existing organisational workflow.

It has been argued that utilisation of checklists and other safety processes adopted from high-risk industries
can only work if unimpeded by barriers of traditional specialist autonomy and discretion.®® Checklist
implementation can be hindered by historical beliefs linking performance and accountability to individual
autonomy. A cultural change to reduce hierarchy gradients and encourage constructive dissent could be
perceived as a loss of status to specialist doctors unaccustomed to being challenged. Avoiding patient harm
requires a degree of humility to accept the premise of collaborative teamwork and willing information exchange.
A culture of safety would view acceptance of checklists as cognitive aids, and participation in team processes,
as a sign of strength; whereas failing to use them could be regarded as a weakness and perhaps reckless.®®
Effective implementation of checklists is not an individual endeavour, but it does require individuals to adapt

to a changing safety culture. That, in turn, requires organisational leadership to understand and demonstrate
commitment to the priority of patient safety.®

The importance of patient safety culture for successful checklist implementation was demonstrated by the
state-wide hospital collaborative in South Carolina. Introduction of a voluntary checklist-based surgical safety
program consisted of a comprehensive, multidisciplinary 12-step process. After 3 years, stratified 30-day
mortality outcomes showed a reduction from 3.38% to 2.84% for hospitals that completed all 12 steps,
compared with an increase from 3.50% to 3.71% for those that did not.® Hospitals completing the program
had significantly higher levels of executive and physician engagement, and more teamwork training and
support.®? It appears that checklists do not perform well as an isolated intervention but can function effectively
as a component of a comprehensive systematic program to improve perioperative care.®®

Initial enthusiasm and naivety have given way to recognition that benefit to patient outcomes is not inherent to
the introduction of a checklist. Improved quality and safety of patient care can be expressed with a checklist-
based program when the perioperative team is properly trained and supported by an organisation with a strong
safety culture.

CONCLUSION

Since the Anesthesia Patient Safety Foundation introduced the term patient safety to describe the modern
approach to avoiding iatrogenic harm, anaesthetists have been at the forefront of the field; collaborating with
safety experts to implement novel approaches originating from other industries. The challenge of identifying
and managing perioperative hazards in an increasingly complex healthcare system is beyond the means of
individuals — patient safety is a collective activity with sociocultural implications. To continue as patient safety
leaders, anaesthetists must recognise the broad, pervasive influence of organisational culture on the ability of
individuals to effectively work together with a common purpose. Understanding the science of patient safety,
in the same way as we understand the basic sciences of physiology and pharmacology, is a foundation for
enabling collaboration with systematic solutions to safer patient care.®*%
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A BRIEF HISTORY OF CLOTTING FACTOR DEVELOPMENT

To fully comprehend the advanced and complex options currently available to treat inherited disorders of
coagulation, we must first return to a time, just 100 years ago when the prognosis of haemophilia was dire.
The only treatment for severe debilitating bleeding and haemarthrosis was splinting, ice, and bedrest. Life
expectancy was only 10-15 years, even for patients with mild disease. Those lucky few that did survive were
compromised by severe disability.!

During the First World War, high numbers of casualties forced medical advancement and the understanding
of blood types. This resulted in a low efficacious treatment option for haemophilia; patients were given whole
blood, which contained the missing coagulation factors they needed. With only a modest clinical benefit, life
expectancy improved to around 20 years of age.?

Over time, increasing combat casualties became triggers for the improved preparation of plasma, that
contained coagulation factors alone. However, this form of replacement therapy was not widely available and
was also of limited clinical efficacy. So, even until the 1960s, the life expectancy of patients with haemophilia
was no more than 20-30 years.?

In 1964 Judith Pool discovered cryoprecipitation, the process for creating concentrated blood clotting factors
including human Factor VIII.3

By the 1970s, industrial scale processes were in place for manufacturing factor concentrates, which
significantly improved the quality of life for patients with haemophilia, who had access to such treatment. From
then on Factor VIl was available to terminate acute bleeding caused by haemophilia, and to preoperatively
prepare the patient for surgical procedures previously deemed too high risk.?

However, the 1980s saw a dramatic and devastating blight on this progress. Patients treated with clotting
factors produced from large plasma pools began contracting blood-borne infections, most notably HIV and
hepatitis.* Then in the 1990s, advancements in molecular genetics allowed the manufacture of recombinant
factors and this, in combination with enhanced screening and virucidal techniques, has halted the transmission
of blood-borne viruses, with no reported cases since 1990.4

Unfortunately, blood-borne diseases was not the only significant obstacle encountered by patients with
inherited clotting disorders, as it emerged that up to one third of patients treated with factor-specific therapies
would go on to develop alloantibodies to the factor they received.® This made them refractory to replacement
therapy because the coagulant activity contained in factor replacement products was neutralised by the
patient’s own specific antibodies.

Alternative ways of achieving clotting were sought and it was discovered that plasma concentrates of activated
factors of the prothrombin complex (aPCC), as well as the recombinant production of activated Factor VII
(rFVlla), offered new ways to bypass the coagulation defect associated with Factor VIII inhibitors. These were
termed “bypass agents” and have been extremely successful in improving outcomes for patients with inherited
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bleeding disorders, such that their life expectancies now approach those of a person with no clotting disorder.*
Further advances include the discovery of extended half-life factors, which increase the dosing interval for
patients with severe disease who require regular factor therapy. In today’s practice, we have access to several
purified factor concentrates for use in trauma, cardiac, and obstetric surgery and this is largely thanks to our
understanding of the inherited clotting disorders such as the different types of haemophilia, which have been
the driving force for progress regarding factor fractionation.

INTRODUCTION

This paper will review the currently available factor concentrates and the evidence and indications for use.
Figure 1. summarises the currently available factor preparations available in Australia that will be covered in this

article.

Figure 1. Products available in Australia®
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FACTOR 1 (FIBRINOGEN)

Fibrinogen (Factor |) is a glycoprotein complex produced by the liver and plays a pivotal role in the stabilisation
phase of clot formation in haemostasis (Figure 2). During tissue and vascular injury, it is converted enzymatically
by thrombin to fibrin and then to an insoluble fibrin-based clot. It supports thrombin generation and platelet
aggregation and facilitates wound healing.®

Figure 2. Clotting factors involved in the initiation, amplification, and stabilisation of clot formation
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Factor 1 (fibrinogen) is available from fresh frozen plasma (FFP), cryoprecipitate, or as a fibrinogen concentrate
(RiaSTAP®). The quantity of Factor | varies significantly depending on the product. Hence the volume of
infusion required for a clinically effective dose varies depending on the product used. Fibrinogen concentrate
contains 20g/L of Factor |, compared to 15-17g/L for cryoprecipitate and 2g/L for FFP.° Additionally, there

are several benefits of fibrinogen concentrate including being blood type free, storage at room temperature,
and rapid reconstitution and administration. Cost is the main barrier to its widespread use. Cryoprecipitate, on
the other hand, has the advantage of containing other important coagulation factors such as von Willebrand
Factor (WWF), Factor VIII, and Factor XIlI, which may promote more rapid and effective coagulation in bleeding
patients.®
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Congenital fibrinogen deficiency is a rare, autosomal recessive inherited bleeding disorder in which coagulation
is impaired by lack of fibrinogen. The lack of fibrinogen expresses itself with excessive and, at times,
uncontrollable bleeding most commonly occurring at birth from the umbilical cord."

INDICATIONS FOR USE

In Australia and New Zealand, fibrinogen concentrate is supplied and funded for treatment of acute
bleeding and prophylaxis in patients with congenital fibrinogen deficiency (including afibrinogenaemia,
hypofibrinogenaemia and dysfibrinogenaemia).'" 2

The most common off label use for fibrinogen concentrate is in the management of major bleeding as an
alternative to cryoprecipitate. Fibrinogen concentrate leads to faster correction of fibrinogen levels compared
with cryoprecipitate.’® However, cryoprecipitate transfusion provides additional factors that restore key
fibrinolytic regulators and limit plasmin generation. Consequently, cryoprecipitate led to stronger and more
stable clots with a more natural fibrin structure compared with fibrinogen concentrate in an ex vivo study.’ A
large randomised controlled trial comparing fibrinogen concentrate and cryoprecipitate use early in trauma on
clinical, patient-centred outcomes is ongoing (FEISTY II).'®

FACTOR VIIA (NOVOSEVEN™)

Factor Vlla, when bound to tissue factor (Factor Ill), is important in the initiation phase of clot formation. Factor
VIl circulates in the blood in the inactive form. Upon vessel injury, Factor VIl is exposed to tissue factor (TF) and
activated to become Factor Vlla by proteases, among which are thrombin (Factor lla), Factors Xa, IXa, Xlla, and
the Factor Vlla-TF complex itself. The complex of Factor Vlla-TF catalyses the conversion of Factor IX to [Xa and
Factor X to Xa (Figure 2).'®

NovoSeven™ is a recombinant Factor VIl in an activated form. As Factor Vlla has already been activated,
thereby bypassing the body’s innate homeostasis, it carries greater risks of thrombosis than other factor
products. Clinicians must incorporate clinical judgment to balance the potential benefits of achieving
haemostasis against the higher risks of thrombosis when administrating this product.

NovoSeven™ was developed for patients with inhibitors to coagulation Factor VIII or Factor IX, and congenital
Factor VIl deficiency. It is generated in cultured hamster cells grown in newborn calf serum (purified from
culture supernatant) and is converted to Factor Vlla during purification.

INDICATIONS FOR USE

In Australia and New Zealand, NovoSeven™ has been approved for several indications (no age limit) including
Haemophilia A and B with inhibitors, acquired haemophilia, Glanzmann thrombasthenia, and congenital Factor
VIl deficiency."” It has an ultra-short half-life of just 2.6 to 6 hours after administration. The initial dose is 90
mcg/kg however there is significant individual variability in the haemostatic response to Factor Vlla, and it can
be prothrombotic in non-haemophiliacs.”

The off-label use of NovoSeven™ is generally reserved as salvage therapy to control microvascular bleeding
when conventional therapy with transfusions and antifibrinolytic therapies have failed. Use under these
circumstances has been investigated by multiple RCTs and subsequently a meta-analysis of 993 uses which
concluded that rFVlla did not change mortality (RR, 0.90; 95% CI: 0.50, 1.64; 12 = 0.0%; P = 0.738).'®

Individual RCT analyses showed that the use of rFVIlla could reduce the volume of blood loss (including for
prostate cancer, severe acute pancreatitis (SAP), and spinal disease) and the transfusion of packed red cells
(PRC) and FFP in subsets of perioperative patients. There was also a trend toward reduced surgical re-
exploration in cardiac surgery, but this did not meet statistical significance.'®

Recommendations endorsed by the European Society of Anaesthesiology cited the lack of good evidence
for the use of rFVlla which limits the scope of its use. In summary, there is a rationale for using rFVlla to
treat massive bleeding in certain indications, but only adjunctively to the surgical control of bleeding once
conventional therapies have failed.'® Additionally, it is worth noting the current cost of rFVIla in Australia is
around $6000 for a single adult dose.®

FACTOR VIII

Factor VIl is essential for forming a stable blood clot (Figure 2). Factor VI circulates in a stable noncovalent
complex bound with VWF. When tissue is damaged, it is activated by thrombin (Factor Ila) and dissociates from
vWEF. It then binds to and becomes a cofactor for Factor 1Xa to activate Factor X, which, in turn, with its cofactor
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Factor Va, activates more thrombin. This sets up a positive feedback loop contributing to a ‘thrombin burst'.
Thrombin cleaves fibrinogen into fibrin which polymerises and crosslinks — using Factor XlII — into an insoluble
blood clot.

Factor VIII deficiency results in Haemophilia A. Most commonly, Haemophilia A is a hereditary disorder with
an X-linked recessive inheritance pattern and therefore more likely to affect males. It has an incidence of 1 in
5000 male births. Disease can be mild, moderate, or severe depending on the level of activity of Factor VIII.
Around 30% of female carriers have Factor VI activity below 40% and are at risk of increased bleeding in the
perioperative period.?

Acquired Haemophilia A, an autoimmune disorder, is much rarer (1-6 cases per million inhabitants per year)
and is caused by the development of autoantibodies against Factor VIII.>' About half of acquired Haemophilia
A cases are idiopathic. There is, however, an association with the postpartum period, drugs (penicillin,
sulfonamides, phenytoin, interferons, fludarabine), other systemic autoimmune diseases — such as rheumatoid
arthritis, malignancies, and infections.?'

Factor VIl therapy is available in three forms, plasma-derived, recombinant, and extended half-life recombinant.
Plasma-derived Factor VIl concentrates are prepared by commercial fractionation of carefully screened donor
plasma. They are stratified based on purity. Greater purity reflects a higher ratio of Factor VIII to non-Factor VIII
proteins. Recombinant Factor VIII products include several genetically engineered proteins produced in either
animal or human cell lines. For the most part, these are made using modified versions of the human Factor VIII
gene.?? Longer-lasting recombinant Factor VIl preparations with extended half-lives have the advantage of
less-frequent dosing, enhancing the ease of administration for some patients. This is now the gold standard for
haemophilia care with Eloctate and Adynovate being the main commercially available products.?

The dose for prophylaxis for severe Haemophilia A is 25-40 units/kg, 3 times per week. Levels are monitored
via Factor VIl assay with the units reported as a percentage of normal. The dose in emergency bleeding will
vary depending on factor levels and is best guided by a haemophilia treatment centre (HTC).2*

Currently there is no indication for the use of Factor VIII in the perioperative period other than in the
management of haemophilia.

FACTOR IX

Factor IX is cleaved by Factor Xla of the contact pathway or Factor Vlla of the tissue factor pathway to form
Factor IXa. Then Factor IXa, in the presence of Ca2+, membrane phospholipids, and a Factor VIII cofactor,
hydrolyses one arginine-isoleucine bond in Factor X to form Factor Xa which helps begin the initiation of clot
formation. Factor Xa is required to convert prothrombin to thrombin. However, if antithrombin is present, Factor
IX is inhibited.?®

Deficiencies in Factor IX manifest as Haemophilia B, also known as Christmas disease, presents with a range
of severities depending on the gene defect. Although it is the second most common haemophilia, it is generally
less severe than Haemophilia A.?® It too, is inherited as an X-linked recessive disorder. Female carriers are
usually asymptomatic.

Again, like Factor VIl there are three formulations. Plasma-derived Factor IX, recombinant Factor IX, and
extended half-life recombinant Factor IX (Alprolix being the most widely used).*

In the absence of an inhibitor, the dose required is obtained by multiplying the patient’s weight in kilograms
by the desired factor level. Each international unit (amount in 1 mL of normal pooled plasma) of Factor IX
per kilogram of body weight will raise the plasma Factor IX level by about 1 IU/dI.?” For example, a 50 kg
patient who needs a level of 40 IU/dl would need 2000 units of plasma-derived Factor IX. Vials of Factor IX
concentrates are available in doses ranging from 250 to 3000 units each.

FACTOR XI

Factor Xl deficiency, Haemophilia C, is an extremely rare condition with prevalence around 1 in 1 million that is
usually inherited in an autosomal recessive pattern.?2° This condition shows a significant clinical heterogeneity
depending on the degree of factor deficiency. It is thought that Factor Xl is more important in developing
thrombosis, rather than haemostasis, although some case series report higher rates of epistaxis, menorrhagia,
and perioperative or post-partum bleeding.?®° The condition is usually much less severe than other forms of
haemophilia, usually with minimal impact on patients’ daily lives.
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Given the rarity of this condition, Haemoleven (Factor XI) is not routinely kept in HTCs and may have to be
ordered well in advance if required. It is indicated for prophylaxis in major surgery or for treatment of bleeding in
severe Factor Xl deficiency with no inhibitor.

