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Principles of general surgery



Sustainability in surgery

Ifeoluwa Osinkolu, Victoria Pegna

ABSTRACT

Addressing climate change has become a major priority for global public health. Healthcare
delivery, in particular surgical care, contributes to the climate crisis. To address this, efforts
are being made to embed sustainability into the way surgical care is delivered.

In this chapter, we have elaborated the link between climate change, healthcare, and
surgery that suggest the principles of sustainable surgery as a guide to lower the environmental
impact of clinical practice and outline a range of practical recommendations that can be
applied to everyday practice. Finally, we have discussed the future of sustainability in surgery
and the road to decarbonising the speciality.

INTRODUCTION: THE LINKS BETWEEN CLIMATE CHANGE
AND HEALTHCARE

The accelerated release of greenhouse gasses into the atmosphere caused by the expansion
of human activities has led to climate change. The most important greenhouse gas is
carbon dioxide. As a result of land clearance for development of agricultural and urban
societies around the world, and fossil fuel combustion, the global carbon cycle has

been severely altered [1]. The level of carbon dioxide in atmosphere is increasing from
approximately 280 ppm in preindustrial times to over 400 ppm in 2020 [1]. In 2021, the
mean surface temperature globally was 1.1°C warmer than the preindustrial level average
[2]. This rzculting temperature rise has seen an increase in the frequency of extreme
weather =vents, worsening air pollution, poorer food and water security, and changes in
vector « ~u)ogy [3). These effects of climate change are affecting human health worldwide
directly ii:rough increased exposure to extreme heat, wildfires, flooding, and pollution.
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Indirectly, human health is affected when the systems and infrastructure on which health
depends on are damaged.

The global healthcare industry contributes significantly to the climate crisis with an
estimated annual carbo:: footprint of 2 billion tonnes of carbon dioxide equivalent [4]. This
is approximately 4.4% of tiie global net carbon emissions [4]. The term ‘carbon footprint’
is defined as the estimated sum of direct and indirect greenhouse gas emissions which are
attributable to a given process or product. If the health sector were a country, it would be
the fifth largest carbon emiiter [4]. The healthcare sectors in the US, China and countries
of the European union are responsible for 56% of global hezi:hcare's emissions [4]. In the
USA, healthcare is responsible for 8-10% of all its greenhoi:s= g2s emissions [4]. The health
sector directly and indirectly releases greenhouse gasses v:i'c delivering care. Through the
production, transportation and disposal of pharmaceuticzis zgiicultural products, medical
devices and equipment, the supply chain of healthcare is r=sponsible for about 71% of its
carbon footprint [4].

In 2021, the Intergovernmental Panel on Climate Change (IPCC) predicted that unless
addressed, global surface temperatures are going to reach 1.5°C above preindustrial
levels within the next decade [5]. This rise in temperature will have detrimental effects on
natural and human systems. It is not surprising a climate emergency has been declared
in 39 countries [6], and the World Health Organisation (WHO) is advocating for net-zero
emission transmission of healthcare systems. Acknowledging healthcare’s contribution to
the climate crisis, in 2020 the National Health Service (NHS) in England became one of the
few healthcare systems in the world to commit 1o achieving net zero carbon emissions by
2040 and published its decarbonisation strategy |7]. This has inspired 22 other countries to
commit to lowering their emissions of their health systems to net zero [8).

The climate crisis is a healthcare crisis, Healthcare practtioners will need to participate
in the innovation, adoption and embedding of sustainable healtheare principles which alm
to deliver healthcare needs for today's generation without compromising the ability of the
future generation to meet their needs [9]. This will be crucial in addressing this crisis and
achieving the targets set in the United Nations climate chorpe Parls agreement [10].

SURGE#Y'S CONTRIBUTION TO THE CL!MATE CHANGE

Surgical services, and in particular operating theatres, cor snificantly to the carbon
footprint of healthcare. A systematic review looking at the ¢« on footprint of surgical
operations showed a single operation could be responsible 100« much as 814 kg CO,e [11].

This is equivalent to driving 2,700 miles in an average petro! cor |12 Operating theatres
are typically the most rc scurce-intensive area in the hospita! because of its high-energy
demands, expensive eou nent, anaesthetic gasses, and generation of excess amount of
waste [13).

The energy require.’ * + i .\ operating theatres can be six times more intensive than that
required in the rest of thi- *..spital [13]. Heating, ventiladon, and air conditioning are to
a great degree responsible (or this energy intensiry [13]. Although not totally under the
control of surgical services, a significant amount of greenhouse gas emissions is associated
with procurement. In England, the supply chain is responsible for 57% of the health and
social care greenhouse gas emissions [14]. Medical insmuments and equipment on their
own are responsible for 13% of total healthcare-related emissions [14)].

Inhaled anaesthetic gasses are greenhouse gasses which have varying global warming
potentials, all of which are higher than carbon dioxide. Depending on the anaesthetic gas
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used, it can be responsible for as much as 63% of the carbon emissions of an eperating
tiieatre [13). It is estimated that anaesthetic gasses are responsible for 2% of healtheave’s
carhon footprint in England [7]. Although waste only accounts for as little az 3% of
healtheare's carbon footprint [4], operating theatres are responsible for 70% of hospital
waste [15]. Not only does the manufacturing of single use plastic required for healthcare
contribute to climate change, but inappropriate disposal is also leading to land fill and
worsening ocean pollution [16].

A transformation of the way surgical care is delivered will be crucial for the
decarbonisation of the healthcare sector. The surgical colleges in the UK have, therefore,
made a climate emergency declaration [17], making effort to support sustainability within
surgery by publishing peer reviewed evidence and guidance such as the intercollegiate
green theatre checklist [18] to empower surgical teams to make changes in their practices.

PRINCIPLES OF SUSTAINABLE SURGIEHY

To embed sustainability into surgery, the value of surgical services must be redefined to
consider patient and population outcomes against the environmental, social and financial
costs of delivering care [9]. This is referred to as the sustainable value (Equation 1.1).

Outcomes for patients and populations

Sustainable value = - - - —
Environmental + Social + Financial impacts

(the ‘triple bottom lina")

Equation 1.1 Sustainable value in healthcars [9].

The principles of sustainable surgery have been developed as a zuide to diminish the
environmental impact of our clinical practice [19] (Figure 1.1}. This transformation will
require minimising demand, empowering patients, and designing surgical servicesin a
way to prioritise low carbon treatment options, interventions that are resource efficient and
maximise operational efficiency.

- % Figure 1.1 Principles of sustainable
y healthcare [19],

4c. Maintenance, «—— 4¢
repair and recycle

4b. Reusables 4. Low -:a‘rbnn

alternatives
4a. Low carbon
treatment options
—

3. Lean service delivery (reduce)

2. Patient’s education and empowerment ;
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SURGICAL DISEASE PREVENTION

Primary prevention, which aims to intervene before surgical disease occurs, will ultimately
decrease demand for surgical care. Primary prevention reduces population risks of surgical
illness. These include developing public health measures to promote healthier living
through increased physical exercise, healthier diet, alcohol moderation, smoking cessation
and to address inequalities. Activities such as active travel not only to enhance individual
physical and mental health but can also have environmental benefits by reducing pollution
related to cars [20]. If surgical diseases can be avoided, there will be a reduction in the use
of resources required for clinical assessment, investigation, operation and postoperative
care of patients, therefore decreasing the environmental footprint of surgical care.

Secondary prevention to identify and treat diseases at the earliest stage is also essential.
Preventing additional investigations and interventions associated with delayed diagnosis
aids to optimise surgical resources.

Surgical organisations, societies and individual practitioners should be actively involved
in primary prevention and health promotion campaigns at national and local level as
prevention will have the highest impact on the decarbonisation of surgical care.