If the inhibitor screen is positive, then it is advised to use Factor Vlla as a bypass agent instead. However,
most surgical procedures do not require prophylaxis as the coagulation defect tends to be mild. For minor
procedures or mild disease, individuals may reasonably choose expectant management or antifibrinolytic
therapy. Hemoleven is a high-purity Factor XI concentrate derived from human plasma. The dose should be no
more than 10-15 units/kg and there is a 10% thrombosis risk. A reasonable alternative is FFP for emergency
situations or when Factor Xl is unavailable.®®

FACTOR XllII

Factor XIlI deficiency is an autosomal recessive inherited bleeding disorder, characterised by spontaneous and
provoked bleeding from sites such as the umbilical cord, or surgical, joint, and intracranial haemorrhages in
patients who are homozygous. Menorrhagia, recurrent miscarriage, and impaired wound healing are also widely
reported.®'"*3 Heterozygous carriers may show a bleeding tendency upon provocation such as traumatic injury
or invasive procedures and in some cases, umbilical cord bleeding, menorrhagia, miscarriages, or postpartum
bleeding.®*

Factor XlII levels of less than 15% of normal have been established as the threshold at which bleeding risk is
significantly elevated.®®* However in some patients, effective haemostasis can be achieved with Factor XllI levels
as low as 2-5% depending on genes involved in the mutation.®®

There are several Factor XlII replacement products commercially available including recombinant Factor

X1l A-subunit (Tretten) and Factor XlII purified from human plasma (Fibrogammin and Fibrogammin-P).”
Unlike most other coagulation factors, Factor Xl has a significantly longer half-life of 9-14 days and as such,
replacement may be undertaken as infrequently as once per month.

The recommended dose is 25-40 |U/kg administered intravenously. For hospitals that do not have access to
purified Factor Xlll concentrate, FFP or cryoprecipitate can also be used to supply Factor Xlll in an emergency.
Factor XlII content in cryoprecipitate is 60U and in FFP is 288IU.38

Perioperative dosing is the same dosing for treatment of spontaneous bleeding (25-40 1U/kg). It is important
to note that if a routine prophylaxis dose has been given in the previous seven days, further doses are unlikely
to be required. Recent Factor XllI levels and inhibitor screening are suggested preoperatively. Factor Xl
replacement products are generally well tolerated. The major disadvantages are limited availability due to low
stock kept in most centres and high cost.

VON WILLEBRAND FACTOR AND BIOSTATE

Biostate is a plasma-derived factor product containing both Factor VIII and vVWF in a ratio of 1:2 (250 IU FVIII
and 500 IU VWF). It is used as prophylaxis and treatment of non-surgical and surgical bleeding and in patients
with von Willebrand Disease when desmopressin (DDAVP) treatment is ineffective or contraindicated. It is also
effective in Factor VIII deficiency due to Haemophilia A. Dosing is complicated and it is highly recommended
that clinicians seek advice from an HTC for guidance.

PROTHROMBIN COMPLEX CONCENTRATE

Prothrombinex, Beriplex, and Octaplex are all commercially available prothrombin complex concentrates (PCC).
They all contain human plasma-derived vitamin K-dependent clotting Factors Il, IX, X, variable amounts of Factor
VII, and proteins C and S. Prothrombinex contains no Factor VII, while Beriplex P/N 250 contains 100-250 1U
per vial and Beriplex P/N 500 contains 200-500 |U per vial.*® Potency of PCC preparations is standardised to
Factor IX content (e.g. 500 IU/vial).

The contents and indications of available PCCs are summarised in Figure 3.
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Figure 3. Contents, approved indications, and off label uses for PPCs*°
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The main benefits of PCCs are that they are low volume, permit rapid administration, and are readily available
and cheap. It is indicated for the rapid normalisation of vitamin K-dependent clotting factors within 30 minutes.
The dose is 25-50 IU\kg depending on extent of INR derangement. Generally, 1 [U\kg of Factor IX raises the
Factor IX by approximately 1%.

The most common use of PCC in Australia is for the reversal of warfarin, although there is increasing use in off-
label use for the management of trauma induced coagulation defects. When used in Haemophilia B, repeated
doses result in the accumulation of Factor X due to its much longer half-life compared with that of Factor

IX. Venous thromboembolism and disseminated intravascular coagulation have been reported after multiple

doses.*!

ANTITHROMBIN CONCENTRATE (THROMBATE IIl OR THROMBOTROL®-VF)

Antithrombin functions primarily by deactivating thrombin and activating Factor X and secondarily by
deactivating Factors VI, IX and XII. Levels less than 60% result in thrombosis. Thrombate Ill is a plasma-
derived concentrate made from pooled human plasma indicated for hereditary or acquired AT deficiency in the
prevention of venous thromboembolism.*? Antithrombin concentrates are also used in cardiac surgery for the
management of heparin resistance as an alternative to FFP.4®
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NON-FACTOR THERAPY - EMICIZUMAB

Emicizumab (Hemlibra) is a recombinant humanised monoclonal antibody that binds to Factors I1Xa and X
simultaneously, bringing these two molecules together and substituting for Factor Vllla as a cofactor for Factor
IXa in activating Factor X (Figure 4).** This novel monoclonal antibody is an option for prophylaxis in individuals
with Haemophilia A with or without inhibitors. However, it is not effective for the management of acute bleeding
as it takes up to four weeks to achieve therapeutic effect.

Therapy is started with a loading dose of 3 mg/kg subcutaneously once weekly for four weeks. Subsequent
maintenance dosing regimens are 1.5 mg/kg subcutaneously once per week, 3 mg/kg subcutaneously once
every two weeks, or 6 mg/kg subcutaneously once every four weeks.

An adequate coagulation response is usually achieved within 4 weeks however there is no routine monitoring
of coagulation status with emicizumab as standard aPTT-based coagulation tests and Factor VIII activity assays
are affected by emicizumab itself and are therefore inaccurate. If an individual receiving emicizumab prophylaxis
requires Factor VIl infusions, the Factor VIII activity and inhibitor titres must be measured using a bovine
substrate-based chromogenic assay instead of the standard assay.“® Haematology input is recommended in
this situation.

Figure 4. Mechanism of action of emicizumab in the activation of Factor Xa**
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ELECTIVE SURGERY

Planning for elective surgery should include the patient, family or caregivers, and all relevant clinicians to ensure
that best practices are followed. Patients will often have a good understanding of their condition and know
which clinical team to contact for advice. This multidisciplinary approach is outlined in detail in the Guidelines
for Management of Haemophilia in Australia which is a very useful resource for perioperative clinicians.*®

These guidelines emphasise the importance of collaborating with experts from an HTC to develop a
haemostasis plan to cover the entire perioperative period. Preoperative assessment should include factor
assays and inhibitor assays in addition to usual blood tests. It is important to focus on targeted factor
replacement in preference to cryoprecipitate or FFP.

Surgery should ideally be undertaken at a centre with access to laboratory monitoring of factor activity levels
and immediate availability of replacement factor concentrates. It is useful to care for these patients in hospitals
affiliated with an HTC to allow timely and regular communication with the surgical teams and the patient’s
treating haematologist.

Patients should have their haemoglobin and coagulation optimised preoperatively and meticulous surgical
technique should be used, with local haemostatic agents as appropriate. Where possible, procedures should
be scheduled for early in the week and early in the day to allow for any management of complications in the
following weekday and daylight hours.

In addition, postoperative screening for inhibitors in those that have received factor concentrate for the first time
is recommended to detect those patients that have developed inhibitors as this will significantly affect future
management.
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EMERGENCY SURGERY

Emergency surgery presents additional challenges in what is usually an already challenging situation for patients
with an inherited bleeding disorder. Under the guidance of the local HTC, urgent infusion of factor to raise

the factor activity to a level appropriate for the procedure is likely to be recommended. Emergency surgical
procedures may need to be conducted in non-HTCs. In these cases, surgery should be performed in close
consultation with the staff of HTC.%®

HOSPITALS WITH LIMITED BLOOD PRODUCT RESOURCES

Rural and remote settings may not have access to purified factor concentrates. Options here include the
traditional approach of using FFP and cryoprecipitate (or indeed whole blood if available). For patients
with Haemophilia A consider cryoprecipitate as an alternative option if available, as each bag will contain
approximately 140lU of Factor VIIL*

CONCLUSION

In the past decade, there has been tremendous progress in coagulation factor fractionation adding to the
available treatment options at our disposal. This is not only of benefit to patients with inherited clotting disorders
but also those involved in major trauma, cardiac surgery, and obstetrics. The different types of haemophilia have
been the driving force for progress in this area and as such, we have witnessed dramatic improvement in the
prognosis for this group of patients.

Coagulation is a complex process and perioperative management of patients with inherited clotting disorders
requires specialist haematologist involvement via the local HTC. Anaesthetists need to have a good
understanding of coagulation in vivo to understand why patients might be bleeding, and in vitro to accurately
interpret the cause of abnormal coagulation test results. An understanding of the perioperative role of the
major factor concentrates allows anaesthetists and perioperative physicians to undertake and oversee
multidisciplinary decisions and care to assure optimal outcomes for patients.
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INTRODUCTION

Trauma is a leading cause of morbidity and mortality worldwide, with haemorrhage being the predominant
causative factor in 40 per cent of cases and the commonest cause of preventable trauma deaths.'?
Management of haemorrhage in civilian trauma borrows heavily from the military experience. Resuscitative
endovascular balloon occlusion of the aorta (REBOA) is one such intervention that has its roots in the military
domain. It was in 1954 in the Korean War that Lieutenant Colonel Carl Hughes first described the use of aortic
balloon occlusion in three soldiers with intra-abdominal haemorrhage.> REBOA involves the placement of an
endovascular catheter via the common femoral artery into the descending aorta and inflation of the balloon

at the desired level, thus achieving aortic occlusion proximal to the injury and halting of ongoing bleeding.
Limited device availability at that time resulted in it not being readily adopted, with REBOA only experiencing a
resurgence in clinical use from 2011 onwards.* However, REBOA's role and the evidence behind its use in the
civilian population still needs further clarification.®

Apart from REBOA, another method of achieving haemorrhage control is a resuscitative thoracotomy. In the
civilian domain this is usually performed in the emergency department and is termed an emergency department
resuscitative thoracotomy (EDRT, otherwise known as clamshell thoracotomy). In an EDRT, haemorrhage
control occurs via open supradiaphragmatic clamping of the descending thoracic aorta.® The reported survival
rates for EDRT are much poorer than those of REBOA, further adding to the debate and controversy regarding
the optimal use of EDRT.”®

The purpose of this article is to review the principles, indications, evidence, and limitations around the use of
REBOA and EDRT in civilian major trauma. A brief overview of the critical issues surrounding the management
of haemorrhage in trauma will also be provided along with data from the local experience in Western Australia
(WA) and its unique geographical challenges.

CRITICAL ISSUES SURROUNDING THE MANAGEMENT OF HAEMORRHAGE IN TRAUMA
Pre-hospital stage

Preparation for the arrival of a trauma patient to hospital begins before the accident has even occurred.
Emergency services and hospitals must have pre-existing guidelines in place to allow for the expeditious
transfer of severely injured trauma patients to an appropriate trauma centre. Once a severely injured trauma
patient has been identified at the scene, on-site emergency services will liaise closely with the receiving
hospital which allows for the activation of a trauma call at the hospital. Trauma calls are institution specific
and usually encompass a multi-disciplinary group of acute care physicians (for example, trauma surgeons,
duty anaesthetists, radiologists, theatre staff, intensive care physicians) who are all involved in planning for the
patient’s arrival and subsequent care.? In the case of a severely injured trauma patient, the receiving hospital
will likely be a level one trauma centre.™ A level one trauma centre is defined by the American Trauma Society
as a tertiary hospital which offers a comprehensive approach to the trauma patient, from injury through to
rehabilitation.” These hospitals have 24-hour, in-house coverage by multiple surgical subspecialties and
provide leadership, research and continuing education to the greater community, with the aim of preventing
injuries from occurring. Level two to five trauma centres offer progressively more limited services.™
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In the event of a multi-trauma casualty event, first responders will triage casualties at the scene and liaise with
receiving hospitals. This may result in the activation of a Code Brown emergency at the receiving hospital(s)."
A Code Brown emergency is called by a health service or facility when additional capability and capacity needs
to be mobilised within that facility to accommodate an influx of patients due to an external emergency.'

Emergency department

Haemorrhage is a major cause of mortality and morbidity in trauma patients, as previously mentioned."? External
and junctional haemorrhage is usually detected at the scene of the accident or during the primary survey.®

In contrast, the precise site of internal haemorrhage may be difficult to both identify and quantify. It has been
noted that mortality increases by up to 0.35 per cent for every minute definitive surgical control is delayed in
hypotensive patients bleeding from abdominal injuries.'? This is why rapidly accessible, quick, point of care tools
such as extended focused assessment with sonography in trauma (eFAST) and portable X-rays are preferred
over slower and less accessible investigations such as computerized tomography scans in unstable patients.'?
The expertise of the trauma team is critical to determine the likeliest source of haemorrhage and the most
appropriate immediate management.

Obtaining haemorrhage source control

The commonest culprits for internal haemorrhage are the chest, abdomen, retroperitoneum, pelvis and long
bones." Source control is often challenging due to the nature of the injury.'® Externally applied devices such as
a pelvic external fixation device can be used for haemorrhage originating in the pelvis, or splinting can be used
in the case of long bone haemorrhage.®'® EDRT can be used to gain proximal control of major haemorrhage
from most sources whereas REBOA is only suitable for sub-diaphragmatic haemorrhage.'* Angio-embolisation
is another option for source control in hemodynamically stable patients.'®

Damage control resuscitation (DCR)

DCR is the modern paradigm of haemostatic resuscitation and entails a multi-pronged approach to the
resuscitation of a critically ill patient.'®'” This approach aims to prevent the lethal triad of hypothermia, acidosis,
and coagulopathy from developing and expedites definitive control of the bleeding source.'®'” The components
of this approach can be summarised as follows:

. Maintaining an adequate circulating volume through limiting crystalloid usage to less than 20mL/kg,
transfusing warmed blood products in a one packed red blood cells (PRBC): one fresh frozen plasma
(FFP): one platelet ratio (haemostatic resuscitation); early (within three hours from injury) administration of
tranexamic acid and further blood component therapy as guided by thromboelastography (TEG)/ rotational
thromboelastometry (ROTEM).'®'7 This requires large bore intravenous access such as a central sheath,
rapid infusion catheter, or multiple large bore peripheral cannula attached to a rapid infuser (for example,
Belmont device). The location of vascular access should also consider any anatomical disruptions as a
result of the trauma.

= Allowance of permissive hypotension, balancing the risks of end organ ischaemia against the risk of
uncontrolled haemorrhage.’®'® Different trauma societies advocate for a systolic blood pressure (SBP)
target of between 80-90mmHg for penetrating or blunt injury.'”'®In the presence of brain trauma the
current guidelines support a SBP of more than or equal to 100mmHg for patients 50-69 years old and a
SBP of more than or equal to 110mmHg for patients 15-49 years, or 70 years and older."®

= Damage control surgery in the form of limited urgent surgical intervention(s) to address life-threatening
injuries only.'®'7 All other surgical care is delayed until metabolic and physiological derangements have
been treated (generally at least 24 hours post injury).'"”