Patient’s education and empowerment

Educating and empowering surgical patients to optimise their health and self-manage their
health-needs, when appropriate, reduces the demand for surgery. This enables them to
understand how to limit the progression of their condition and recognise exacerbation of
their chronic illness, therefore reducing hospital visits and reliance on the service. Condition-
specific education like dietary modification in patients known to have gallstones or pain-
relieving exercises in patients with arthritis have the potential to reduce the need for surgery.

Patient-led disease optimisation is of particular importance given the increased waiting
times for elective surgery seen globally as a result of the COVID-19 pandemic [21-23]. Patients
having an active role in co-managing their health condition not only reduces demands on
surgical services but has potential to improve patient's experience and outcomes.

Lean service delivery (reduce)

The way surgical care is delivered can be streamlined to optimise resource utilisation.
Integrating activities with high impact and benefit to both patients and the environment
into the design of surgical pathways can reduce waste of time, space, financial and
workforce capacity [24]. Lean improvement methodologies used in the manufacturing
industry have shown promise in the outpatient and perioperative setting to improve
efficiency while reducing cost [25]. It is important that surgeons question routine practice
and ensure surgical pathways are guided by the latest evidence base. For instance,
integrating virtual clinics into surgical pathways or designing clinics to allow for patients to
attend multiple specialities in one visit, can help to reduce patient's travel to hospital and
patient’s work disruption [20].

Operations can also be streamlined. Regular review of instrument trays for unused
instruments will potentially reduce the use of consumables and unjustified waste. This is

not only associated with significant cost savings but has the potential to reduce operation
set up time [26],



Surgleal disease prevention

Low carbon alternatives

s prmciple ivolves opting Tor Tower carhon teatment options as well as choosing
e e and provesses with Tower carbon footpiine,

Low carbon treatment options

When the most clinteally effective treatment option |s offered to patlents, this helps o
ensure that the environmental impact of any treatment Is necessary, glven that different
treatment options may have varled greenhouse gos emisslons assoclated with them [20).

For instance, choosing loeal or reglonal anaesthetle for operations such ns knee
arthraplasty or inguinal hernda has not only shown considerable elinleal benefit [27,28), but
by avoiding volatile anaesthetle gosses and Intravenous medieatlon requlired for general
anaesthetic, it is assoclated with lower enrbon footprint [29).

Conservative management of some acute surgieal llinesses Is assoclated with lower
carbon footprint when compared to operntive management. ‘This treatment approach was
widely adopted during the COVID-19 pandemic for early appendicitis with low fallure
and complication rates [30], However, operative management of certaln conditions s the
low carbon treatment option, For example, consider the potential resource burden and
patient’s quality of life impact linked with non-operative management ol a painful, non-
abstructed and non-strangulated hernia long term.

The increased environmental impaet of robotic surgery compared to laparoscopic
surgery is important to note. Robotic procedures have up to 43.5% more greenhouse gas
emissions and 24% more waste when compared to their laparoscoplie alternative [31], This
makes itimportant to ensure that robotic surgery Is used when there is sufficient clinical
benefit to outweigh this increased environmental impact,

Reusable equipment

Procurement and medical Instruments are signilicant carbon hotspots in surgery [11].
Single-use equipment is the largest culprit for this [32]. Even when sterilisation and
packaging are factored in, the carbon footprint of reusable instruments is lower than their
single-use alternative [11),

Historical concerns of the spread of prion infection led to the surge in uptake ol single
use medical products [33]. However, now that the standards of cleaning and sterilisation
of instruments have risen, current evidence shows no difference In surgical site infection
when comparing reusable instruments to thelr single use equivalent [34], Hybrid surgical
devices (reusable Instruments with single-use components) also show significant carbon
saving: when compared to single-use Instruments [35]. By swapping single-use products
for the i+ reusable or hybrid alternatives, significant environmental savings and financlal
saviny © «an be achleved 35,36,

Maintenance, repalr and recycle

A transadon from the current linear ‘take, make and dispose’ approach of consumption
to a model that embeds circular economy prinelples which promotes reuse, repair and
recycling is required to maximise finlte resources, This provides a sustalnable solution to
waste and avolds the manufacturing processes Involved in acquiring raw materlals,
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PRACTICAL RECOMMENDATIONS FOR SUSTAINABLE
CLINICAL PRACTICE

Based on the current evidence, several interventions are available within clinical practice to
aid transition to more sustainable surgery,

Travel

Patient and staff travel to and from hospital contributes significantly to the carbon
emissions of healthcare. In the UK, patient and staff travel are responsible for about 10%
of the NHS carbon footprint [7]. Embracing the use of technology to facilitate video or
telephone consultations in the form of virtual/remote clinics in suitable patients can help
to reduce this. For example, patients with chronic conditions who do not require physical
examination and already know the surgeon may benefit from this.

Staff can adopt active travel, engaging in car sharing and using public transportation to
commute to work. Attending meetings remotely when appropriate can also facilitate the
reduction of this carbon footprint.

Anaesthesia

The use of local or regional anaesthetic should be optimised in surgical practice. Operations
carried out using general anaesthetic have a higher environmental impact when compared
to regional or local anaesthetic [29]. This is to do with the inhaled anaesthetic gasses and
intravenous medications required for general anaesthetic.

For operations that must be carried out using general anaesthetic, the choice of inhaled
anaesthetic gas is important. Different anaesthetic gasses possess their distinct greenhouse
warming potential (GWP) with desflurane having the highest [37]. These gasses with
high GWP should be avoided. The Association of Anaesthetists and the Royal College of
Anaesthetists in the UK have committed to decommissioning desflurane by 2024 [38].
Limiting the use of nitrous oxide is also important as it also has a high GWP [39]. Hospital
nitrous oxide manifolds for operating theatres should be decommissioned due to their
high-leak rate [40]. They can be replaced with local cylinders, if deemed necessary.

Waterless hand scrub

Water is a resource which is used in large amounts when scrubbing for surgery. A single
preoperative traditional scrub uses approximately 18.5 L of water [41]. The adoption of
waterless hand scrubs can potentially save millions of litres of water yearly. There is no
difference in the antiseptic efficacies of alcohol-based waterless hand scrub and traditional
chlorhexidine and iodine-based hand scrubs [42]. This saving will reduce the energy
required to deliver and treat the water, therefore, having both financial and environmental
benefits.

The National Institute for Health and Care Excellence (NICE) recommends that after the
first traditional hand scrub of the day, waterless hand scrubs can be used for subsequent
cases [43).

Energy conservation

The air-conditioning, heating and ventilation systems account for 90% of operating theatre
energy consumption [13]. Switching these systems off or putting them on standby when

e
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operating theatres are not in use have the potential to halve their energy consumption [13].
The use of ultra clean air ventilation technology (used to generate laminar flow of air) for
all orthopaedic operations should be questioned. ‘The NICE recommends its use primarily
for joint replacement surgery [44], The selective use of this technology could reduce energy
consumption associated with orthopaedic surgery [45).

Reusable textiles

Ensuring that surgical textiles such as surgical gowns, drapes and hats are reusable can
reduce the carbon emissions associated with surgery. Not only is the use of reusable
surgical gowns associated with less consumption ol energy, water and solid waste
generation [46], but due to better water resistance and durability, they can offer better
protection [47]. With regard to sterility, the use of reusable surgical hats, drapes, and gowns
has demonstrated no difference in the rate of surgical site infection when compared to their
single use counterparts [48,49].

Responsible waste disposal

As much as we try to avoid the generation of waste in the first place, surgery will always
generate some waste. The environmental impact of disposal is, therefore, important.
Although this may vary slightly internationally, high temperature incineration of waste
is the disposal method with the highest carbon footprint while recycling of waste has the
lowest [50].

Less than 50% of recyclable waste in operating theatre from, e.g., equipment packaging,
is not recycled [51]. Ensuring that waste segregation occurs appropriately by separating
clinical from non-clinical waste will minimise the high energy processes that goes into
disposing of clinical waste.