DCR has been associated with improved mortality, reduction in blood product usage and reduced hospital
length of stay.'® Techniques such as EDRT and REBOA can play an additional role in haemorrhage control
and resuscitation in instances wherein exsanguination is occurring faster than blood product replacement,
or when all other means of control have failed."?° DCR principles still apply when these two techniques
are implemented, and as EDRT and REBOA are only temporising measures, damage control surgery is still
required as the definitive method of controlling haemorrhage.

Goals of resuscitation

Achievement of an adequate circulating volume and/or organ perfusion may be reflected by an appropriate level
of cognition in the awake patient, an acceptable measured blood pressure (permissive hypotension) or a palpable
radial arterial pulse.'®?® Surrogates used to guide resuscitation include lactate, base excess, stroke volume
variation (in the ventilated patient), response to fluid boluses and/or cardiac output monitoring.?* Table 1 is an
example of resuscitation and transfusion targets in major trauma. Physiological endpoints and haemodynamic
targets may need to be individualised, based on the nature of the injury and pre-existing medical co-morbidities of
the patient.
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Table 1. Resuscitation and transfusion targets in major trauma

Temperature > 35°C

pH > 72

Base excess < -6mmol/L
Lactate < 4mmol/L
lonised Ca > 1.12mmol/L
Hb > 80g/L
Platelet count > 80 x 109/L
INR <15

APTT < 50 seconds
Fibrinogen > 2g/L

Ca = Calcium, Hb = Haemoglobin, INR = international normalised ratio, APTT = activated partial thromboplastin time,
°C = degrees Celsius, L = litre, g = gram.

ROLE OF AORTO-OCCLUSIVE TECHNIQUES

Aortic occlusion, whether by REBOA or EDRT, will stop haemorrhage from a source distal to the site of aortic
occlusion. A reduction, or halt in ongoing blood loss, will allow time for resuscitation and definitive surgical
control. Aortic occlusion also aids in preserving cerebral perfusion and coronary filling via an increased central
volume and aortic pressure which results in increased carotid, cerebral and coronary blood flow, perfusion
pressure and oxygenation.?® However, the physiological cost of non-perfused, distal areas will contribute to the
metabolic acidosis and general ischaemic burden over time.?®

REBOA
Principle and indications

The principle behind REBOA is simple; inflation of a balloon in the aorta proximal to an injury will stop the
blood flow and resulting bleeding.?® This enables definitive surgical repair of the injury and achievement of
haemostasis, after which the balloon can be deflated.?® Each of these steps is however practically complex
and requires careful decision making. The first question is who would benefit from a REBOA? A REBOA can
be placed in situations where there is massive haemorrhage from any amenable subdiaphragmatic cause —
examples include a ruptured splenic artery, bleeding placenta accreta, or massive haemorrhage from pelvic
trauma. It can also be placed pre-emptively in situations of anticipated potential major haemorrhage in patients
who are rapidly deteriorating or becoming unstable.?®?” In some institutions, a SBP of less than 90mmHg in
a partial or non-responder to fluid resuscitation is a trigger for femoral access.?” In the case of pre-emptive
insertion only the femoral sheath required to place the REBOA device needs to be inserted.?” The sheath
furthermore allows for arterial pressure monitoring and avoids unnecessary placement of the catheter and the
associated potential complications following balloon insufflation.?”

Optimum site for balloon positioning and inflation

Once the decision has been made to place a REBOA, the next question is where the balloon should be
positioned in the aorta. To determine the optimum site of balloon position and inflation, the aorta is divided into
three zones (Figure 1).2°

= Zone |: Descending thoracic aorta between the origin of the left subclavian and coeliac artery.?® Balloon
inflation at zone | would physiologically resemble the application of a thoracic aortic cross-clamp. This zone
is utilised for patients with intra-abdominal haemorrhage.

= Zone lI: Para-visceral aorta between the origin of the celiac artery to the most distal renal artery.?® This is
a no occlusion zone due to the presence of the celiac, superior mesenteric and renal arteries. Occlusion
of zone Il exposes the patient to the risks of a zone | occlusion (visceral ischaemia) without providing
significant benefits compared with a zone Il occlusion.?%%”

= Zone lll: Infrarenal abdominal aorta between the lowest renal artery and aortic bifurcation.? Inflation here is
used for patients with haemorrhage arising from severe pelvic fractures or other injuries at or below this level.
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Figure 1. Anatomical aortic zones related to REBOA placement?® Procedural steps to place a REBOA device

Zone | extends from the origin of the left subclavian artery to the celiac artery and is a potential zone of The steps to insert a REBOA device are as follows:
occlusion. Zone Il extends from the celiac artery to the lowest renal artery and is a no-occlusion zone. Zone Il 1. Arterial access — usually the common femoral artery is accessed via a sheath which can be inserted either

exists from the lowest renal artery to the aortic bifurcation. Reproduced from Olsen et al.?®
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The decision-making process regarding REBOA insertion is summarised in Figure 2.

Figure 2. REBOA decision making algorithm. Reproduced from Moore et al.?®
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percutaneously using a landmark technique, with ultrasound guidance, or via surgical cut down.?"?® Qver
time the sheath sizes have reduced, with modern REBOA devices requiring a 7 French (Fr) sheath as
opposed to the 12Fr sheaths first used.?®

Balloon insertion and positioning — the endovascular balloon is inserted through the sheath into the aorta.?”
The balloon is then floated into position with radiographic, fluoroscopic, ultrasound or epidemiologically
based landmark guidance.?”2® Direct comparison of the methods of balloon guidance is lacking in the
literature; whilst fluoroscopy is the gold standard, it is often not available in emergency department bays

or in the pre-hospital setting.®° In contrast, epidemiological based landmark guidance is quicker but more
prone to error.®® One study reported a REBOA placement accuracy of 71.1 per cent using epidemiological
based landmark guidance.®® Of note, in this study the accuracy of placement of a REBOA device in zone

| was greater than that of one placed in zone Il (86.7 per cent vs 12.5 per cent respectively) due to the
smaller target area in zone 1l1.%° As previously detailed, the intended zone of balloon placement will depend
upon the suspected site of bleeding.

Balloon inflation — once the balloon has been sited, it is inflated to approximate against the walls of the
aorta.?”? Balloon inflation should result in an increase in proximal SBP, with the magnitude of this differing
depending on the zone of inflation.?® Distal pulses should also be diminished. Wasicek found inflation

in zone | yields a mean increase of 60mmHg whereas inflation in zone lll results in a mean increase of
23mmHg.®" Balloon inflation should be for the shortest duration possible to minimise the ischaemic time,
ideally less than 30 minutes for Zone | and less than 60 minutes for Zone 111.%2 Studies have shown an
expected increase in mortality associated with an increased duration of balloon inflation.?®3® The use of
partial REBOA (sub-total occlusion of the aorta) or intermittent REBOA (periodic balloon deflation) may
extend this ischaemic time limit however its role is still being studied.®*

Balloon deflation — once haemostasis has been achieved or maximum REBOA inflation time reached,

the balloon is slowly deflated.?” Similar to the removal of a vascular cross-clamp elsewhere in the body, if
there is haemodynamic instability or severe biochemical abnormalities the balloon may need to be partially
or completely re-inflated for a short duration of time.?”2® Several cycles of this may be needed before
complete deflation is possible. This process requires close communication between all members of the
operating theatre team. Haemodynamic instability following deflation of zone | balloons are more significant
than those of zone Il balloons as a result of the pronounced decrease in cardiac afterload and increased
ischaemic-reperfusion injury.®> Once haemodynamic stability has been achieved, the REBOA catheter can
be removed. The sheath can remain in-situ and be used for arterial blood pressure monitoring.

Sheath removal — the procedure for sheath removal depends on the size of the sheath. Larger 12Fr
sheaths require a femoral artery cut down with direct repair of the arteriotomy.?® In contrast, 7Fr sheaths
can be removed without surgical repair but require manual compression for at least 30 minutes.?®
Confirmation of distal perfusion should be carried out immediately post sheath removal and can be done
via clinical and/or doppler and/or angiographic means.?®

Contra-indications to REBOA placement include3¢:

Severe atherosclerosis.

Blunt and penetrating aortic injury — recognised by symptoms such as dyspnoea, hoarseness and cough
(as a result of aortic expansion and dilation) on the background of hypotension, altered mental state and
chest pain.

Cardiac tamponade.
Penetrating neck (or any other supradiaphragmatic) trauma (resuscitative thoracotomy is potentially indicated).
Blunt and penetrating cardiac injury (resuscitative thoracotomy is potentially indicated).

Reported complications include: acute kidney injury, iliac artery intimal rupture, REBOA balloon rupture and the
need for subsequent lower extremity fasciotomy, thrombectomy, or amputation.?®%” Complications of REBOA
have become less common with the smaller calibre devices now used.?® A systematic review by Morrison et al
found an overall rate of morbidity of 3.7 per cent related to REBOA use, although this review was limited by the
quality and quantity of evidence available.®”
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Outcomes following REBOA placement

Studies examining outcomes following REBOA placement have been mainly lower-quality observational
studies, with several systematic reviews and meta-analyses based on these studies. The majority of the
observational studies do report a positive mortality or survival benefit from REBOA placement, however there
are some conflicting studies.®®*' Harfouche et al carried out a single centre, retrospective matched cohort
study examining in hospital mortality in patients who had a REBOA, or not, for trauma related haemorrhagic
shock. They found significantly lower in-hospital mortality in the REBOA group compared to their matched
contemporary group (19.3% vs 35.1% respectively, p = 0.024).® Yamamoto et al did a retrospective
propensity score matched study using the nationwide Japanese trauma database of 82,371 patients.®® Of these
82,371 patients 385 had a REBOA inserted and of these 117 were selected for propensity score matching.®
Yamamoto et al found a higher survival to discharge in patients treated with REBOA versus those treated
without REBOA (45.3% vs 32.5%; odds ratio = 1.72, 95% Cl = 1.01 — 2.93; p = 0.04).>°

In contrast, there are some studies that found harm following REBOA placement. Norii et al used the same
Japanese trauma database as Yamamoto et al over a slightly different time period and found an odds ratio of
survival after REBOA treatment of 0.30 (95% CI = 0.23-0.4).%° The contrast in findings between these two
studies was attributed to the stricter propensity score matching algorithm and increased number of covariates
used in the propensity score matching of Yamamoto et al.>*#° This example highlights how drastically different
statistical analyses can alter the findings of a study. Joseph et al carried out a large multi-centre retrospective
analysis of the 2015-2016 American College of Surgeons Trauma Quality Improvement Program data set

and found a higher overall mortality rate in the REBOA group compared to the matched non-REBOA group
(85.7% vs 18.9%, p = 0.01).*' However, this study was criticised for not collecting and analysing data such as
indication for REBOA placement, whether a protocol was used, whether REBOA was placed early or late in
the patient’s admission, REBOA inflation time and whether it was placed in a high volume centre or not. These
criticisms are not unique to this study, with other studies also not routinely including this information. These

all contribute to the discrepancy between studies looking at outcomes following REBOA. Unsurprisingly, due
to the low quality of evidence of these studies, of the three systematic reviews carried out appraising these
studies one found a survival benefit associated with REBOA whereas the other two were unequivocal or
slightly favourable.®#242 The completed UK-REBOA trial (publication of results pending) is the first randomised
controlled trial examining outcomes following REBOA and will help provide higher level evidence to guide the
use of REBOA in trauma.**

Higher volume centres have been shown to generally be more successful in accurate REBOA placement.*®
Theodorou et al. carried out a retrospective multi-centre study from the American Association for the Surgery of
Trauma (AAST) Aortic Occlusion for Resuscitation in Trauma and Acute Care Surgery (AORTA) Registry from
11/2013-01/2018.%° They defined high volume centres as those which inserted more or equal to 80 REBOA
devices (two hospitals), mid volume as those that inserted 10-20 (four hospitals) and low volume centres as
those that inserted less than 10 REBOA devices over this time period (14 hospitals).*® No hospitals inserted
between 21 to 79 REBOA devices. They found increased odds of successful REBOA placement (defined as
haemodynamic improvement with balloon inflation) at high volume vs low volume hospitals (OR 7.50, 95% Cl
2.10-27.29, p = 0.002) and mid volume vs low volume hospitals (OR 7.82, 95% Cl 1.52-40.31, p = 0.014).%
This may be due to multiple factors such as longer time in low and mid volume centres to achieve aortic
occlusion, better familiarity with the REBOA insertion procedure at higher volume centres, as well as potentially
superior simultaneous resuscitation at higher volume centres.*® Specifically with regards to insertion times,

low volume hospitals had a longer median time from admission to start of REBOA placement (low volume 45
minutes, mid volume 17 minutes, high volume 11.5 minutes, p <0.00001) and to aortic occlusion (low volume
45 minutes, mid volume 36 minutes, high volume 23 minutes, p = 0.00027).® Procedural time from initiation

to successful aortic balloon inflation has been reported as between six to ten minutes in other studies.?”4®
In-hospital mortality rates and complications were however not different between low, mid or high volume
centres.*

WA REBOA experience

An audit was recently carried out at Royal Perth Hospital (RPH) reviewing the outcomes following REBOA

and EDRT over the past 10 years (January 2012 to September 2022). During this time period 11 REBOA
devices were inserted and a 36 per cent mortality was reported, which compared favourably to other studies
which report a mortality of 50-70 per cent in patients who had a REBOA.2°4*8 This is despite the RPH patient
population having a median injury severity score (ISS) of 50, higher than most other literature which report a
median ISS of between 30 and 35.2°4” Additional patient demographics such as age, sex, and mechanism

of injury were similar to other studies.?**?%8 Although direct comparisons are extremely difficult to do, we
speculate that the lower mortality may be a result of the expertise of the trauma surgeons at RPH and the timing
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of placement. Earlier placement may result in less haemorrhage with less volume resuscitation required and
shorter balloon inflation times. These two factors have been associated with improved survival.#%°

Another interesting point is that in general the role of REBOA is slightly more limited in Australia than that

of other countries. Due to the wide geographical nature of most Australian states (such as WA), patients
often need to travel significant distances before reaching a trauma centre. Insertion of a REBOA device

in a peripheral hospital in WA prior to transfer to the main trauma centre is not currently practiced. Thus, a
significant percentage of critically unwell rural trauma patients may not be able to benefit from this intervention
and will have to rely on traditional resuscitation measures. Four of the eleven study patients who had a REBOA,
in the mentioned audit, were from a rural or remote area. This may have introduced a survival bias into the
mortality rates and led them to appear higher than they may have otherwise been since these patients had to
travel significant distances (increasing time to balloon placement). On the other hand, some critically unwell
rural patients may have deceased prior to reaching a metropolitan trauma centre, leaving the more robust
patients to be included in the audit, and thus influencing the mortality rate positively. Another consideration is
the relatively small number of REBOA procedures done during the audit period and the effect each additional
survivor would have on mortality data.

On admission to RPH, relative to patients who had an EDRT, patients who had a REBOA had a higher mean
systolic blood pressure (mean + standard deviation (SD), 18 + 44 vs 96 + 48 mmHg respectively), higher
heart rate (beats per minute £ SD, 22 + 46 vs 106 * 43 respectively) and higher Glasgow Coma Scale (GCS)
(GCS (interquartile range), 3 (3-3) vs 12 (11-14) respectively). This is in keeping with the trend of these
procedures where EDRT is generally reserved as a “last ditch” resuscitative effort whereas REBOA is often
placed before this point.> REBOA patients also had a significantly lower initial and peak lactate level compared
to the EDRT group (lactate level + SD, initial REBOA 7.3 £ 3.0, peak REBOA 9.8 + 4.6 vs initial EDRT 13.0 £
5.7, peak EDRT 16.8 + 10.9).

EDRT

An EDRT is generally performed during peri-arrest or arrest scenarios and relies on an emergency thoracotomy
and aortic cross clamp to achieve haemorrhage control.? Although both REBOA and EDRT result in aortic
occlusion, their indications are different. For EDRT, the general indications include®252:

=  Non-compressible torso haemorrhage with imminent arrest.

= Persistent severe hypotension SBP less than 70mmHg, unresponsive to aggressive fluid resuscitation
and/or inotropic support due to major intrathoracic haemorrhage (more than 1500ml from chest drain).

= Cardiac tamponade.
= Gas embolism with circulatory arrest.
- Massive haemothorax.

. Blunt extrathoracic trauma with witnessed cardiac arrest, less than 10 min CPR and signs of life
(conditional recommendation).

. Penetrating extrathoracic trauma with witnessed cardiac arrest and less than 15 minutes of CPR
(conditional recommendation).

Following the thoracotomy simple damage control manoeuvres (for example, direct pressure, packing, clamping)
are used to manage visible haemorrhage and a pericardiotomy can be done to gain control of any cardiac
injuries.®? The aorta is then cross clamped followed by aggressive volume resuscitation, open cardiac massage
and internal defibrillation, if required.>* Exploration of thoracic structures to exclude other injuries will follow
definitive surgical treatment.®* An EDRT can be performed by any trained acute care physician, which at RPH is
generally the trauma surgeons.®* An EDRT procedure is discouraged in settings where an appropriately trained
surgeon is not available to provide immediate definitive care, as opposed to REBOA insertion which can serve
as a temporary bridge to definitive care in the appropriate patient.525°

The mortality following EDRT is universally poor and survival is reported as less than 10 per cent in most
studies.” Reasons for this include the poor patient prognosis at the time of EDRT and the invasive nature of
the EDRT procedure resulting in severe physiological derangement, coagulopathy and hypothermia.?® The
highest survival rates are amongst patients with isolated penetrating cardiac injuries, followed by penetrating
noncardiac thoracic injuries, penetrating abdominal and lastly multiple penetrating injuries.” Patients with blunt
thoracic injury have a very low survival rate with EDRT, with one study reporting a survival rate of only 1.4 per
cent.” Contra-indications to EDRT include trauma with prolonged cardiac arrest, nontraumatic arrest, severe
head injury and multisystem injury.5253
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WA EDRT experience

The audit done at RPH reports 76 EDRTs over the past decade, with comparable age, sex and mechanisms of
injury to other literature. Of note, 40 per cent of the EDRT procedures resulted from penetrating mechanisms of
injury with the remaining 60 per cent due to blunt mechanisms of injury. The median ISS in this population was
30, similar to that of other literature. Twelve of these 76 patients were from a rural or remote area and only one
of the 76 patients survived to discharge.

Factors influencing success with REBOA or EDRT

Whilst caseload is one component of success, there are many other factors which influence institutional
success with REBOA or EDRT:

1. Multi-disciplinary leadership including representatives from emergency medicine, trauma surgery, vascular
surgery and nursing. Of note, REBOA and EDRT should only be employed as part of a larger system of
damage control resuscitation - it is not a definitive treatment. Twenty-four hour availability of interventional
radiology, theatre and ICU should be present to facilitate definitive treatment.

2. Regular reviews of the trauma pathway to ensure key performance targets are being met (for example, time
to REBOA insertion) and optimisation of care pathways.

3. Regular team based and operator skill training to ensure technical and non-technical skills are achieved
and maintained.*® Consideration should be given to requiring recognised course completion before being
credentialled to carry out these procedures.

4. A quality assurance process which regularly conducts audits of trauma care in both patients who do and
do not receive REBOA and EDRT procedures, to identify areas of improvement.

5. Audits, and any other future studies, should include information on the indication for REBOA insertion,
the proceduralist, the time taken to insert the device, the inflation time and associated complications as
a result of REBOA placement. For EDRT this includes information such as the specific indication, the
proceduralist and duration of CPR pre-EDRT.

By addressing these pillars, hospital survival associated with the REBOA and EDRT procedures may be
continually improved on. The positive outcomes RPH has had with REBOA have been attributed to several
factors. The technique was first introduced in 2014 with a specific patient subgroup in mind; this subgroup was
the peri-arrest trauma patient who needed to be stabilised to allow transfer from the emergency department

to interventional radiology or theatres. Prior to implementation, two of the senior RPH trauma surgeons had
training on how to insert REBOA devices. The presence of staff skilled at conducting the technique cannot

be overstated. Another important consideration is the timely ability to conduct the procedures. For our local
institution, the trauma surgeons who were trained in the technique and supportive of integrating it into the
hospital's trauma services all lived close to the hospital, enabling a consultant trauma surgeon to be in the ED
ready to place a REBOA within 10 minutes of being called in. Furthermore, prior to the introduction of REBOA,
collaboration was done with other departments in the hospital (for example, interventional radiology) on efficient
and accurate insertion and device troubleshooting. Pre-enrolment collaboration also included high fidelity
simulations with the emergency department trauma multi-disciplinary team. These simulations are repeated on a
continuous basis, to maintain familiarity and proficiency across the multitude of team members that are essential
in effectively providing this intervention. With increasing familiarity over time, insertion became quicker, and the
balloons are now only inflated for the minimum time necessary to allow for safe transfer. With time, our trauma
surgeons have also become more experienced in rapidly assessing the patients suitable for a REBOA (age, co-
morbidities), trauma (type, injury pattern) and appropriately selecting the supporting resources needed (trauma
surgeon, theatre and ICU availability and expertise). Having hospital wide engagement in supporting this system
is essential for appropriate insertion, management, and follow-up of REBOA devices.

CONTROVERSIES

REBOA as part of a damage control resuscitation package varies between hospitals and from case to case
with regards to REBOA device use, triggers for insertion, insertion techniques, time taken to achieve aortic
occlusion, methods of verifying REBOA position and inflation times.>#24% This expected variability contributes to
heterogeneity in the literature and may confound comparisons between different studies.>#>4® Detailed reporting
of these variables should be done in future studies, aiming at technique standardisation which should result in
improved patient survival.

Although attempts have been made to do so, it is extremely difficult to compare outcomes following EDRT
and REBOA. EDRT is generally done in patients who are close to or have already arrested, whilst REBOA
is generally utilised at an earlier stage.®" Inherently this means that REBOA patients generally have less

REBOA and EDRT in trauma related haemorrhage — is it all in vein? 163

physiological derangement than patients who require EDRT. Randomised controlled trials to compare the two
have never been done and are unlikely to ever occur. There have however been several observational studies on
the topic. Brenner et al. found a survival benefit in an unmatched observational study when comparing REBOA
to EDRT, concluding that REBOA offered a survival advantage over resuscitative thoracotomy in patients not
requiring cardiopulmonary resuscitation.® Furthermore, systematic reviews by Castellini et al and Borger van der
Burg et al also found a survival benefit to REBOA when compared to EDRT.>#* However, the findings of these
studies must be taken in the context of the low quality evidence they were based on and the inherent selection
bias present in these studies. Additionally, the difference in indications and patient selection for EDRT and
REBOA may make direct outcome comparisons inappropriate.

CONCLUSION

Management of trauma related haemorrhage has advanced significantly over the past few decades. New
concepts such as damage control resuscitation and haemostatic transfusion have drastically improved patient
outcomes. REBOA and EDRT are techniques which, when properly applied, may theoretically improve
outcomes even further in a select group of patients. REBOA in particular has some promising low-quality
evidence backing its use, however the studies forming the basis of these findings are mainly retrospective

and non-randomised.>#3#4 The UK-REBOA study will help determine future directions for this technique and
may also help to elicit further specific indications for REBOA. For the time being, REBOA and EDRT both
remain potentially useful tools in our arsenal against uncontrolled haemorrhage. In Western Australia the use of
REBOA in a designated trauma centre which is proficient and experienced in its use, most likely leads to better
patient outcomes. Regular future auditing and quality control procedures are essential to ensure the procedures
being carried out are to a comparable standard to other high performing centres.
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BACKGROUND

Massive Transfusion Protocols (MTPs) have been advocated by the National Blood Authority (NBA) to facilitate
the logistic and clinical management of critical bleeding. The Patient Blood Management guidelines for Critical
Bleeding' were published in 2011 and are currently under review. The MTP template proposed in the NBA
Critical Bleeding document outlines the activation process by the senior clinician at the bedside and the
responsibilities of the transfusion laboratory. The document also outlines some steps required to facilitate the
co-ordination of this process between the clinical team and the transfusion laboratory. In addition, the Critical
Bleeding document promotes the development of local MTPs. While “promoted,’ the development of a locally
viable, safe and effective protocol is an important, complex, and collaborative process. Because of the time-
critical nature of managing massive transfusion situations, hospitals should delineate the specific processes for
MTP activation and management in accordance with the resources available to their institution. In this article,
we work to delineate our local experience in undertaking this process, highlighting what our outcomes were,
the integral aspects of a well-designed cognitive aid, as well as how and why we came to these determinations.
The hope is this will provide support and insight for other institutions considering the same undertaking.

MTPs are designed to rapidly deliver a ratio of blood products mimicking reconstituted whole blood to the
critically bleeding patient. The early administration of predefined and balanced ratios of RBC, FFP, and
platelets has been shown to be associated with improved patient outcomes in adult trauma patients — the
PROPPR trial demonstrated a reduction in mortality from exsanguination in trauma patients receiving 1:1:1
balanced transfusion.? Current clinical guidelines similarly promote the use of “1:1:1 ratios” of blood product
administration.®*

Clinical settings requiring MTP are time-critical situations, with significant contextual variability between
individual hospital sites and Local Health Districts (LHDs). This means that the logistics for clinical management
of critical bleeding should be customised into site-specific MTPs and cognitive aids.
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Figure 1. The current MTP template from the NBA'

Massive transfusion protocol (MTP) template

The information below, developed by consensus, broadly covers areas that skould be included in a local MTP. This
template can be used to develop an MTP to meet the needs of the local institution's patient population and resources
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CLINICAL GUIDELINE DEVELOPMENT PROCESS
Committee engagement

Stakeholder selection, inclusion, and engagement are crucial to ensure locally effective solutions are developed.
Many of the specialities and positions represented within our process will be relevant to your local institution
but may vary as well.

The Patient Blood Management Clinical Nurse Consultant (CNC) was tasked by the Northern Sydney Local
Health District (NSLHD) Blood Committee with updating the Adult MTP, and creating a NSLHD specific
Paediatric MTP. The NSLHD encompasses both Tertiary and District hospitals, but not a dedicated paediatric
tertiary referral hospital.

The working group for the revision of the MTP also sought to incorporate the development of a cognitive aid
into the process — for both adult and paediatric patients. The vision was to create cognitive aids that were
individualised to assist the clinical team at each hospital within the LHD.

It was envisaged the updated MTPs would embed decision support tools to extend the NBA MTP template,
seeking to ensure that the appropriate clinical team and logistic resources were mobilised to treat the critical
bleeding. The incorporation of the paired priorities of clinical and logistic concerns was an early decision — to
ensure that medical management tasks would be completed appropriately, but in conjunction with, logistic
considerations around resource mobilisation and coordination to optimise efficiency and minimise human error.

Separate MTP working groups were created to develop the Adult and Paediatric MTPS. This was led by
clinicians from patient blood management, anaesthesia, intensive care and emergency medicine — with
additional input from the trauma service, haematology, obstetrics, paediatrics, transfusion scientists, and the
medical executive unit. The project co-ordinator was the Blood Management CNC, who researched adult and
paediatric MTPs throughout Australia and internationally, disseminating the documents through the Blood
Committee, and collating feedback. The cognitive aid was developed by anaesthetists with feedback from the
working group. There was an early understanding that a single cognitive aid would not be functional across
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all hospitals in our LHD. Instead, each individual hospital would be given the opportunity to review and adapt
the primary cognitive aid to include local contact numbers and processes. This customisation of the MTP for
individual institutions was considered essential to ensure effective clinical management at each site.

Development process

Due to the significant scope of both the proposed revision to the existing MTP and the creation of an
accompanying cognitive aid, an iterative process was adopted by the working group. This helped to maintain
momentum throughout the development process, and to minimise delays arising from a reluctance to commit to
a final version. Instead, there was an understanding that there would be ongoing rounds of revision from user
feedback and working group discussions, and subsequent releases of progressive versions.

We found that this approach was effective in mitigating the difficulty that often arises in achieving consensus
agreement when creating clinical guidelines that involve multiple stakeholder opinions and viewpoints. It was
pleasing to observe that each round of revisions in this iterative process produced cumulative improvements to
the MTP and cognitive aids.

The organic process in developing, revising, and refining both the protocol and cognitive aids accommodated
the diverse workloads and challenges that naturally arise in attempting to coordinate a large group of
professionals across a range of specialties. This approach produced an efficient and consistent engagement,
while minimising the need and difficulty involved with coordinating large-group meetings.

Activation criteria

One of the first adaptations to the NBA MTP template was the working group’s decision to alter the wording of
the activation criteria. We opted to list Major Traumatic Bleeding first, because our tertiary hospital has a trauma
“Code Crimson” pathway. This change and comparison can be seen between Figure 1 (the NBA template) and
Figure 2 (our first iteration in the development process). Trauma Code Crimson identifies exsanguinating trauma
patients in the pre-hospital environment and outlines pre-hospital and in-hospital processes to streamline
access to definitive intervention, including an operating theatre or interventional radiology suite.> Code Crimson
activation occurs via the hospital switchboard for major trauma and mobilises surgical, anaesthesia, and
emergency medicine teams. The wording was also simplified to “Major Traumatic Bleeding” from the NBA's
“severe thoracic, abdominal, pelvic or multiple long bone trauma”.!

Another decision was made to change the NBA activation criteria of “actual or anticipated 4 units of Red Blood
Cells (RBC) in less than 4 hours”.! It was determined by the working group that this bleeding rate might not
require MTP activation — as this blood loss would usually be insufficient to cause coagulopathy requiring plasma
transfusion. Instead, the activation criteria were revised to “actual or anticipated blood loss of greater than 2000
mL”". This volume represents approximately 40% of the adult blood volume. While acknowledging the difficulty

in estimating actual blood loss, it was considered important to prevent unnecessary MTP activation for lower
volume blood loss not requiring plasma transfusion. The shift in wording also changed the assessment criteria
from predicted blood replacement, to predicted blood loss — this change was felt to be a more approachable
criteria by a broad number of staff. It is important to note that current guidelines discourage the use of plasma
transfusion for indiscriminate volume replacement.®

LOGISTIC CO-ORDINATION

Massive transfusion situations require co-ordination of both clinical and logistic resources. Upon presentation
of a critically bleeding patient, these resources must be rapidly mobilised to facilitate effective management to
meet the patient’s clinical needs.