Intraoperative equipment

The regular review of pre-prepared instrument trays/sets for unused instruments is
required to reduce unjustified waste that has financial implications. This has been
demonstrated in some centres where there was up to 70% reduction in the surgical
instruments per set, leading to significant cost savings and no safety issues [52].

Using the reusable or hybrid version of a surgical instrument reduces the carbon
footprint linked with that procedure and is associated with cost savings in almost every
circumstance [35,36]. Minimising the use of single use instrument is vital.

Opting for sutures instead of skin clips is linked with reduced environmental impact [18].
Skin staplers are usually made of plastic, are of single use, and usually require contact with
the healthcare service for removal with clip removers, that are also single use.

Medical device remanufacturing, a process that restores a used device to ‘as new’
performance specifications, can be an important solution for some single use equipment
that does not have reusable alternatives. This circular economy solution has been widely
adopted in the USA for energy devices and appears to have significant financial and
environmental benefits [53].

Optimise clinical interventions

Asking patients to empty their bladders in the immediate preoperative period can avoid the
use of catheters in short operations. The potential environmental savings from this should

9
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not be underestimated, given that the degradation of catheters Is poor, and leads to non-
biodegradable waste [54].

The NICE advises against the routine use of antibiotic prophylaxis for clean, non-
prosthetic surgery [43]. The carbon intense processes used In the manufacturing of
antibiotics, together with the ecological risks brought about by improper disposal methods
[55] make it essential that their use is guided by the evidence base. This will not only help to
combat antibiotic resistance but help to lower the 5% of global healthcare carbon footprint
for which pharmaceuticals are responsible [4].

A recognised illustration of sustainable surgery put into practice can be seen at Aravind
Eye Care Systems, a tertiary care centre in southern India. Cataract surgery performed in
Aravind Eye Care Systems highlights how lean service delivery and low carbon alternatives
can minimise the carbon footprint of a procedure without compromising the quality of
care delivered [56]. A lifecycle analysis of cataracts surgery performed in Aravind showed
how by optimising operating theatre capacity, reusing surgical instruments and gowns,
and identifying instruments to be sterilised between cases using a shorter autoclave cycle,
the carbon footprint of cataracts surgery performed in Aravind per case is 5% of the same
procedure carried out in the UK [56]. This Aravind model serves as a practical example for
sustainable surgery.

FUTURE OF SUSTAINABILITY IN SURGERY

Sustainability within surgery is an emerging field. The journey to minimise the
environmental impact of surgical services is challenging, requiring research, innovation
and collaboration between clinical and non-clinical professionals, industry, and policy
makers. Barriers, such as the lack of awareness, limited quality research and poor support
from senior leadership in healthcare are gradually being lifted to allow sustainability within
surgery to become more of a priority.

Sustainability is now becoming embedded within surgical research, education and
quality improvement activities. To aid the embedding of emerging data into clinical
practice, surgical organisations, and societies need to recognise sustainability as a domain
of quality for improvement. This has already been done by the Royal College of Physicians
in the UK who have officially included sustainability to their quality improvement domains
[57]. This approach will embed sustainability into quality improvement and empower
surgical teams to embark on sustainable quality improvement projects that help to
implement sustainable changes in their nuclear environment.

Education and training about sustainability and sustainable quality improvement
approaches within healthcare will be crucial in achieving the culture change required
to reduce the environmental impact of surgery. Introducing basic training in carbon
foot printing, e.g., could allow surgical teams to better identify surgical equipment
manufacturers who claim to be environmentally conscious for marketing purposes when
they, in fact, fail to have environmentally sustainable processes (so-called greenwashing).
Surgeons have an active role in choosing suppliers and, therefore, influence industry.

By leveraging this purchasing power, industry can be hastened into decarbonising their
manufacturing processes and be encouraged to invest in innovative sustainable solutions.

Surgical processes in low- and middle-income countries need to be recognised as
a potential source of sustainable surgical innovation by surgical organisations in high-
income countries, The sometimes extremely finite resources available to low- and middle-
income countries have forced frugal innovation in the design of their surgical pathways and
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infrastructure leading to efficient and low-carbon services [58). Services with high-quality
patient outcomes should be recognised and studied as they can provide a roadmap to
sustainable surgery.

Understanding the impact of the low-cost driven globalised supply chain of surgical
instruments is important. USA, Mexico, China, Malaysia, Pakistan and Costa Rica are
some of the leading suppliers of surgical instruments to Europe [59]. A surgical suture
can be subject to 23,000 km of air travel across three continents before reaching a local
supplier [19]. Complex supply chains are also difficult to regulate for adequate labour and
employment standards. For instance, the Pakistan surgical instrument manufacturing
industry has been associated with widespread child labour, unjust contractual obligations
and poor health and safety protections [59]. The Malaysian glove manufacturing industry
is also associated with similar labour and occupational health violations. Despite the
development of the Labour Standards Assurance Systems (LSAS) by the UK in 2011 to
regulate NHS suppliers, these issues are still reported in Pakistani surgical instrument
factories and Malaysian gloves factories that supply the NHS [59]. Surgeons will need to
work with industry and policy makers to address the ethical and environmental issues the
global surgical supply chain poses.

The future of surgery is moving towards integrating innovative technologies to improve
patient’s care. It is important that sustainability is embedded into the implementation of
these technologies to avoid negating outstanding clinical gains. Robotic surgery is linked
with very high amounts of greenhouse gas emissions and solid waste because of large
amounts of consumables and disposable instruments [31]. Reducing its environmental
impact by, e.g., designing reusable drapes for robots, needs to be prioritised as robotic
surgery becomes more mainstream.

Surgical societies and organisations must display strong and supportive leadership by
playing a significant role in advocating, educating, promoting and guiding the surgical
speciality into an environmentally sustainable future. The Surgical Royal Colleges in the
UK have taken the first step in demonstrating this by publishing the intercollegiate green
theatre checklist [18]. Award schemes that celebrate and showcase sustainable surgical
innovations and successful sustainable quality improvement projects such as the Centre
for Sustainable Healthcare's Green Surgery Challenge [60] and the Green Hospitals Asian
Conference annual award [61] can also encourage innovation and teamwork to facilitate
sustainable change. Actions like this from more surgical organisations will help to drive the
much-needed transition to a future of sustainable surgery.

CONCLUSION

The cliinzte crisis requires urgent action from the healthcare sector and surgery must play
a key role in reducing its environmental impact. Adopting the principles of sustainable
surgery lcads to actions that minimising waste, optimising energy use, increase adoption
of low carbon alternatives and prioritises prevention. These actions significantly lower the
carbon footprint of surgical care. Embracing reusable instruments, lean service delivery
and patient education further supports this transition. Collaboration among surgeons,
hospital management, policy makers and industry is essential to bring about this change.
Sustainability must become a core pillar of surgical quality improvement, ensuring that
high standards of patient care is in line with our environmental responsibility. Through
innovation and commitment, the surgical community can lead the way towards a future of

sustainable healthcare.

1
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Key points for clinical practice

+ Stop/Reduce single use items where possible and/or advocate for procuring/researching
reusables where possible

+  Adopt low-carbon alternatives in surgical and anaesthetic practices

+  Optimise resource use, reduce waste and segregate wasle appropriately
Turn off electrical devices when not in use to Improve energy efficiency in operating theatres
Promote primary prevention and empower patients with condition specific education
Streamline surgical pathways to reduce inefficiencles and minimise unnecessary interventions
Advocate for sustainable procurement and ethical supply chains
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Chapter 2

Optimisation prior to surgery
Gregory Warren, Scarlett McNally

ABSTRACT

There is overwhelming evidence that preoperative preparation can reduce complications
of surgery by around 50% and length of stay by 1-2 days (including potential day surgery
options).

Seven interventions are proven to reduce complications: Smoking cessation, exercise,
nutrition, alcohol moderation, medication and senior clinician review, psychological
preparation, and practical preparation.

An operation is a ‘teachable moment! All perioperative staff should learn motivational
interviewing. Early screening helps to detect modifiable risk factors and target
interventions. Functional capacity may be tested formally or simply.