Our LHD adopted the new clinical process of MTP activation through a call to switchboard utilising the state-
wide 2222 number — as part of a global initiative to use “2222" as the standardised emergency number to
activate all medical emergencies.® The hospital switchboard obtains details of the patient’s location and the
contact details of the designated blood co-ordinator (the medical or nursing liaison with Blood Bank). The

next step is activation of the MTP paging system by the hospital switchboard — this notifies Blood Bank staff,
nursing manager, and a support services officer (“blood runner”) who is dispatched to the clinical area. Our
institution has experienced problems with MTP activations without a dedicated blood runner to ensure efficient
delivery of blood products to the clinical area, and pathology tests to the laboratory. A major advantage of
implementing MTP activation via the hospital switchboard (instead of the previous method of directly calling the
hospital Blood Bank) is the guaranteed allocation of this blood runner, and a consistent, centralised process for
ensuring relevant team members are notified and activated en masse.
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The next step is to mobilise the clinical team, which is led by the medical team leader, a critical care physician
who assumes responsibility for clinical decision making in the MTP. It is preferable that this team leader is
“hands off” — meaning that they are not physically involved in the resuscitation process, but instead physically
positioned further back to maintain situational awareness and team oversight.

Additional medical officers (MO) are essential, including a Vascular Access MO to obtain reliable venous and/or
arterial access to facilitate the resuscitation. If staffing permits, then an additional MO, or senior nurse delegate,
may act as the blood co-ordinator to liaise with Blood Bank to ensure ongoing blood product supply. The
appropriate surgical and/or paediatric medical officers must also be alerted, depending on the specific clinical
situation. It is also important that sufficient nursing staff are allocated to the ongoing MTP — with at least one
nurse allocated to each medical officer.

It is critical that the team leader determines the optimal location for the resuscitation and ensuing MTP. In
smaller hospitals, or for paediatric patients, this may require urgent medical retrieval. This may also require
transport of the patient to the operating theatre or angiography suite. In addition, all equipment necessary for
the resuscitation — including warming devices, rapid infusers, and cell salvage — should be rapidly mobilised to
the clinical area.

This discussion around logistics certainly highlights the significant practical differences that exist between
individual hospital sites — specifically: personnel, contact numbers, locations, and available equipment. These
variations reinforce the need for MTP cognitive aids to be customised for each facility.

CLINICAL MANAGEMENT

While all bleeding situations are different, our working group recognised that there are two essential decision
points which must be clarified early in the MTP process. These are the blood volume deficit and the presence
of coagulopathy. Following the identification and correction of these initial deficits, the clinical team then moves
towards administering the MTP packs, as needed, to deliver reconstituted whole blood. These key decision
points are expanded below.

Blood volume deficit

After preparation of the necessary personnel and equipment for resuscitation, the first clinical decision is to determine
the estimated blood volume deficit. One of the weaknesses of the MTP process, is that the initial MTP pack may be
insufficient to achieve euvolemia in haemorrhagic shock. The NBA has advocated for an MTP pack to contain 4 units
of RBC and 2 units of Fresh Frozen Plasma (FFP).' This MTP pack only provides a total volume of approximately 1.5
litres. Additionally, at hospitals without Extended Life Plasma (ELP), the clinical team will initially only receive a delivery
of 4 units of RBC — with a subsequent delay of up to 30 minutes to allow for thawing of the FFP. This initial volume of
one litre of RBC would be inadequate to restore euvolemia in most MTP scenarios. Even accounting for the delayed
arrival of the FFP, the standard MTP pack would likely fail to restore blood volume in advanced haemorrhagic shock.

It is also important to note that Blood Bank staff routinely prepare only one MTP pack at a time. Only after dispensing
the initial MTP pack are they then required to start preparing the next MTP pack. This means that approximately 30
minutes (to allow for the thawing of FFP) would reasonably elapse before the next MTP pack can be dispensed. This
situation emphasises that the standard release of MTP packs will be insufficient to keep pace with critical bleeding
occurring at a rate greater than 2 litres in 30 minutes.

To address this logistical challenge, which is not uncommon in our clinical environment, we revised our MTP and
proposed that — in critical bleeding situations involving patients with large blood volume deficits, or in situations with
rapid rates of blood loss — that both MTP packs are prepared in tandem and dispensed. This adjustment results in
the provision of a blood product volume nearing 4 litres — which should be sufficient to restore euvolemia.

Each hospital will have differing preparation and delivery times for MTP packs. It is essential to understand
these constraints to ensure the appropriate timing and volume of blood product delivery. This may necessitate
overriding the routine MTP pathway in circumstances where the actual blood loss exceeds the rate that

blood products would be supplied. Identifying the potential for this need and agreeing on a process for
communicating when overriding the routine pathway is needed is also a locally specific process.

Coagulopathy

The presence of coagulopathy impacts the ratio of blood products that are necessary to support haemostasis.
Clinical guidelines support the use of balanced transfusion ratios of RBC:FFP:Platelets at 1:1:1 for patients
during haemorrhage.® However, for patients with coagulopathy, this product ratio may fail to restore a favourable
coagulation profile.* Reconstituted whole blood utilising a 1:1:1 ratio will only have a coagulation factor activity
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of 65% of whole blood and a platelet count approximating 88 x 109/L.” Patients with coagulopathy will likely
require a higher proportion of clotting factors (particularly fibrinogen) and platelets — compared to RBC — in
order to restore adequate coagulation.

Coagulopathy during massive transfusion can occur due to pharmacological or pathological reasons.
Pharmacological coagulopathy occurring as a result of antithrombotic medications should be corrected during
the initial phase of resuscitation. This may be with a specific antidote (for example, protamine for heparin,
idarucizumab for dabigatran, or vitamin K and prothrombin complex concentrate for warfarin) or with non-
specific reversal agents (for example, prothrombin complex concentrates (PCC) for Factor Xa inhibitors,

or platelets for aspirin). Pathological coagulopathy may occur as a consequence of the disease process

(for example, Trauma Induced Coagulopathy or Placental Abruption), or from consumptive and/or dilutional
coagulopathy resulting from the administration of crystalloid, colloid, or RBC infusions. Assessment for
pathological coagulopathy needs to be repeated during continued administration of blood products.

Assessment for coagulopathy should be undertaken early in the resuscitation — and be repeated every 30 to 60
minutes. Ideally, this assessment should utilise point-of-care coagulation tests (POCT) (for example, Rotational
Thromboelastometry or Thromboelastography), as these provide clinical teams with more rapid results that may
better represent in-vivo whole blood coagulation capacity. There was an existing ROTEM-guided pathway at
our institution for the assessment and treatment of coagulopathy during critical bleeding (Figure 2). As access
to, and clinical familiarity with, the use of ROTEM was already established at our institution, incorporation of this
testing was felt to be appropriate for our local protocols.

Figure 2. RNSH ROTEM pathway
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This ROTEM pathway, based upon work disseminated by Fiona Stanley Hospital,® was updated and integrated
into our new MTP documents. The ROTEM-guided approach is useful in identifying the cause of coagulopathy
and guiding the use of clotting factor concentrates to correct for the specific coagulation deficiency. Clinical
guidelines advocate the use of cryoprecipitate or fibrinogen concentrate to correct hypofibrinogenemia.

They also support the use of PCC over FFP in situations where POCT testing demonstrates clotting factor
deficiency.® Both of these considerations were subsequently incorporated into our final protocols.

ROTEM Sigma machines are available in both the intensive care unit and operating theatres at our institution.
The benefits of utilising ROTEM for coagulation management (compared to standard coagulation testing)

are the shorter time for test results and the ability to diagnose specific clotting factor deficiencies. The
associated aspects of the cognitive aid included the most frequently utilised elements of these ROTEM
pathways to correct coagulopathy — specifically, the dosing details for fibrinogen, platelets, and clotting factor
replacement. However, other aspects of the ROTEM pathway pertaining to the assessment for fibrinolysis and
residual heparin effect were excluded — instead, our cognitive aid prescribes tranexamic acid and reversal of
pharmacological coagulopathy during the Initiation Phase of the MTP.

MTP pack design
General

Unlike the NBA MTP template, which only suggests RBC and FFP, we elected to embed platelets and
fibrinogen supplementation into the MTP packs. The combined use of MTP packs 1 and 2 were designed to
deliver Reconstituted Whole Blood (RWB) (Table 1). Repeated cycling between these two packs, would deliver
an ongoing ratio of blood products approaching the 1:1:1 target for RBC:FFP:Platelets. Our local experience
aligns with the findings during the PROPPR trial, where the average volume of RBC and FFP transfused was
nine and six units respectively.?

Thus, most MTP activations utilise an average of two to three MTP packs. By alternating the presence of
cryoprecipitate and platelets between MTP Pack 1 and 2 — with an appropriate ratio of RBC and FFP — we
hoped to ensure that RWB would be delivered throughout the MTP activation.

Table 1. Blood products delivered after administration of both Pack 1 and Pack 2 in an adult patient®

Blood product Number of | Volume Total volume = Comments

units per unit
RBC 6 259 mL 1654 mL
FFP 6 278 mL 1668 mL Contains 3-3.5 g fibrinogen
Cryoprecipitate 10 36 mL 360 mL Contains 3-4 g fibrinogen
Platelets 4 273 mL 273 mL One pack of pooled platelets
Total volume 3855 mL Total fibrinogen ~ 6.5 g

(1.7 g/L)

Our MTP packs sought to promote a RBC:FFP ratio of 1:1.2* Consideration was given to the overall volume of
blood products in each MTP pack. It was agreed that a total volume of 1.5 to 2 litres would be sufficient in each
pack. Three units of RBC and FFP were thus included in each MTP pack.

Fibrinogen

Fibrinogen is the coagulation factor that falls to dangerous levels early in critical bleeding.™ Current clinical
guidelines promote a fibrinogen target of:

. 1.5-2 g/L during perioperative bleeding®
. > 1.5 g/L for trauma*

. > 1.5 g/L during cardiac surgery'’

. > 2 g/L for obstetric bleeding'
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Given these current recommendations, our working group decided to specify a fibrinogen target of 2 g/L
across all patient populations. A single fibrinogen target has the benefit of being easily remembered. In addition,
aiming for the higher end of the target range would permit a margin of safety, and reduce the likelihood of
patients developing fibrinogen levels below 1.5 g/L. A single fibrinogen target also simplified the development
of fibrinogen dosing algorithms utilising ROTEM and plasma Clauss fibrinogen concentrations. Our working
group elected to incorporate cryoprecipitate into our first MTP pack as a systems-level step to ensure the
maintenance of plasma fibrinogen during initial resuscitation in a massive transfusion setting. Plasma transfusion
alone with FFP is insufficient to correct for hypofibrinogenemia.® Our MTP packs without cryoprecipitate

would only result in a fibrinogen concentration of approximately 1.0 g/L (from Table 1). With the addition of
cryoprecipitate, the final fibrinogen concentration is approximately 1.7 g/L.

Platelets

Platelet targets during critical bleeding are 50 x 10%/L and 100 x 10°%/L in intracranial bleeding."* Given that
most critical bleeding situations are resolved with the administration of 2 or 3 MTP packs,? it is unlikely that
platelet levels will fall below those aforementioned thresholds, unless blood loss significantly exceeds one blood
volume. The transfusion laboratory in our LHD provides pooled platelets (platelets from 4 individual donors).
Our working group agreed that given the lower likelihood of platelet levels falling to critical levels during the
early phases of resuscitation, an overall product ratio of 6 units RBC, 6 units FFP, and 1 Pooled Platelets would
achieve an adequate approximation of 1:1:1 reconstituted whole blood. However, additional platelets may be
required for patients taking antiplatelet medication, or when directed by ROTEM or formal full blood count.

ROTEM targets

Our working group established a FIBTEM Ab target of 12 mm for all patient groups during critical bleeding.
We were not able to find evidence to routinely support a fibrinogen target greater than 2 g/L, nor a FIBTEM A5
target greater than 12 mm.® Fibrinogen dosing was thus designed to restore to a FIBTEM A5 of 12 mm, given
that 10 units cryoprecipitate, or 3 g fibrinogen concentrate, are required to raise FIBTEM A5 by 4-5 mm.'®

Platelet transfusion was recommended when poor platelet contribution was suggested by ROTEM (EXTEM
A5 < 35 mm) or when thrombocytopenia was detected with formal laboratory testing. FFP or PCC was
recommended when ROTEM clotting time was prolonged (EXTEM Clotting Time > 90 seconds), or formal
coagulation tests (APTT or INR) were greater than 1.5 times normal.* Our ROTEM pathway recommends PCC
over FFP in patients with severely prolonged EXTEM clotting times.

For the sites within our LHD without access to ROTEM, we embedded fibrinogen, platelet, and FFP
replacement guidelines into their cognitive aids based upon standard coagulation tests. The adaptation and
application of these recommendations at your local institution needs to consider a multitude of logistical factors,
including the presence and ease of access to some of these POC testing modalities.

COGNITIVE AID DEVELOPMENT
Overview

The cognitive aid was designed to facilitate not only appropriate blood product delivery, but also clinical
decision-making in patients with critical bleeding. Effective management of patients requiring massive blood
transfusion involves both clinical and logistic considerations. The production of the cognitive aids was facilitated
by ASCAR (Anaesthesia Cognitive Aids and Research Group), the organisation based at our institution with a
keen interest in human factors and visual design.

The cognitive aid was developed to flow over two pages — initially to accommodate the necessary content,

but this two-page design later provided the ability to demarcate the MTP into a two-stage process. The first
stage (initiation phase) of the MTP is outlined on the first page. It includes the activation criteria and the logistic
coordination tasks required to activate the MTP effectively. This co-ordination includes identifying the optimal
location for resuscitation and mobilising the relevant team members and equipment required. It mandates

early notification of Blood Bank and requesting the first pack of blood products and medications necessary to
reverse pharmacological coagulopathy. Steps completed during this initiation phase are not required during the
later phases of resuscitation.

Once the initial phase of the MTP has been completed, clinical care moves into the subsequent cycling (or
maintenance) phase until bleeding has been controlled. This is outlined on the second page, allowing clinicians
to use a single page to guide this stage of the MTP — where the clinical priorities are to administer blood
products and to treat hypothermia and ongoing coagulopathy.
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Individualised MTP cognitive aids were created for each hospital within the LHD. The overall content and
visual design were retained, but site-specific customisations were made. This allowed locally relevant contact
numbers and processes to be embedded within each cognitive aid. Cognitive aids need to strike a balance
of being locally relevant, but also retaining consistent visual formatting to reduce the cognitive load for staff
working at multiple locations.

Initial version

Figure 3. Development stage of MTP cognitive aid
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There was an early consensus decision for a linear/flowchart visual layout for the cognitive aids, to harness the
intuitive and familiar feel of this format. One of the first drafts for our cognitive aid highlights these components
and is shown in Figure 3. The primary steps of the MTP are listed in separate panels on the left-hand side of the
page to allow rapid scanning. Explanatory notes are included in a secondary panel on the right-hand side of the
page, using succinct and clear language. The initial designs were deliberately simple, with minimal visual design
input — instead, the focus was on refining the actual text — a “content-first” approach. This initial draft provided
a platform for members of the working group to rapidly provide input and guidance that allowed for the final
product to be achieved.
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First release

Figure 4. First release version (v1.0) of MTP cognitive aid
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After several rounds of development and stakeholder feedback, the content was simplified to increase clarity

and reduce duplication. With the content mostly finalised, the visual layout was then refined to improve usability

— the size and shape of the panels were adjusted, a simple colour palette was introduced, version numbers
were added to the footer, and a header was introduced (Figure 4). Short, numbered lists and dot points were

implemented to improve the readability of the aids in a crisis situation. Overall, there were significant changes in

both content and visual design between the initial drafts and the first production release (v1.0).
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4.4 Current release

Figure 5. More recent version (v1.3) MTP cognitive aid
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All clinical resources and publications need ongoing review from user feedback over the course of time and
clinical use. This iterative process was continued after the release of v1.0 — with ongoing meetings and
feedback discussion about the MTP and accompanying cognitive aids. Further refinements were made to the
content and visual design, highlighting the value of the feedback process and engagement with both clinicians
and our working group. Some examples include introduction of a new “Activation” panel to reflect this logistic
change in our LHD, and the use of colour as a grouping tool for the panels (orange: clinical, grey: logistic, red:
blood product administration) (Figure 5).