Frailty, diabetes, anaemia and multiple comorbidities increase complication risk
several-fold. Resources at www.cpoc.org.uk can assist management of these.

INTRODUCTION

In recent decades, surgical techniques have become ever more refined and data collection
has contributed to improved outcomes, reducing unwarranted variation between
surgeons and units. Within the population, however, there is increasing comorbidity and
ill-health. These contribute greatly to the risks of surgery. The model of the patient as a
passive recipient of care persists. While all patients have a form of preassessment before
surgery, this can be focussed on documentation rather than optimisation. Many risks are
modifiable. There is a finite number of options to improve outcomes. It is far better if the
who!s team contributes to optimisation of every patient. Every opportunity should be used
for thiz. Complications occur in 10-15% of operations [1]. Up to 14% of patients express
regret after surgery [2]. People living with frailty [3], or those who are physically inactive
[4], have four times the rate of complications. Even in patients presenting for emergency
or urgent surgery, there are factors which can be optimised. The concept of ‘perioperative

Gregory Warren MBBS BSc PGCert FRCA, Consultant Anaesthetist, Torbay, UK
E-mall: Gregory.warren1@nhs.net

Scarlett McNally MB BChir, Consultant Orthopaedic surgeon, Eastbourne, UK
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care’ involves improving multiple small teps, akin to marginal gains in a ‘Formula One
racing car’ team strategy. In the UK, the Centre for Petfoperative Care (www.cpoc.org.uk)
has evidence [5] that a perfoperative approach reduces complications by 50%, length of stay
by 1-2 days and critical care requirements, It also improves patient’s satlsfaction and staff
morale. There are seven aspects of preoperative optimisation that can reduce complications
by around 50%: Smoking cessation, nutrition, exercise, alcohol moderatlon, medication
review with medical assessment, psychological preparedness with attentlon to mental
health and physical preparedness.

Ten million surgical procedures occur every year In the UK [6], Many complications
are predictable and to some extent preventable. Over 250,000 of these patients are
categorised as ‘high risk; with a risk of death of over 5% [7]. In the UK, 50% of operations
[7] that require a general or regional anaesthetic are performed In patients over the age
of 65 years, a cohort where 41% are classified as completely physically inactive [8] and
62% have two or more long-term conditions [9]. The greatest reduction in risk occurs for
people moving from completely inactive to moderately inactive, so every intervention is
worth achieving.

Who is optimisation aimed at?

Every person who is contemplating surgery should ensure they are optimised physically
and mentally for the surgery. The healthcare team and their family should support this.
A screening assessment should be undertaken early, e.g. when the patient is referred

10 a surgeon. Some organisations collect screening information from the patient in the
outpatient clinic. This allows time to prepare. The waiting list should be considered a
preparation list [10].

Shared decision making (SDM) should be undertaken for every patient - especially
where the risks and benefits are delicately balanced. This involves the patient discussing
with a senior clinician the Benefits, Risks, Alternatives and do-Nothing option, or ‘BRAN’
[11]. When older patients discuss their options with a senior geriatrician, 15% decide not to
proceed with surgery [12]. This also reduces complications and regret.

Patents undergoing cancer treatment should also prepare - the Macmillan programme
reporied that patients found this empowering [13].

A patients should be offered general advice. Screening should identify those who would
benef frum targeted advice. Improving fitness and readiness for surgery in all patients
may also allow many to be considered for ‘Day Case’ surgery. There is currently a two-
fold variation in hetween regions for similar procedures in whether a patient is admitted
overnight or treated as a day case. More day surgery is better for patients and more efficient

for the service.

How should optimisation be delivered?

Even patients on an emergency or urgent pathway can benefit from optimisation. This may
involve organisations developing pathways to anticipate care needs. For example, pain
management for patients with hip fractures can be optimised by having the facility to offer
a fascia iliaca block preoperatively instead of opiates, to improve postoperative breathing
and cognition.

For elective or planned patients, the preoperative assessment clinic (POAC)
appointment can occur too late to maximise opportunities, Optimisation should be built
into the pathways. Early screening of each patient should be monitored to identily how
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much intervention to start. Most patients should recelve general advice, such as in a nurse-
led service, supplemented by other resources [14], Some organisations use a group ‘surgery
school’ to advise and optimise patients, particularly for orthopaedic procedures. These are
more effective when they are localised and personalised to the patient. Some use Apps or
other services. Screening should identify patients who are at high-risk and they should be
offered specialist medical review, This should Include SDM - whether the operation should
occur, which risk factors are fixed and which are modifiable, and what interventions to try
for optimisation,

All staff should be taught motivational interviewing, using resources at
www.movingmedicine.ac.uk or "Making Livery Contact Count! ‘This Is part of a "Trans-
Disciplinary approach’ [15] with all perioperative stall sharing simple skills, rather than a
‘multidisciplinary team’ approach which can mean patients wait for a specialist who may

not be available,

SCREENING AND RISK ASSESSMENT

Screening uses a set of questions or investigations designed to have the discriminative
quality to identify those at increased risk of adverse health outcomes, who may

benefit from individualised risk assessment and optimisation. The earlier in the
perioperative pathway this happens, the longer a patient has to address risk factors.
The Australian and New Zealand College of Anaesthetists and the UK-based Centre for
Perioperative Care (CPOC) have both set out standards for preoperative assessment
[16,17] and optimisation, which recommend initial patient screening via an electronic
questionnaire. Once validated by a POAC nurse, this will enable streaming of patients
into a nurse led clinic (virtual or face to face), or toward a physician led clinic for high-
risk patients.

Screening measures are also used to highlight those at risk of undiagnosed conditions
such as anaemia, sleep disordered breathing, frailty, cognitive impairment, nutritional
deficiencies and difficult to manage pain. If undiagnosed, or poorly controlled in the
perioperative period, these contribute to an elevated perioperative risk profile.

All patients should have, and be informed about, an individualised risk assessment. For
example, a risk model such as the ‘Surgical Outcomes Risk Tool (SORT)’ can be performed
instantly on www.sortsurgery.com, in addition to experienced clinical judgement and an
estimate of 30-day mortality can be calculated.

Patients who are at lower risk of complications, due to their preoperative status or the
minor nature of surgery, can proceed with standard perioperative care involving generic
advice.

FUNCTIONAL CAPACITY

A patient’s functional capacity is the term used to describe their ability to perform daily
tasks or exert themselves. Functional capacity is a surrogate marker of the aerobic capacity
of a patient, or how well patients can match an increase in demand for oxygen, with an
increased supply. This is reduced in many disease states and declines with age [18].

‘There is a focus on functional capacity because it has been shown to predict outcomes in
terms of complications, length of stay and mortality and, therefore, plays an important role
in identifying those patients at high risk, due to poor physiological reserve,
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Functional capacity can be assessed subjectively via simple questionnaires, such as the
DASI (Duke Activity Status Index). This is a validated measure of cardiopulmonary fitness
and uses self-reported maximum activity levels to estimate a peak oxygen consumption in
terms of ‘metabolic equivalents' or METs. One MET is equal to basal metabolic rate at 3.5
mL/0,/kg/min being consumed. The score has been shown to predict adverse outcomes
such as mortality, myocardial ischaemia and complications [19].

A low score on the DASI questionnaire should prompt objective measurement of
a patient's functional capacity, whereby a patient Is asked to exercise In a monitored
environment. The gold standard assessment method is cardiopulmonary exercise testing
(CPET). Simpler measures may be used that do not require speclalist equipment. These
include the 6-minute walk test (GMWT), incremental shuttle walk test, timed up and go
and 'sit to stand in 1 minute’ test. They all involve repetitions of an activity within a time
limit. Distance achieved, or number of repetitions can provide insight into fitness. Staff are
encouraged to use these to help patients to set goals for prehabilitation.