Production of a cognitive aid, especially for critical events, needs to embed pathways for receiving feedback
and correcting errors or issues. Once refined to a functional state, regular reviews should be scheduled to
assess its continued relevance, utility, and adherence to current standards. Accordingly, our MTP cognitive aids
will continue to be adjusted and refined as this process continues.

PAEDIATRIC MTP

Paediatric MTPs are significantly different from Adult MTPs, both in logistic coordination and in clinical
management pathways. Clearly, a cognitive aid designed for an Adult MTP would be inadequate to support
clinicians involved in paediatric crisis situations. The development of a Paediatric MTP was novel in our
institution, and its activation would likely be a rare occurrence. Hence, every effort was made to simplify
the pathway and reduce the cognitive load for clinicians. The key differences in the Paediatric MTP for our
institution are outlined below.
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Logistics

Involvement of the Newborn and Paediatric Emergency Transport Service (NETS) was embedded early in the
MTP management flow as our hospital is not a paediatric trauma nor a tertiary paediatric referral centre. NETS
notification automatically activates both the patient retrieval process and access to a paediatric haematologist
for telephone advice. Mobilisation of paediatric medical staff was also added to the MTP, to maximise
appropriate clinical support for the resuscitation process.

Clinical management

The activation criteria for Paediatric MTP were modified to include weight-based criteria. This aligned the
protocol with the Sydney Children’s Hospital Network MTP,'* which is the paediatric referral hospital for our
institution. Similarly, all drug dosing was modified to use a weight-based approach, as is common practice for
paediatric patients. The clinical signs for detection of significant blood loss in the paediatric population was also
emphasised — focusing on the significance of profound tachycardia and late development of hypotension. A
table with the clinical signs of paediatric haemorrhagic shock was added to the cognitive aid.

Product ratios

Our paediatric weight-based transfusion ratios were designed to also reconstitute whole blood, mirroring one
of the goals in the Adult MTP. The Paediatric MTP differs from the Adult MTP as weight-based transfusion
volumes are administered — and are likely to require partial transfusion of any blood product units supplied.
Consequently, we de-emphasised the concept of alternating “packs” — Pack 1 and Pack 2, and instead
implemented the concept of alternating “boluses” — Bolus A and Bolus B. A subsequent bolus should utilise
remaining volume in the blood product bag prior to using blood from another donor. The working group again
elected to place cryoprecipitate in MTP Bolus A, along with RBC and FFP boluses.

The weight-based transfusion rules in our Paediatric MTP are RBC 10 mL/kg, FFP 10 mL/kg, and Platelets

or Cryoprecipitate at 5 mL/kg. Thus, representing an overall bolus of 25 mL/kg. The NBA promotes boluses

of RBC 25 mL/kg, FFP 15 mL/kg, and Platelets 10-15 mL/kg.' However, our working group elected to give
smaller boluses of RBC, that are balanced with FFP, cryoprecipitate, and platelets. A RBC 25 mL/kg bolus
represents one third of total blood volume, and the working group believed that it would be preferable to
incorporate FFP to avoid the development of coagulopathy associated with such a large RBC transfusion. After
the administration of both Bolus A and Bolus B, the transfused volume closely reflects reconstituted whole
blood, with a RBC:FFP:Platelets ratio approximating 1:1:1. The additional cryoprecipitate results in an overall
fibrinogen concentration of approximately 1.7 g/L.A practical example of how this regimen would be applied in a
25 kg patient (the average weight of a 7-year-old) is demonstrated in Table 2.

An additional benefit in our final recommendations for the doses of blood products to be administered is the
ease in remembering them: “10-10-5" — with Bolus A being RBC 10 mL/kg, FFP 10 mL/kg and cryoprecipitate
5 mL/kg, and Bolus B being RBC 10 mL/kg, FFP 10 mL/kg and platelets 5 mL/kg.

Table 2. Blood products delivered after administration of both Bolus A and Bolus B
in a 25 kg paediatric patient

Blood product Dosage Volume Total units Comments

delivered required
RBC 20 mL/kg 500 mL ~ 2 units
FFP 20 mL/kg 500 mL ~ 2 units Contains ~1 g fibrinogen
Platelets 5 mL/kg 125 mL ~ 2 units
Cryoprecipitate 5 mL/kg 125 mL ~ 4 units Contains ~1.2 g fibrinogen
Total 1250 mL Total fibrinogen ~ 2.2 g

(1.7g/L)
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The working group elected not to incorporate ROTEM and formal guidance to correct coagulopathy into the
Paediatric MTP. The frequency of paediatric MTP activation in our LHD is uncommon, and it was felt that
such advice would best be delivered by the consulting NETS paediatric haematologist. However, hospitals
with greater experience with paediatric resuscitation may elect to incorporate specific advice for correction of
coagulopathy in their MTP pathway.

Cognitive aid

Figure 6. Current version (v1.3) of the Paediatric MTP cognitive aid
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The Paediatric MTP cognitive aid (Figure 6) was designed to complement and resemble the visual flow of our
Adult MTP cognitive aid. As with the adult document, it was designed to flow over two pages — with the first
page outlining the initiation phase of MTP, and the second page outlining the cycling (or maintenance) phase of
resuscitation. A deliberate effort was made to maintain visual consistency between the two aids — to maximise
familiarity and minimise cognitive load for the end user.

The key differences for the paediatric cognitive aid are:

. Colour palette: a different colour was used for the header to help distinguish between the two aids, but the
remaining panels retain the same colour scheme.

. Removal of panels that were more relevant for Adult MTP

- Pharmacological coagulopathy
- Specific bleeding situations
- Pathological coagulopathy.

= Addition of panels to assist clinical management of Paediatric MTP
- Stages of haemorrhagic shock (adapted from ATLS 10th edition)'®
- Paediatric MTP pack contents
- Paediatric blood volume formulas
- Supplementary notes on blood product administration.
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FUTURE DIRECTIONS

There are ongoing regular committee meetings regarding the ongoing refinement and optimisations to both the
MTP process and MTP cognitive aids at our LHD. There are post-implementation quality assurance plans to
review the effectiveness, strengths, and weaknesses of these systems — and their impact on the delivery of safe
and quality healthcare in patients requiring massive blood transfusion. These steps of auditing both the MTP
process and the utility of the associated cognitive aid are imperative steps at any institution to ensure issues are
addressed and content is kept up to date.

CONCLUSION

The process of updating the existing Adult and Paediatric MTPs at our institution has been a valuable and
rewarding experience. Early and active engagement of key stakeholders is an essential step to ensuring a
relevant and functional collection of resources and recommendations. The additional development of an
accompanying cognitive aid to assist the management has been a very worthwhile asset to help translate the
MTP into clinical practice. Effective management requires consideration of both clinical and logistic domains,
and cognitive aids are an excellent tool to assist clinicians involved in managing an MTP. We hope that this
article has been useful in describing the processes and practicalities to consider when implementing similar
endeavours at your institution.
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INTRODUCTION

The use of vasoconstrictors in the management of intraoperative hypotension (IOH) is ubiquitous and
associated with a not insignificant cost.

The purpose of this article is to explore the rationale for administering vasoconstrictors to treat IOH and
whether their administration may be associated with complications. Comparisons of outcomes with and
without administration of vasoconstrictors may prove challenging in the current setting, where blood pressure
(BP) control is regarded as paramount and withholding vasoconstrictors may not receive approval from ethics
committees.

There are many definitions of IOH but no agreed standard definition.'® Nonetheless, vasoconstrictors are
commonly used to restore BP to within variable pre-determined limits. The reason used as justification is to
maintain “perfusion pressure” based on the premise that BP drives flow. The dogma behind such reasoning may
trigger an inappropriate use of vasoconstrictors, which may adversely affect tissue blood flow as well as cause
harm. As a simple example, cases of vasopressor-induced digital ischaemia in the context of haemorrhage and
attempts to restore blood pressure are evident in the literature.

The author questions the logic and potential reflexive action of “treating a number” without considering the true
outcomes desired and inadequately engaging with an understanding of the factors contributing to the blood
pressure reading.

A systematic review of the literature was undertaken with respect to the complications attributed to IOH having
specific regard to stroke, myocardial ischaemia, and postoperative cognitive dysfunction (POCD). Possible
mechanisms for these are considered and whether the associated complications of IOH are caused by
hypotension.

DISSECTING BLOOD PRESSURE VERSUS PERFUSION

Regulation of regional blood flow

The combined effects of neurohumoral and local metabolites are responsible for altering vessel calibre, and
hence resistance with consequent effects on distribution of blood flow at the tissue level.

The effect of vascular resistance is highlighted when comparing the systemic circulation with the pulmonary
circulation,* which is a low resistance circulation. In the normal heart, cardiac output from both left and right
ventricles is the same, but because of the lower resistance in the pulmonary vasculature, this output is achieved
at only one-fifth of the pressure of the systemic side. It is difficult to reconcile this observation if pressure is a
driver of flow.®

There are multiple postulated mechanisms for regulation of blood flow across the microcirculation
demonstrating increasing sensitivity from small arteries to terminal arterioles.® The metabolic theory proposes
that as flow exceeds local tissue needs the washout of metabolites stimulates contraction of the vascular
smooth muscle leading to constriction of the vessels.” The corollary being that where flow is inadequate to meet
local demands there is a local build-up of metabolites that provokes relaxation of the vascular smooth muscle
leading to vasodilatation.

Hypertension

Hypertension is a clinically well-established and well-studied disease associated with recognised complications
including, but not limited to, cerebral and cardiac events.®°
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Normotension and blood pressure control

In the context of circulatory homeostasis, BP has been credited with a central role. Maintenance of
normotension is considered to be the goal. Part of the reason for this is historical, in that the ability to measure
blood pressure preceded the ability to measure flow by two hundred years.?"?

Notwithstanding the acceptance that tissue perfusion is the critical function of the circulation, the inability to
directly measure flow led to BP becoming the surrogate for flow. The focus in medicine on targeting the metrics
of a situation while losing sight of the intended outcome is a rampant problem that is often propagated by the
overwhelming number of responsibilities each of us are constantly tasked with.

Hales is reputed to be the first to have measured BP by cannulating an artery in 1733."" Non-invasive
techniques were used in the early 1800s, and in 1901 Harvey Cushing is reputed to have instituted BP
monitoring as a regular feature during anaesthesia. It was not until the mid-1900s that the Fick Principle was
first used to deduce flow, and it was significantly later that doppler technology matured sufficiently to be an
accurate tool for measuring blood flow. It is not surprising then that blood pressure became so ingrained as an
indicator of perfusion, and that circulatory function is centred on BP.

|”

While the population mean systolic BP is around 120 mmHg, the range of “normal” is variable, with the
“normal” resting systolic BP for some people being as low as 80 mmHg systolic.” This raises the question as to
why there is such variability and how the body sets its baseline.

The existence of stretch receptors, which in the circulation have been termed baroreceptors, fuels the
perception that the body controls BP. However, this warrants further consideration. For example, what is
actually being sensed? Is there some kind of manometer in the circulation and if so, what is the baseline? In his
article, Raven' poses several questions and suggests that changes in mean arterial pressure are accompanied
by a resetting of the baroreceptor reflex function curve with preservation of sensitivity to acute changes in BP.
While this explanation reflects neural adaptation to stimuli and re-setting of thresholds, it does not exclude the
primary stimulus being volume rather than pressure.

Baroreceptors, located in the aortic arch and the carotid sinus, derive their name on the presumption that they
sense pressure. However, they are stretch receptors and as such are sensitive to volume change, which is
determined by stroke volume. In her article, Lau'* correctly identifies uniaxial stretching of baroreceptor neurons
mimicking the forces exerted on blood vessels that elicit an increase in intracellular Ca** in baroreceptor
neurons, but then goes on to consider pressure as if the two are interchangeable. Despite identifying that
stretch reflects the forces acting on the receptors the subsequent discussion reverts to current views, centring
on pressure.

The baroreceptor reflex invokes inotropic responses designed to alter contractility as well as invoking
chronotropic responses affecting heart rate, the combination of which determines cardiac output. It could
be argued then, that the body’s primary circulatory aim is to control cardiac output and any BP changes are
coincidental to alterations in cardiac output and vascular resistance.

Autoregulation

Autoregulation is described as the ability of tissues to maintain a relatively constant local regional flow within a
range of “global” BP such as measured in the arm or leg."™'® BP measured in this way bears little resemblance
to pressures and flows at the tissue level. At any given BP reading, regional flows and pressures may vary
significantly depending on local tissue needs.

There are several postulated theories for the mechanism of autoregulation that include the myogenic theory,
tissue metabolic theory, tissue fluid pressure theory, and renin-angiotensin theory (in the kidney only).'” They

all have in common the fact that local tissue demands invoke changes in vessel resistance to adjust flow and
ensure their localised needs are met. This occurs independently of global pressure measured at any distant site.

The autoregulation argument is predicated on the assumption that pressure drives flow, which begs the
question that if BP drives flow, why doesn't flow increase with increasing BP, and instead remains constant
over a wide range of pressures? Could it be that BP is not the independent variable?

To illustrate this, the author has taken the liberty of interchanging the axis variables as normally depicted for
autoregulation, with blood flow as the independent variable on the X-axis and pressure as the dependent
variable in the Y-axis (Figure 1). This allows an alternative perspective.
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Figure 1. Plot of autoregulation curve with pressure as the dependent variable
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With maximal vasodilatation (minimal resistance), pressure changes little in parallel with an increase in flow and
reflects changes in preload. Once flow exceeds the tissue’s needs it induces increasing local vasoconstriction
to progressively increase local resistance, thereby maintaining constant flow to the tissue despite the rise

in BP. Finally, when the tissue has reached its maximum capacity for vasoconstriction, local flow becomes
predominantly dependent on cardiac contractility.

IOH

Given the lack of an agreed definition of IOH, it is difficult to reconcile the real incidence of complications and
the variable levels at which interventions occur.

Sequelae attributed to hypotension include, cerebral,'®*° cardiac,?’ increased 30-day mortality,2>2* and
postoperative cognitive dysfunction (POCD).25*’ The inference is that BP needs to be maintained in order to
perfuse tissues and prevent these events. However, at the local tissue level, regional pressures will vary with
changes in regional flow, yet the BP measured in the arm may remain constant.

Hypoperfusion secondary to hypotension is regarded as the underlying mechanism causing these outcomes.
Consequently, the almost ubiquitous response to managing hypotension is to administer vasoconstrictors

in order to elevate the BP back to “normal;’ on the assumption that flow (and thus perfusion) will increase in
response. However, Newton's second law of motion reveals that a force must be applied to a body to change
its momentum or direction or both. It is considered to be one of the most important laws in all of physics.?® In
determining the motion of a mass (blood), it is clear that only a force is capable of influencing the motion of any
mass, and not pressure.

The interaction and balance of forces within the circulatory system determine the magnitude and direction of
blood flow.? In this context, the administration of vasoconstrictors has a detrimental effect on blood flow?%2°
despite any rise in BP.