Perioperative CPET has a number of indications and values derived from CPET have
been shown to predict all-cause mortality [20], prolonged length of stay [21] and 5-year
survival [22]. Along with its role in risk stratification to inform SDM and appropriate level
of postoperative care, it can guide prehabilitation and rehabilitation programmes and
diagnose occult cardiac or respiratory disease [23]. While a full review of CPET conduct and
interpretation is beyond the scope of this chapter, the following is a brief description of the
basic principles and indices obtained.

Cardiopulmonary exercise testing is a noninvasive assessment of the cardiopulmonary
system at rest and exercise [24]. Most commonly, the patient sits on a cycle ergometer
and standard monitoring is attached, along with a mouthpiece which measures inspired
and expired oxygen and carbon dioxide, along with gas flow. This enables calculation
of oxygen consumption (VO,) and carbon dioxide production (VCO,). The test lasts
approximately 15 minutes and following a period of unloaded cycling, the patient pedals
against a resistance, which ramps up with time, in order to achieve maximal effort around
the 10-minute mark.

\enitoring enables tracking of the physiological response to exercise. During aerobic
excrese healthy individuals generate an increase in heart rate and stroke volume, which

e es cardizc output linearly with oxygen demand. There is also a linear increase in
c.roon diexide production which drives a rise in minute ventilation (VE), a product of
rewpiretory rate and tidal volume. Plotting these variables over work, time or each other
allows interpretation of physiological response to exercise. Table 2.1 highlights three
variables which are commonly used to assess risk. The patient is also monitored for the
presence of any inducible ischaemia on ECG or fall in peripheral oxygen saturation, which
may warrant further investigation.

An experienced clinician brings together information about a patient’s comorbidities,
magnitude of surgery and measures of functional capacity, with a subjective global
assessment, to form the basis of individualised assessment of risk. This is usually expressed
in terms of the likelihood of dying within 30 days of the proposed surgical procedure,
or inability to get back to a preoperative functional baseline, This is then discussed with
the patient in the context of their wishes, as part of SDM. It is also important to consider
modifiable risk factors and fixed risk factors. Patients can improve their fitness with regular
exercise and a medical review may help to optimise medical conditions. Earlier SDM
conversations allow patients time to consider what their goals are.



Table 2.1 Overview of cardiopulmonary exerclse testing (CPET) variables

Explanation

CPET Index

Peak VO,
(mL/kg/min)

Anaerobic .
threshold

(AT) (mLka/
min}

VENECO,

Peak rate of oxygen consumptlon
(L kg/min) oxygen consumption
at point test s terminated

Oxygen consumption (mL/kg/
min) (VO,) when anaeroble
metabollsm lakes over from
acrobie metabollsim

Anaerable resplration produces
lactic acid, buffered by
bicarbonate, causes a step
increase in CO, production

Ventilatory efficiency = Minute
wventilation divided by CO,
production

If a high-minute ventilation is
required to breathe off a lower
level of CO, preduction, this is
inefficient and can highlight
ventilatory insufficiency

Clinlcal use

May be unrellable -
dependent on effort and
engagement of true fitness

» AT occurs before peak
Vo,

o AT s less effort
dependent

+  After AT, CO,
production Increases
more steeply than O,
consumption (Aerobic,
0, consumption = CO,
production)

For example; A patient with
respiratory disease will have
a higher minute ventilation
for a given level of CO,
production due to impaired
gas exchange in lungs

Exercise

Motable values

Peak VO, < 15 mL O,/kg/min
= greater risk of perioperative
complications [21]

AT < 10.2 mL O,/ka/min has
greater risk of perioperative
complications [25]

VENEEOT > 34 is associated
with adverse perioperative
outcomes [20]

EXERCISE

Major surgery represents a premeditated physiological stress which is comparable to
running a marathon [26]. Surgical trauma elicits a proportionate cascade of homeostatic
responses known collectively as the stress response. Impulses travelling along afferent
nerves and release of cytokines from the site of trauma stimulate the hypothalamic-
pituitary-adrenal (HPA) axis, leading to increased sympathetic tone and a range

of haemodynamic, endocrine and immune responses. The body enters a state of
hypercatabolism which mobilises stores of carbohydrate, fat and protein for use as energy
and tissue repair substrate [27]. Upregulation of the immune system leads to local and
systemic inflammation with activation of the innate and adaptive immune response,
Overall, cell metabolic activity increases oxygen consumption within the tissues by 504 for
several days after surgery [28]. Efforts to maintain an increased delivery of oxygen to tissues
drives haemodynamic compensation via tachycardia, hypertension and water retention.
Inability to meet this prolonged increase in oxygen demand may place organs or tissues
into oxygen debt. Blood is redistributed towards muscles; splanchnic vasoconstriction
further renders the gut and kidneys vulnerable to ischaemia, which may increase risk of
anastomotic breakdown or kidney injury. Patients with coronary artery disease are atan
increased risk of myocardial ischaemia, due to increased cardiac workload and blood

viscosity.

How well this stress response is tolerated will depend on a patient's ability to withstand
the catabolic nature of the stress response, without decompensating or losing the ability to
perform activities of daily living and dipping into a more dependent state, This will largely
be determined by preoperative physical reserve of the patient, i.e, how much muscle they
can lose without impacting their functional capacity [29].
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’ —  Figure 2.1 The prehabilitation
Preoperative _ Recoveryand rehabllitation concept. (a) All patients undergoing
1 & 1 surgery experience a reduction in
r ) 3 = 1 functional status postoperatively
R followed by a recovery period,

Functional (b} Patients suffering a complication
status c | may experience a slower and

indepandant == o 3 incomplete recovery threatening
/ v d | longer-term Independence.
" Line of dependenc

=

¥ (c) Prehabilitated patients are

b | better placed to cope. (d) Should a
- complication occur, prehabilitation
might be crucial to safeguarding
longer-term functional status and
Time independence [1].

Adapted from Durrand J, Singh 5),
Danjoux G. Prehabilitation. Clin Med
2019, 19:6,

Dependent

Exercise programmes aim to prepare patients for this impending marathon by
increasing both their physical reserve and metabolic capacity, i.e. their ability to keep up
with metabolic demands. Figure 2.1 represents the benefits of prehabilitation for patients
in terms of functional status over the perioperative period.

Surgery presents an opportunity to support patients to make positive lifestyle changes.
When discussed in the context of the potential for risk reduction and better recovery during
the perioperative period, this added motivation can have positive effects on adherence to
lifestyle changes leading up to surgery and beyond [30]. With one-third of adults in the UK
classed as physically inactive [31], harnessing the power of the ‘teachable moment’ will
form an important part of engaging them with exercise programmes.

Advice on exercise in line with the Chief Medical Officer’s 2019 recommendations [32]
should be given to all those undergoing surgery, along with information on the benefits
of irnp» oved physical fitness on postoperative complications, length of hospital stay and
guality of life (QoL) [17].

Targeted preoperative exercise training programmes should be offered to all patients
undergoing elective major surgery. Where resources are limited, these services may be
prioritised to those at high risk of complications, such as those with low cardiorespiratory
fitness, those who have comorbidities that may be improved with exercise, those having
preoperative chemo- or radiotherapy or patients over 70 years old [33]. Advancing age
is associated with decreased physical activity, aerobic fitness and lean muscle mass
(sarcopaenia), which is an independent risk factor for poor outcomes [34], and prevents
postoperative mobilisation. Preoperative exercise training should be part of a multimodal
approach to prehabilitation including medical optimisation, smoking cessation,
psychological preparedness, nutrition and alcohol reduction as discussed further in this
chapter. In order to track response to training and evaluate services, training programmes
are bookended by pre- and postintervention assessment of fitness, e.g. CPET or 6MWT
and Qol.

Healthcare professionals should have a basic understanding of the importance of
exercise training and how to explore knowledge and beliefs to help an individual patient
to get started, perhaps using resources at www.movingmedicine.ac.uk. Time should be
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taken to discuss the benefits of training programmes such as reduced complications

[35], tumour regression [36] and improved Qol. [33]. An exerclse programme should be

presented to the patient as an integral part of thelr perioperative pathway rather than an

optional add-on.