Another factor considered to drive flow is the pressure gradient. Vasoconstriction results in elevated pressures
in vessels proximal to the constriction but a fall in pressure distally, which is observed as an increase in pressure
gradient. Despite the increase in pressure gradient, flow decreases and is accompanied by an increase in flow
velocity, which may of itself be detrimental.
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Stroke associated with IOH

Embolism is considered the primary cause of postoperative ischaemic stroke,®' which may be related to
presence of atrial fibrillation or surgery-induced hypercoagulability in combination with vulnerable plaques in
carotid or major cerebral arteries.'”'®

IOH is considered a major contributor to hypoperfusion and cited as a factor associated with postoperative
stroke,?'"*® however, no association has been found between IOH and postoperative stroke in patients
undergoing non-cardiac surgery.?>34

On the other hand, studies have demonstrated that increased blood velocity and turbulence can damage intimal
cells and dislodge plaques.®® Consequently, it could be that in those studies where a positive association
between IOH and stroke exists, that vasoconstrictors were administered resulting in increased blood velocity/
momentum and turbulence promoting plaque dislodgement with subsequent embolisation.

Surgery in the beach chair position is regarded as a particular risk to cerebral hypoperfusion with dependency
on adequate BP. However, the administration of vasoconstrictors may not be the solution, and indeed may

be the enemy. Cho'’s paper®® in which prophylactic administration of vasoconstrictors to patient undergoing
shoulder surgery in the beach chair position was associated with regional cerebral oxygen desaturation on
upright positioning,® casts doubt on the merits of vasoconstriction to maintain cerebral perfusion.

Regarding haemorrhagic stroke, the administration of vasoconstrictors could conceivably be a contributory
factor by promoting velocity-related turbulence to disrupt cerebral microaneurysms and subsequent rupture.

For a description of the physics and biophysical mechanisms underpinning these processes the author directs
readers to Hademenos and Massoud's book.*”

Myocardial ischaemia associated with hypotension

Walsh et al,?* in their retrospective analysis of 33,000 patients, examined mean arterial pressure to determine
predictors of postoperative morbidity and mortality. They concluded that mean arterial pressure (MAP) less than
55 mmHg predicted adverse cardiac and renal outcomes.

The risk of myocardial injury rose markedly with duration of hypotension when MAP was less than 55 mmHg

in comparison with MAPs above this level. This association is clearly demonstrated in their paper. However,
these findings warrant further consideration. Those patients in ASA categories Il and IV constituted the greater
proportion of patients with MAP < 55 mmHg at all durations. Such patients are at higher risk as predicted by
their ASA status, which may include morbidity such as pre-existing poor cardiac function, or alternatively a
reflection of more extensive major surgery with accompanying hypovolaemia.

The study by Walsh et al does not consider whether vasoconstrictors were administered, and if so, at what
point. Administration of vasoconstrictors may have provoked adverse effects on blood flow and contributed
to increased morbidity and mortality. It needs to be established whether vasoconstrictors were used and then
compare outcomes with and without vasoconstrictors.

In an article by Howell, they propose that high arterial pressures are associated with high levels of afterload and
cardiac work." This serves as a logical explanation for the mechanism responsible for cardiac complications
observed with hypertension. The combination of the need to meet tissue oxygen demand along with vessel
rigidity and narrowing, results in hypertrophy of the myocardium with subsequent impairment of critical sub-
endocardial blood flow. If myocardial demand exceeds reserves, and the ability to provide the necessary flow,
then susceptible patients are at risk of developing ischaemia.

While this provides an explanation in patients with chronic hypertension, the same mechanism may contribute
to similar outcomes when treating BP with vasoconstrictors. Overzealous or injudicious use of vasoconstrictors
intraoperatively may precipitate a cardiac event in those prone to developing ischaemia due to the increase in
afterload and therefore myocardial work and myocardial oxygen demand.

Aside from the increased afterload accompanying vasoconstriction, but equally important, is the effect of
increased velocity of blood flow as vessels narrow, resulting in turbulent flow with intimal stress/disruption, and
potential dislodgement of plaque within the coronary circulation.

Postoperative cognitive dysfunction

Deterioration in cognitive function following anaesthesia is the subject of considerable investigation and
continues to be a focus as a major health concern. Several factors have been implicated, with anaesthesia
being one of the most recently identified.?
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One of the mechanisms under investigation is adequacy of cerebral perfusion and the need to maintain BP
levels, although there is little evidence to indicate the appropriate level or target BP."' Hirsch et al concluded
that absolute or relative hypotension was not predictive of postoperative delirium but rather it was the
fluctuations in BP.26

Fluctuations in BP under anaesthesia arise because of numerous factors, including the administration of
anaesthetic medications and other vasoactive drugs, including vasoconstrictors.

Further research comparing bolus administration of vasoconstrictors with infusions may shed some insight into
whether it is the swings resulting from bolus administration that are the problem, or whether such problems
occur even with constant infusions, in which case vasoconstrictors may be implicated irrespective of the means
of their administration.

While earlier research suggested that the anaesthesia technique used, and selection of general anaesthesia
was a contributing factor to POCD, more recent research is favouring other mechanisms on the basis that
there appears to be no difference in the incidence of postoperative cognitive dysfunction between general
anaesthesia and spinal or epidural techniques.®**® One of the hypotheses used to explain this observation is
that regional techniques are often supplemented by the administration of sedative medications or sub-hypnotic
doses of hypnotics.

However, another factor common to both general anaesthesia and regional anaesthesia is the intention to
control BP, which is essentially achieved through the use of vasoconstrictors. This may explain the absence of
any difference between general anaesthesia and central neural blockade, as vasoconstrictor administration is
known to be associated with swings in BP irrespective of the anaesthesia technique.

VASOCONSTRICTORS - FRIEND OR FOE?

There is undoubtedly a place for the judicious use of vasoconstrictors, such as their direct and localised
application to minimise blood flow to a region. This may include their local administration to minimise surgical
bleeding, as with endoscopic sinus surgery,*® for example. Administration of vasoconstrictors to the local
surgical site increases local vascular resistance and, along with concomitant administration of vasodilators,
systemically reduces systemic resistance thereby diverting flow away from the surgical site.

Alternatively, vasoconstrictors may be beneficial when aiming to reduce regional flow to minimise capillary
leakage, as occurs with anaphylaxis and septic shock.

However, for control of trauma or damaged organ bleeding, any increase in generalised vascular resistance
tends to aggravate blood loss due to the diversion of blood flow away from the general circulation to the
damaged organs, which have lost the ability to alter their local vascular resistance. Use of vasodilators is often
helpful in these settings by producing generalised vasodilatation, which facilitates diversion of blood flow away
from the surgical site or damaged organ.

The assumption that BP determines flow promotes the intraoperative use of vasoconstrictors to treat
hypotension and restore blood pressure back to “normal,’ for which there are consequences.

Arguments that have been proposed to support the use of vasoconstrictors include:

= Vasoconstriction diminishes peripheral flow with consequent diversion of blood volume centrally to
maintain flow to brain, heart, and kidney. However, this is not supported by the distribution of alpha-1
receptors within the circulation. These receptors are widespread in the vascular smooth muscle of
genitourinary, intestinal, cardiac,*' and brain*? and consequently, these organs are subject to the effects
of alpha-1 agonists. While vasoconstriction aims to support BP on the premise that blood flow will be
maintained to the central organs, this may not be the case, and in fact may prove to be harmful.

= Diastolic filling of coronary arteries can be maintained or improved as a result of vasoconstriction, which
may have a beneficial effect on cardiac output. While coronary blood flow is maximal during diastole,
it is also true that any increase in afterload results in an increase in wall tension, which decreases
subendocardial flow and may precipitate an ischaemic event. Furthermore, the determinants of cardiac
output are preload, afterload, and contractility. Administration of vasoconstrictors increases cardiac work
and consequently may disproportionately increase oxygen/blood flow demand with likely adverse effects.

. Increasing afterload leads to an increase in left ventricular end-diastolic volume (LVEDV), with consequent
increase in stroke volume and cardiac output. However, any increase in the LVEDV secondary to an
increase in afterload has to be the consequence of reduced systolic emptying, which suggests that
cardiac output is in fact diminished. This will then be compensated by an increase in contractility
(and myocardial work) resulting from the increased myocardial muscle fibre length but represents an
encroachment on myocardial physiological reserves.
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= Administration of vasoconstrictors to avoid reductions in blood pressure in patients with left ventricular
outflow tract obstruction is thought to be of benefit with regard to maintaining cardiac output in these
patients. The problem with outflow tract obstruction being a resistance to flow is that it acts as a force
opposing the propulsive force of myocardial contraction. Adding any additional opposing resistive force, in
series with the outflow tract obstruction, despite the aim of maintaining blood pressure on the premise that
this drives flow, can only have deleterious effects on cardiac output.

= Not all vasoconstrictors are the same and demonstrate varying alpha and beta receptor effects. This is
indeed a valid argument to support the judicious use, which suggests that beta receptor agonists are
indicated to support cardiac contractility where this is compromised. However, the use of pure alpha
receptor agonists to manipulate blood pressure is regarded by the author as dubious.

CONCLUSION

IOH is not an uncommon event under anaesthesia, predominantly being attributable to changes in vascular
resistance and to some degree, myocardial depression.

Vasodilatation under anaesthesia, with concomitant hypotension, presents a low resistance circulation
with blood flow accompanied by reduced myocardial work. What then is the true benefit of administering
vasoconstrictors to rectify a BP reading that may not in fact reflect flow?

Vasoconstrictors have an important application in surgery to reduce blood flow to surgical areas, with the aim
of minimising bleeding and optimising the surgical field. However, intravenous administration to manage BP is
another matter.

Regarding the effects of vasoconstrictors in increasing vascular resistance, increasing blood flow velocity
with subsequent turbulence and intimal capillary damage, fluctuations in BP, or all of these combined, further
research is required to establish the risks of vasoconstrictors and whether IOH is an indication for their use.

Hopefully, challenging accepted thinking and asking questions will provoke the research necessary to support
further investigation and more refined answers.
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INTRODUCTION

Between 40 and 60% of children are anxious before anaesthesia and surgery, resulting in some becoming
uncooperative at induction but also having effects persisting after anaesthesia. Anxiety can be reduced with a
combination of education, behavioural and pharmacological techniques. Research shows the child's experience
of anxiety is greatly affected by the anaesthetist’s choice of words and behaviour. Distraction is a very important
behavioural technique the anaesthetist can use at the time of induction to reduce a child’s anxiety by keeping
their focus away from the procedure. Current research focuses on virtual reality as a form of distraction,
although this may involve complex and expensive systems. After a brief overview, this article will give a practical
approach to managing induction by taking advantage of the powerful distraction from three simple magic tricks
suitable for children aged four years and older. Magical distraction is so strong, that children can be thrilled and
laughing as they fall asleep, perhaps reducing the likelihood of emergence delirium. It also distracts and relaxes
the parent at the time of induction. After using this technique over the past twenty years and for thousands of
children, the author has lost count of the number of frightened children assisted, and of the grateful words and
notes of thanks.

ANXIETY AT INDUCTION OF ANAESTHESIA

A child’s anxiety increases as they progress towards surgery, with induction of anaesthesia being the most
stressful part of hospital admission' (Figure 1). Signs of anxiety include crying, screaming, becoming quiet and
withdrawn, expressing fear or sadness or lack of cooperation. These signs of anxiety are very common: One
sign is present in 42% of 2 to 10-year-olds, and three or more signs detected in 17% at induction.? Anxiety is
more common in children aged one to five years, those who have a shy, inhibited, or anxious temperament, have
had a difficult or ‘stormy’ induction before, or have very anxious parents.®

Figure 1. A child’s anxiety increases during their journey towards theatre and induction, although there
is variation between children depending on their temperament, past experiences, and other factors.
Based on Chorney and Kain.?
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CONSEQUENCES OF ANXIETY AT INDUCTION

Anxiety can reduce cooperation at induction, with up to 25% of young children who have not received a
sedative premedication requiring restraint at this time’. However, the effects of this anxiety persist beyond
induction. Children who have a difficult induction that necessitates restraint are more likely to be agitated when
awakening, have increased pain and behavioural changes after surgery, and may become more anxious about
future anaesthetics (Figure 2).

Behavioural changes include clinginess and separation anxiety, sleep disturbances and night terrors,

food refusal, temper tantrums, and enuresis. Up to 60% of children have behavioural changes on the first
postoperative day."*® They commonly persist for three days after discharge, but sometimes for a few weeks or
even months (Figure 3). Of the children who have emergence delirium, one in four have an increased incidence
of behavioural changes one week postoperatively.®

Figure 2. Preoperative anxiety may affect emergence from anaesthesia and cause dysfunctional
behaviour in the postoperative period. This experience may then increase the child’s anxiety at the next
anaesthetic.
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Figure 3. A difficult or ‘stormy’ induction is associated with an increased incidence of behavioural
changes after anaesthesia. Based on Kain et al.'
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REDUCTION OF ANXIETY AT INDUCTION

Reducing a child’s anxiety leading up to and including induction reduces pain and behavioural disturbances in
PACU and later. A small group of children will be calm and cooperative at induction no matter what strategies
the anaesthetist employs. There is also a small group of children who will likely be unhappy and uncooperative
no matter what the anaesthetist does. In the middle is a large group whose anxiety can be managed, and their
cooperation maintained. The aim in this group is to maintain a low level of anxiety and prevent tipping into a
frightened and uncooperative state. It is important to prevent tipping, because once this has happened it can
be very difficult to reduce the child’s anxiety and regain their cooperation. The techniques to reduce a child’s
anxiety at the time of surgery include those educating and preparing the child and parent before admission,
pharmacological premedication, and behavioural techniques in hospital.

Education techniques

Preparation programs are optimal if they teach the child coping skills to deal with their anxiety. This requires
significant resources, and these programs are not commonly used.” The use of individualised video and virtual
reality technology may make these programs common again. For the time being, information brochures and
websites are the commonest form of education, though they are the least effective. The preoperative phone call

to the carer and assessment of the child remains the commonest individualised education and preparation.

The preoperative period is also the time to introduce to the child any distraction technique planned, such as a
video or a story. Finally, assessing the child before theatre also gives time for pharmacological premedication,
when required.

Pharmacological techniques

Premedication effectively reduces preoperative anxiety. Its use should be targeted however to allow for

risk factors such as the child’s age, the duration of surgery and the potential for delayed recovery. When
pharmacological premedication is needed, the commonest agents are clonidine 60 minutes before induction

or midazolam 30 minutes before induction. Comparisons of the two premedications in preschool age children
give diverging results when the effect on anxiolysis is the primary study outcome. A recent study of children
between the ages of 2-6 years old showed midazolam gave better anxiolysis and less sedation than clonidine or
dexmedetomidine.® Midazolam may sometimes cause dysphoria and amnesia after waking though, which should
be taken into consideration. However, midazolam does not have to be rigidly dosed at 0.5mg/kg. The dose can
be between 0.25 and 0.5mg/kg, administered 30 minutes before induction.® It seems plausible that titrating the
dose according to the age of the child and their level of anxiety would reduce the likelihood of postoperative

dysphoria.

Behavioural techniques

Parental presence at induction is a standard role in caring for children. Even though it does not reduce the
child’s anxiety at the time of induction, it avoids separation from their carer and increases parental satisfaction. It
is part of modern ‘“family-centred’ care.