Patients should have a simple screening for the few contraindications to exercise,
including uncontrolled cardiovascular disease (nortic stenosls, hypertension, unstable
angina and arrhythmias) or current acute {liness. 'This can also provide an opportunity
to assess and optimise medical comorbidities, Exercise tralning s recognised as a safe
intervention, with no serious adverse events reported In a recent literature review [33).
Itis advised that initial exercise sessions take place under supervision of professionals,
with appropriate expertise due to improved adherence, which may be in a community
facility. Simply encouraging patients to be active every day and add strength (e.g. sit to
stand in 1 minute) may have value in motivated patients. Formal exercise plans tend
to include a mixture of aerobic, resistance and inspiratory muscle training with the
proportion of each modality tailored to an individual patient’s preoperative status and
risk profile.
¢ Aerobic exercise - increases cardiorespiratory fitness, typically 3-7 sessions per week.

Variations include: "Moderate continuous’ (sustained below anaerobic threshold) or

‘High-intensity interval training’ includes exercising above their AT. Consider a target

of maximum heart rate or level of exertion or breathlessness (rated numerically via the

Borg scale). Examples: Cycle ergometer, treadmill or cross trainer.
 Resistance training - two to four times per week, develops lean muscle mass. This

preserves strength, hence, reducing falls or decline in functional capacity [33]. Uses

body weight, elastic resistance bands or fixed resistance machines focus on improving
functional strength required to stand from sitting or climb stairs.

s [Inspiratory muscle training - reduces postoperative pulmonary complications and
morbidity [37]. Patients are trained to breathe against a fixed resistance with an
inspiratory threshold device.

Exercise training should be commenced as early as possible in the patient journey
for the greatest effect. Meaningful improvements in fitness can be attained in as little as
2 (38] to 4 [39] weeks, with the least fit patients making the most rapid improvements.
Interval training has been shown to increase fitness in less time than moderate continuous
training [40]. Evidence also suggests that exercise training can reverse the negative impacts
of neoadjuvant chemoradiotherapy on physical fitness, in the short period between
completion and surgery [41].

Supporting patients to set goals, keep an exercise diary, identify barriers to exercise and
partake in supervised sessions, will improve motivation and compliance with exercise
plans. Providing written information and signposting to exercise resources and support
groups will also help. There is evidence to suggest that positive changes made in the
perioperative period are more likely be sustained following recovery [26].

MEDICAL OPTIMISATION

The proportion of older people varies by country. Over half of emergency colorectal

operations in the USA are performed on elderly patients [42] and by 2030, it is predicted that

20% of UK patients over the age of 75 years will undergo surgery each year [43]. Increased

age is associated with inactivity, comorbidity and multisystem conditions such as frailty [44]).
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Patients will, therefore, present with the primary surgical problem accompan ied by a range
of long-term conditions, which will require optimisation and management throughout their
surgical journey. In the UK, 62% of people over 65 have multiple medical conditions [9],
which is an independent risk factor for poor surgical outcomes, Including complications
after surgery. Frailty alone is associated with a five-fold increase in complications [3]. Elderly
patients, therefore, comprise the majority of patients classified as ‘high risk:

The components of effective medical optimisation Include recognition of
comorbidities, assessment of disease control, holistie review of the patient, medication
review and management of specific comorbidities. "Ihis process includes the
multidisciplinary perioperative team and should commence in primary care, as soon
as surgery is contemplated [17]. When completing a surgical referral, primary care
practitioners will ideally include a minimum level of information including BMI,
cardiovascular observations, recent haemoglobin (Hb), glycosylated haemoglobin
(HbA1c) and an assessment of frailty, e.g. Rockwood clinical frailty score [45]. This should
prompt pre-emptive review and optimisation of any poorly controlled comorbidities in the
community.

Patients with mutimorbidity, old age or associated conditions such as frailty and cognitive
impairment, require a holistic review of their medical, functional and psychosocial domains
and benefit from referral to a specialist multidisciplinary geriatric service [e.g. POPS (46)].
This is achieved via methodologies such as comprehensive geriatric assessment (CGA)
during which investigations and discussion can occur at a single clinic visit. These services
are well placed to facilitate high-quality SDM which leads to 15% of older people deciding
against surgery following discussion [12]. Output from CGA ranges from new diagnoses,
rationalisation of polypharmacy, lifestyle advice and therapeutic interventions [12]. CGA
also aligns well with multimodal prehabilitation programmes and, when integrated into
perioperative pathways, can reduce duplication of work.

Poorly controlled comorbidities increase perioperative risk by contributing to inactivity,
poor physical fitness and functional status. A common health belief in patients with long-
term conditions is that their condition precludes them from exercise. On the contrary,
exercise can reduce dementia, diabetes, bowel cancer and depression by over 30% and
improve health in these and almost all other long-term conditions [47].

Some conditons will predispose patients to specific risks and require appropriate
management plans for the perioperative period, such as those listed in Table 2.2 along with
obstructive sleep apnoea and those at increased risk of poor perioperative pain control [17].
It is important to integrate best practice guidelines for standardised management of these
conditions into perioperative pathways, to ensure timely detection and management by
teams with appropriate expertise.

Nutrition

Preoperative malnutrition is common and is present in up to 65% of patients undergoing
general surgery [51]. It is important to detect, manage and prevent malnutrition throughout
the perioperative pathway, Poor preoperative nutritional state is an independent risk factor
for infection, mortality, length of stay and increased healthcare costs [52].

As discussed previously, the stress response to surgery leads to a catabolic state,
where proteins are broken down into constituent amino acids for synthesis of glucose,
inflammatory proteins and immune factors leading to loss of mass from skeletal
muscle, respiratory and gut tissues [53). This catabolic state may remain elevated for
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Comorbidity Rationale for optimisation Key principles for preoperative optimisation
Anaemia » >1/3 having major surgery are Use ‘patlent blood management”;
anaemic preoperatively Detecifon/management of anaem/a:

] = » <3 times rate of complications + Dlagnose early, Investigate cause
:ﬁ:;::‘i:ﬂj;;ﬂme As an independent risk factor, «  Conslder oral lron. Warks In 4 weeks but Is
(48] 9 anaeimla causes 20% more poorly absorbed from the gut In Inflammation

complications + Mutritlonal advice and patlent’s Information
»  Poorer wound healing, slower + Conslder IV Iran when oral Iron Is Ineffective,
maobilisation and an increased risk contralndicated or not tolerated or if the
of death procedure Is within 4 weeks
» Blood transfusion Itself carrles risks  Minimisation of blood foss:
« Manage anticoagulants and antiplatelets
+ Consider tranexamic acid or cell salvage
Optimise the patient’s physiological tolerance of
anaemia
Diabetes » 15% of all operative procedures are  Standardised referral form including:
in patients with diabetes s HbA1c within 3 months of referral
» Diabetes canincrease length of stay « Control comorbidities and medications
Sotrce: CPOCHA9) by 3 days postoperatively If HbATc = 63 mmol/mol (8.5%) refer for
» HbAlc> 69 mmol/mol is associated  optimisation
infections, poor wound healingand  Individualised plan:
increased length of stay = Pre-and postsurgery medication changes
» Patients must have access to day » Day surgery if possible
surgery and not be presumed to be  On admission:
high risk = Ensure medicines reconciliation
« Use pregperative plan
« Maintain CBG at 6-12 mmaol/L
«  Minimise fasting period
Frailty « 300,000 older people living with Primary care referral:
frailty undergo surgery each year « Start SDM including nonsurgical options
Source: CPOC « Frailty Ieadf to inr_fe:asa-d ratvles of . Ff.l'.ake E\rer:.r.C::-lnta‘ct Count; medical and
and BGS Frailty postoperative hospital acquired lifestyle optimisation
Guidelines [50] geriatric syndromes, complications, « Referral to include frailty score, presence,
mortality and adverse patient severity and management of comorbidities.
reported outcomes such as quality Presence of advance directives or power of
of life and loss of independence attorney for health and welfare
+ Perioperative complications Surgical and preoperative assessment outpatient
commaon with frailty (e.g. services:
delirium, falls, hospital acquired « Use information from primary care
deconditioning and complex » Reassess and document frailty
discharge issues) « Refer to perioperative frailty team/other
services for optimisation
« Discuss patient’s wishes and agree treatment
escalation plan
» Undertake SOM including discussion about
nonsurgical and palliative surgical options
L » Plan admission and discharge P

months following surgery. Malnourished patients and those with sarcopaenia are less
able to cope with the multifactorial reduction in lean muscle mass and clinically, this
may manifest in falls, loss of independence and delayed discharge from hospital due to

social concerns,

Early detection of malnutrition requires routine screening for risk factors that predispose
a patient to poor nutritional status, Available clinical tools include the Malnutrition
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[ Y Figure 2.2 Duke university
Step 1 Step 2 Step 3 precperative nutrition score (PONS).
BMI Weight loss score  Intake score (Modified) | Any score 21 signifies malnutrition
BMI <18.5 kg/m? Hawve you lost Have you been risk, and “.“:‘ patler1_t should receive
(<20 if age >65 years) | >4 kg of weight In ealing <50% of preoperative nu.irmnn therapy
: last 3 manths your normal diet before undergoing surgery. (POET)
! without trying? in preceding week? Peripperative enhancement team
' [54]; Alburmin 3.0 is in units of g/dL,
l which equates to 30 g/L, vitamin D
: units of ng/mL.
i Any yes answers | Adapted fram Gillis C, Wischreyer
And/Or PE. Pre-operative nuarilipn and
e — the elective surgical patient: why,
Albumin <3.0 Duke PONS Score | how and what? Anaesthesia 2019;
Vitamin D <20 for preoperative 74(51):27-35.
l - nutrition screening
POET nutrition
clinic intervention

Universal Screening Tool and the Perioperative nutrition score which is based on MUST but
adapted for perioperative use including serum albumin (Figure 2.2) [54].

If possible, patients with or at risk of malnutrition should be referred to a dietician
for a comprehensive nutrition assessment, which includes a personalised approach to
nutrition. Surgical patients will have a variety of reasons for inadequate nutrition such as
inflammation, low absorption, difficulty swallowing, nausea and mechanical obstruction. A
personalised management plan, which aims to overcome barriers to nutrition, may include
high-protein diet, oral nutritional supplements and fortified foods or enteral/parenteral
nutrition [54].

Recovery from surgery depends on adequate preoperative nutritional reserve to
support stress induced catabolism. Transitioning from a protein deficit to an overall
increase in body protein facilitates protein anabolism, which is essential in maintaining
lean mass. This can be achieved by optimising dietary protein intake in line with
recommendations of 1.2-1.6 g/kg/day which will stimulate muscle growth on its own.
Pairing this with a resistance training programme exerts an independent and additive
effect on protein anabolism [54].

Obese patients should not be assumed to be well-nourished and their assessment
and management should take a multidisciplinary approach. Obesity-related sarcopaenia
exists and confers its own challenges, leading to increased morbidity and mortality. Fat
infiltration into muscle (myosteatosis) is a marker of muscle quality and predicts a longer
length of admission [55)].

Smoking cessation

Smoking cessation remains the single most important intervention in terms of
perioperative risk reduction. One quarter of surgical patients smoke [56] and the
behaviours of those who remain active smokers, despite widely publicised adverse effects,
may be harder to change [57]. Smoking has been consistently linked to increased risk of
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poor wound healing, surgical site infection postoperative pulmonary and cardiovascular
complications [58].

Smoking has well-documented adverse effects on both respiratory and cardiovascular
physiology and immune response, which limit a patient’s ability to meet metabolic
demands in the perioperative period and underpin complications secondary to impaired
oxygen delivery, immune function and sputum clearance. Evidence suggests that cessation
4 weeks prior to surgery leads to a reduction in complications. However, even smoking
cessation 24 hours prior to surgery will increase oxygen carrying capacity of the blood and
reduce cardiac workload |58].

All healtheare workers have a responsibility to engage with patients on the risks of
smoking and offer appropriate support for cessation. This should remain a key message
from contemplation of surgery throughout the patient journey. Ideally, prehabilitation
services will include a smoking cessation supportt team, or have formed links with
community initiatives. Behaviour changes in the perfoperative perlod can lead to sustained
abstinence from smoking [58).

Interventions to affect change in behaviour in smokers usually include advice, support
and nicotine replacement therapy. Programmes classified as either low or high intensity,
with the latter including weekly contact with patients, both have evidence supporting
an effect on cessation [58]. The introduction of devices for monitoring exhaled carbon
monoxide has shown increases in willingness to quit and referral to smoking cessation
services [59). Carbon monoxide monitors can be easily integrated into preoperative
assessment services and used as a fulcrum around which to base smoking cessation efforts.

Alcohol reduction

Hazardous levels of alcohol intake cover a broad spectrum, ranging from drinking
more than the recommended limit of 14 units a week, referred to as ‘increased risk’
drinking, to complex alcohol dependence with end-organ disease, hallucinations
and withdrawal. Around one in five elective surgical patient show features of alcohol
dependency [60].

Alcohol-related harm increases in a dose-dependent manner, rendering patients
at the severe end of the spectrum at the highest risk of individual harm. Perioperative
interventions primarily target those who drink more than the recommended limits but
who are not dependent, as larger patient numbers in this group lead to higher levels of
population harm [61].

Even in those without evidence of alcohol related liver, pancreas or neurological
dysfunction, excess alcohol has adverse effects on immune response, coagulation,
cardiovascular system and endocrine response to surgery [62]. Consuming two or
more drinks a day is enough to place a patient at increased risk of experiencing related
complications, such as increased rates of infection, arrhythmia and blood loss [63].

As witi most optimisation strategies, detecting those at increased risk is a key first step
in their n:anagement. Validated screening tools such as AUDIT (Alcohol Use Disorders
Identificztion Test) questionnaire increase detection of alcohol misuse when compared to
subjective clinician assessment [61].

Interventions described in the literature can be broadly classified into either ‘intensive’
or ‘brief’ interventions. Intensive interventions take place over 4-8 weeks and aim to
achieve complete abstinence from alcohol. They include patient’s empowerment, support,

27



28

——r,

Optimisation prior to surgery

education and may involve the use of pharmacological adjuncts such as disulfiram.
Intensive interventions can reduce the number of postoperative complications, increase
the number successfully quitting, and reduce postoperative alcohol consumption after the
intervention [62].

Brief interventions are based around motivational interviewing techniques, advice
and patient’s empowerment and last for 5-30 minutes. They aim to reduce alcohol intake
through goal setting, With the evidence base [or reduced alcohol consumption mainly in
primary care [61], these less resource intensive programmes are well suited for integration
into perioperative care pathways.

THEORIES OF BEHAVIOUR CHANGE

There are many theories of behaviour change. The COM-B system includes Capability,
Motivation and Opportunity to change Behaviour [64]. Changing behaviour requires
knowledge, motivation, often a trigger, easily available opportunities and the skills

needed to make a change, feeling empowered or supported (e.g. by friends), a physical
environment that facilitates the change and a plan to cope with future potential failure and
persevere [47).

Different barriers are experienced by people from different backgrounds. There is a
distinction between interventions (such as behavioural support for smoking cessation)
and policies (such as taxation or fines). Environments can be adjusted to ‘nudge’ people to
make the best choice an easier choice [65].