The anaesthetist can use positive reinforcement and distraction to reduce the child’s anxiety at induction. The
behaviour of the anaesthetist — what they say and do — can worsen or lessen the child’s anxiety.”'" Distraction,
humour, and talking about something other than the procedure help the child cope with their situation and
reduces their anxiety. On the other hand, reassuring, apologising, empathising, criticising, or allowing the child
too much control over the procedure focuses them internally, and on their situation, increasing their anxiety and
possibly making them inaccessible due to fear (Table 1a and 1b).
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Table 1a. Staff and anaesthetist behaviours that reduce a child’s anxiety at induction. Distraction shifts
attention away from the induction and reduces anxiety. Based on Martin et al.®

Anaesthetist behaviours that reduce the child’s anxiety

Staff behaviour Example
Magic

Non-procedural, distracting talk Talking about toys, pets, favourite movies
Story telling

Humour Jokes

Funny story

“Do you want me to hold the mask or your dad
(or insert name of parent or carer) to hold it?”

Clear choices that do not allow avoidance of “Strawberry or chocolate mask?”

procedure “Walk or ride on the trolley?”
“Do you want to climb onto the bed or mum to lift you?”
Medical play and describing visible Astronaut space mask
equipment in no threatening terms Green balloon bag
One adult talking Only one person distracting the child
Firm warm confidence Speaking with calm clear voice with sense of leadership

Metal tube, plastic straw, perfume smell.

Good word choice Focusing on what child can do rather than not do

Table 1b. Staff and anaesthetist behaviours that increase a child’s anxiety at induction. Reassuring,
empathic statements focus the child on their feelings of distress and increase anxiety. Based on Martin
et al."®

Anaesthetist behaviours that increase the child’s anxiety

Staff behaviour Example

“You'll be OK", “Don't worry”, “l know it's hard”, “I'm

Reassurance, empathy, and apologising sorry”

Too much information about the procedure or

Excessive technical or medical talk . S .
equipment, especially immediately before theatre

“Can | put the mask on now?”
Suggesting control when the child actually has none | “Are you ready to come to theatre now?”
“Do you want to climb up on the bed?”

Multiple adults talking Child not focused on interacting with one person

Allowing child to delay “Just a minute”, or “Wait, | just want to...”

Needle, sting, hurt, smelly.
Poor word choice Focusing on what child can't do
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The words chosen by the anaesthetist also affect the child’s behaviour. Framing discomfort using playful,
imaginative, or abstract language is helpful — “sparkles” up the arm rather than “this may sting a little”, or “a
beautiful perfume” rather than “this gas might smell”. Speaking in a slow rhythmic manner can be somewhat
hypnotic and help hold a child’s attention. The choice of words and phrases used at this time are important and
have been well discussed by Allan Cyna and his group in Adelaide.' Finally, the anaesthetist's posture, facial
expression and where they stand relative to the child may also affect the child’s anxiety.

Distraction is a very important technique in reducing the child’s anxiety. The aim is to get the child’s attention
and keep their focus away from the procedure. Distraction can be achieved many ways, and although some
children will be relaxed with simple non-procedural talk about school or toys, other children are more anxious
and benefit from stronger distraction. Various techniques have been studied and assessed in a Cochrane
review.'® Current research tends to focus on electronic devices such as videos, handheld games, and virtual
reality headsets.'* Some of these techniques are complex, expensive, or cumbersome. Furthermore, it seems
the child is better distracted if they are actively participating with the technique. One comparison showed
actively playing a video game distracted the child and reduced anxiety, but just watching a video did not.”™ The
novelty of the device is also important. Passively attempting distraction by just showing a video on a phone
might not have enough impact.'®

Strong, effective distraction starts early, is continuous, and increases as induction progresses, (Table 2) with a
goal of preventing the child ‘tipping’ to an uncooperative state. A distraction is made powerful by its novelty and
by building a sense of anticipation so the child is looking forward, or even excited, to find out what will happen.
For a story, this might mean beginning it in the preoperative area. For a video or game, it might mean starting

to watch it or choosing aspects of the game in the preoperative area. The distraction is maximised if the child’s
interest is held while they enter theatre, rather than their focus shifting to looking around and becoming worried.

Simple magic tricks are a powerful distraction because they are novel, colourful, and partly performed by the
child. Unlike videos, children don't often see or experience them. Magical distraction has the practical benefits
of being cheap, mobile, reliable, and easily accessed in theatre. Although some tricks need some skill, this form
of distraction removes the need for the anaesthetist to make up stories, sing, remember jokes, or think of topics
for conversation.

Table 2. The effectiveness of any distraction used by the anaesthetist can be maximised.

Effective distraction

Is interesting and new to the child

Gets child’s attention as soon as they enter theatre

Begins with a sense of anticipation to build excitement

Increases as induction approaches and anxiety increases

Is continuous with no pauses or gaps that might lose child’s attention

Has the strongest distraction saved for the time of mask acceptance or cannula insertion when anxiety is
maximal

MAGICAL DISTRACTION

The author was fortunate to have learnt magical distraction from Professor Chris Abajian in Vermont, about 20
years ago."” Since then, he has employed three simple tricks at induction of children aged four years and older.

These simple tricks are easily carried, perhaps in a pocket, and are easy to clean and reuse. The overarching
story presented to the child is that they will be able to colour-in with their finger by magic, immediately building
a sense of anticipation (or disbelief) for them to look forward to. The three tricks used by this author are the zig
zag pencil, a simple sponge ball trick, and a magic colouring book. They are used in this order, as they become
more impressive and more distracting, flowing nicely to the start of induction. They are also effective tricks
because the child is actively involved in doing them, rather than just watching. The details of the three tricks are
in the Appendix, but an overview of what they are and how they help the child is given below.
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Zig zag pencil in the waiting area

The idea of the child being able to colour-in by magic with their finger is discussed at the preoperative
assessment. The zig zag pencil is used to reinforce the idea of magic, and to give some proof that the child
really will have magical powers. This trick requires zero skill and takes 30 to 60 seconds, during which a pencil
appears to be chopped into three pieces, then magically re-joined.

Sponge balls in the preoperative area

The second trick uses sponge balls and is performed immediately before the child is taken to theatre, so

its distraction power is maximal. It is an impressive trick that first makes one ball become two, and then two
become three, all in the child’s hand. The child is then left holding the three balls and is challenged to turn them
into four. The child becomes distracted right up to entering theatre, excited at the thought of learning how to
make four balls. This trick is sophisticated enough to distract some anxious teenagers, as they can become very
nervous at the time of induction even though they usually maintain their cooperation.

Magic colouring book in theatre

As the child enters theatre, their attention is immediately grabbed by the anaesthetist holding up the colouring
book to show them. This maintains their focus, as they look at it and not around the theatre environment.

Now is also the time to make the fourth ball appear. Either as the trolley is brought into the induction room,

or positioned beside the operating table, or as the child walks up to the table to climb onto it. The fourth ball
appearing is a ‘wow’ moment for the child (and parent) and makes them happy to climb onto the operating table
or be in the induction room.

Maintaining the flow and without pauses, the colouring trick is begun. The magic colouring book first has
outlines, then becomes coloured, then becomes blank, then the outlines reappear.

What happens after the magic?

The child is impressed and excited. They did magically colour-in like you said they would. Now they are much
more likely to comply with the next stage of induction. They are even perhaps looking forward to what happens
next and if there is another trick. The magical distraction is best maintained when flowing into an inhalational
induction. It is also helpful with an intravenous induction, but it is more difficult for the anaesthetist to maintain
distraction while concentrating on the IV insertion. There are many ways to proceed from here, and each
anaesthetist will have their preferred approach.

To maintain the flow of the induction, this author introduces the mask by touching it on the child’'s hand where
they can see and feel it, then places the mask onto the bridge of the nose. The lower portion of the mask is kept
off the mouth at first, so the child doesn't feel a change in their breathing while getting used to the mask in their

personal space.

The mask is lowered on to the mouth as the rebreathing bag is held up and the child challenged to blow it up in
five breaths. There could be lots of different stories or words that are used at this point, but here is one of them:
After the bag has been blown up by the child, relate a simple story about their magic powers making the balloon
get bigger and smaller. Touching the bag on their hand adds another sensory input and is a new distraction to
the child. As the sevoflurane is introduced, the child is asked to hold the parent’s hand because they might get
dizzy, like being on a merry-go-round. This focuses the child on the touch of the hand rather than the smell of
the gas. If the mother is present, it's nice to say the smell might be like a perfume mum wears when she goes
out, which often gets a laugh from the mother and perhaps relaxes the child further. The anaesthetist holds the
child’s other hand, and it is gently rotated around and around, like a merry-go-round. Thus, the anaesthetist has

control of that hand, the parent has the other hand, and the child is distracted in a new way.

This author prefers to give nitrous oxide in oxygen for about 20 seconds before sevoflurane is begun, and until
the sevoflurane has begun to have an effect. There is no need to incrementally increase sevoflurane as opposed
to beginning at 8 per cent, especially if the circle circuit is being used.'®

SUMMARY

Distraction is the most important and effective way of reducing a child’s anxiety at the time of induction.
Distraction using three simple magic tricks has been presented. This is a powerful form of distraction since
children don't usually see or experience magic close up. The zig zag pencil, sponge balls, and magic colouring
book require little skill or effort, but will distract patients, who will be much more likely to remain cooperative
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at induction. Magical distraction is so powerful, children can be thrilled and laughing as they fall asleep, which
would be expected to reduce the likelihood of emergence delirium. The tricks also distract and relax the parent,
are enjoyed by staff, and will have children asking if they can please have the ‘magic doctor’ next time they have
an anaesthetic.
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APPENDIX

This section describes the three distraction tricks in detail. All three are available online from magic shops.

The zig zag pencil

A pencil is cut into three pieces, then ‘glued’ back together (Figure 1). The instructions supplied with the pencil
are easy to follow, and the device can be easily cleaned between uses. The child can be involved with the trick
rather than just watching, asking them to put the pieces back into the device and push it shut.

Video at https://www.youtube.com/watch?v=H5GFCGwUUTQ (accessed August 2023)

Figure 1. The zig zag pencil, which magically cuts and re-joins a pencil.
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Sponge balls

Sponge balls are soft, compressible red foam balls, 1.5 inches in diameter, that come in packs of four. There are
many brands, including ‘Magic by Gosh'. They can be cleaned using some types of hand sanitiser.

Children need to be at least four years old to be able to do this trick. The child begins with one red ball,

which turns into two, then three. The magic happens in their hand, making it a strong distractor shortly before
anaesthesia. The child is left with the three balls and challenged to make four, either just before going to theatre,
or while being taken around to theatre. The child is focused on trying to make the fourth ball appear when they
enter theatre, taking their attention off the theatre environment. The anaesthetist makes the fourth ball appear

in the child’s hand upon entry to theatre, amazing the child and helping make them happy to climb onto the
operating table, or just being within the induction room.

Step 1. In the right hand, the anaesthetist holds one ball between thumb and index finger and clenches the
remaining fingers. In the left hand, a ball is also held between thumb and index finger, but a third ball is hidden
in the clenched fist (Figure 2). The anaesthetist secretly gives the child both balls from their left hand, getting
the child to clench their fist around the balls so their presence is not revealed. It's easy to hide the other ball in
this move so the child thinks they have only been given one ball. Meanwhile, the anaesthetist has a fourth ball
hidden in their left scrubs pocket for future use.

Figure 2. The anaesthetist’s view of the first step. A ball is between the fingertips of both hands, but
another is within the clenched left hand. Both hands need to be clenched to avoid suspicion.

Left hand
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Step 2. This step is the most difficult part. It is usual to feel self conscious when doing it, but the audience is a
young child, not a live TV audience! The anaesthetist now has a ball visible in their right hand, and this needs
to disappear. This is done by quickly ‘palming’ the ball into the left hand (Figure 3). The ball in the fingertips of
the right hand is poked into the palm of the left hand, and is held there by bringing the thenar and hypothenar
eminences together, puckering the palm and gripping the ball. As soon as the ball is within the left hand, the
right hand is taken away and clenched in a fist. At the same time, the left hand with the palmed ball is kept
facing down to conceal the ball, and placed flat on a surface so it doesn't look like anything is in it. This flat
surface can be the bed sheet (Figure 4), or the knee or thigh (if the anaesthetist is crouching), or within the
hand clenched around the railing of a patient trolley. Clenching the left hand or looking at it gives away the
secret.

At this stage, the child believes they have a ball in their fist and the anaesthetist has a ball in their clenched right
fist, when in fact the anaesthetist’s ball is in their flat left hand.

Figure 3. The anaesthetist’s view of the second step. The ball between the fingertips of the right
hand is poked into the palm of the left hand and held there by puckering the hand. The right hand is
immediately clenched into a fist while the left hand, with the ball, is lain flat on a surface.

Left hand

Right hand

Figure 4. The anaesthetist’s view of the third step. The ball is squashed under the hand, held against
the bed sheet. This hides it and makes the child think the ball is the anaesthetist’s clenched right hand.

Left hand

Step 3. After an ‘abracadabra’, or blowing magic, the anaesthetist and child open their hands. The child is
amazed they have two balls and the anaesthetist has none!

Step 4. Next, the third ball will be revealed. This ball is currently in the anaesthetist's left hand. The anaesthetist
uses the right hand to take the two balls from the child, then places them into their left hand where the third ball
already is, then gives the child all three balls into their clenched fist.

Step 5. After another ‘abracadabra’ or blowing magic, the child is asked to open their hand, revealing three balls
this time. The child is now challenged to turn them into four while the anaesthetist either leaves to ready theatre,
or escorts the child around to theatre.


https://www.youtube.com/watch?v=H5GFCGwUuTQ
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Step 6. Immediately upon entry to the induction room or theatre, the fourth ball is made to appear. The fourth
ball from the scrubs pocket is hidden in the anaesthetist's left hand before the child enters the room. Similar to
step b, the three balls are taken from the child, added to the fourth within the left hand, then all four are given to
the child.

This might seem a complicated trick to carry out, but after several times it becomes easy and natural. The
magical distraction is impressive and powerful for both child and parent, and is a great reward for doing it. It is
also a useful distractor for nervous teenagers, who can be challenged to work out how it is done and how to
make a fourth ball. A phrase like “You're way too old for this trick, but your mum will like to watch it" also makes
it more acceptable to a teenager.

Video of a similar routine https://www.youtube.com/watch?v=iiegjl46pPk (accessed August 2023)

The magic colouring book

This is the final trick that the anaesthetist has been telling the child they will be able to do all along, building
anticipation and distraction power. The book pages alternate between simple outlines, coloured-in, or blank,
depending on where the right-hand side of the book is held while turning the pages (Figure 5). If the book is
protected by a clear plastic book covering, it can be wiped over to clean.

Children aged about three and a half years and older can do this trick. After demonstrating the outline drawings
inside, the anaesthetist can ask the child to press some part of the front cover and say ‘abracadabra’, before
making the coloured pages appear. The child can then be asked to turn the pictures back, but the pictures
mysteriously become blank. Finally, the child can make the outlines come back as at the beginning.

Video at https://www.penguinmagic.com/p/73 (accessed August 2023).

Figure 5. The magic colouring book.

U@\}‘ FUN m@ﬂ@ 4= BE W lines
COLORING BOOK

MAGIC MAGIC MAGTC
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4= Coloured-in

4 Blank

The spine of the book is held in the left hand, and the pages flipped using the thumb and forefinger of the right
hand. The arrows show the effect of flipping the pages with the fingers in the three positions.


https://www.penguinmagic.com/p/73
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