The brain reward pathways can be harnessed, with different neurotransmitters involved
[66]. Dopamine is stimulated with rewards, so progress needs a series of goals and rewards;
serotonin increases with sunlight or group activity, such as signing up for a charity event;
oxytocin increases with physical contact and doing a good deed; and endorphins are
released with exercise but this takes 20 minutes to work, so a commitment in advance and
practical preparation can help to prevent the resolution failing.

Behaviour is often determined by the norms or expectations of a person’s culture. It can
be helpful to include family members in commitments to change behaviour. Many people
with long-term conditions are fearful of worsening their condition by making changes
[67]. Healthcare professionals have a powerful role [67] in individualising and simplilying
messages with eacli patient, e.g. ‘go for a brisk walk every day’ or ‘have days without
alcohol’ Creating new habits requires activities to be fitted into everyday life, such as active
travel or alcohol-free days.

‘Motivational interviewing' involves engaging with the patient, agreeing a focus and
then evoking the patient’s own motivation to change, followed by planning [47]. This skill
is the basis of the ‘Making Every Contact Count’ programme for all healthcare workers
[68]. This encourages staff to listen for and amplify a patient’s ‘change talk’ and refocus
their inertia to verbalise the reasons for change. Brief interventions can be highly effective,
especially at a ‘teachable moment, before surgery is where an individual is primed to
make healthier decisions. The website www.movingmedicine.ac.uk has clear resources for
patients and simple education for healthcare staff, on how to include promoting exercise
in a 1-minute consultation. The critical point is that every member of staff gives the same
message and has basic skills in supporting patients. The Centre for Perioperative Care
www.cpoc.org.uk has a repository of electronic resources for patients and educational
materials for all staff,
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SURGERY SCHOOLS

Helping patients to understand what to expect throughout their journey is an established
standard in perioperative care, which enables patients to feel more prepared and

less anxious about surgery. The course a patient takes, and speclfic aspects of their
preparation, will vary depending on hospltal, specialty and complexity of operation.
Group education strategies aim to inform, manage expectations and teach specific

skills required in the postoperative period such as crutch use, breathing exercises or
stoma care. They also represent an opportunity to provide lifestyle advice, support
behavioural change and provide a platform for prehabilitation. These group initiatives,
commonly referred to as 'Surgery schools’ are predominantly delivered face to face, as a
one-off session over a few hours, with a group of patients on a waiting list with a family
member, learning and discussing together as a peer group with staff giving advice and
information. There is a growing number of web or app-based resources [69). Evaluations
have demonstrated high levels of patient's satisfaction, improved recovery and change
in behaviours [70]. On the other hand, it is recognised that one size does not fit all, with
poorer uptake among those from deprived areas, who may have the most to gain in terms
of modifiable risk factors. Barriers to attending face-to-face programmes may include
poor mobility, travel costs and lack of confidence. Harnessing technology to provide
alternative means of participation via virtual surgery schools may overcome these
barriers and increase uptake.

CONCLUSION

The multiple opportunities for optimisation prior to surgery for every patient are often
missed. Most patients undergoing major surgery have multiple comorbidities and are
physically inactive or frail - all of which increase length of stay and the risks of complications
several-fold. There are seven key interventions that reduce complications - some by

half: smoking cessation, nutrition, exercise, alcohol moderation, medication review with
medical assessment, psychological preparedness with attention to mental health and
physical preparedness. All staff should learn about motivational interviewing and give

clear messages. Giving general advice is safe and screening should identify those who need
specific advice. Senior clinicians should be involved in risk assessments, comprehensive
geriatric assessment and Shared Decision Making (SDM). Such considerations help many
patients decide against unwarranted surgery, which reduces complications and regret.
Prehabilitation services or surgery schools deliver excellent results, but where these do not
exist, every member of the team should contribute to patient optimisation. A culture change
is needed so that the physiological insult of surgery is recognised as similar to undertaking a
marathon, Optimisation is possible - and simple education and resources from www.cpoc.
org.uk could help patients and all staff to feel confident.

Key points for clinical practice

. Complications occur in 10-15% of operations - several-fold higher if frail or physically
inactive; 14% of patients express regret
- Good perioperative care can reduce complications by around 50% and length of stay by

1-2 days
S
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+ ‘Shared Decision Making' involves the patient and a senlor clinician understanding the
patient’s values and discussing the Benefits, Risks, Alternatives and doing Nothing (BRAN)

Over half the patients for major surgery have multiple comorbidities. Following
comprehensive geriatric assessment (CGA), 15% of patients decline surgery

Seven interventions are proven fo reduce complications: Smoking cessation, exercise,
nutrition, alcohol moderation, medication review with senior clinician review, psychological
preparation with attention to mental health and practical preparation

+ Meaningful improvements in fitness can occur rapldly preoperatively through exercise

programmes and optimising nutrition, reducing muscle loss from the surgical stress
response

+ Surgery is a ‘teachable moment'and interventions can have a rapld improvement
+ Clear pathways help to plan standardised nurse-led advice for most patlents and identify

complex patients for senior clinical optimisation (see www.cpoc.org.uk)

All perioperative staff should learn to do motivational interviewing to help behaviour
change
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Recent advances in
understanding the role of
human factors in patient safety
and surgical team performance

Neil Mackenzie, Benjamin Whitworth, Rachel Oeppen, Peter Brennan

ABSTRACT

Human error is ubiquitous and occurs regularly in our personal and professional lives.
Human factors are a broad term that relates to how individuals and teams perform and
interact with each other, as well as with the environment and technology. In this chapter,
we consider the scale of medical error and various factors and techniques that can be
adopted to help reduce it, thereby improving patient safety and team working. We also

discuss the importance of optimising performance, effective communication, situational
awareness (SA) and decision making,

WHAT ARE HUMAN FACTORS?

‘Human factors (HFs) refer to environmental, organisational and job factors and human
and individual characteristics, which influence behaviour at work in a way which can

affect health and safety.’ This definition includes three interrelated factors that need to be
considered - the individual, the organisation and the job.

1. The individual: Including their personality, skills, competence (including cognitive and
physical ability), motivation and risk perception. The relationship between behaviour
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and individual characteristics is complex with some characterlstics such as personality
being innate while others such as attitudes and skills being adaptable.

2. The organisation: Including the workplace culture, leadership, methods of
communication, shift patterns and availability of resources. These factors have a
significant influence over both individual and group behaviour.

3. Thejob: Including the specific task, process and procedure design, the working
environment, the volume of work, the ergonomics and the degree of autonomy. The
physical and the mental requirements of the job can vary significantly.

In summary, HF is concerned with what people are being asked to do, who is doing it and
where they are working - all of which are influenced by wider social constructs. HF can, and
should, be included within a good safety management system and the application of HF in
healthcare can lead to improved patient safety, better team working and improved staff morale,

Human performance is variable, and we all make mistakes such as forgetting a mobile
phone or wallet. On average, these simple errors occur 5-7 times a day and are generally
accepted as inconvenient and inconsequential. However, we often fail to appreciate that
highly consequential errors in our work, which may lead to patient harm and mortality,
happen for the same reasons.

Just as we cannot prevent all day-to-day errors, we can never eliminate error in our
professional work. As surgeon and medical author Atul Gwande comments: ‘No matter
what measures are taken, doctors will sometimes falter, and it isn’t reasonable to ask that we
achieve perfection. What is reasonable is to ask that we never cease to aim for it.

Learning from mistakes and sharing lessons widely is one of the most important factors
in improving patient safety across healthcare. Furthermore, changes in ways of working,
procedure and policy design, ergonomics and attitudes toward HF can have a significant
influence over outcomes and potential error.

ERROR IN HEALTHCARE

The complex interactions between HF and human error in clinical incidents are
progressively becoming more widely understood. This includes the many factors that have
their origins in the hospitals and organisations where we work. There is often more than
one issue, or layer, that leads to error and this is readily represented by the well-known
Swiss cheese model (Figure 3.1) [1]. Collaborating factors are often multifactorial and take
place concurrently. Appreciating this fact is of fundamental importance in appreciating
the application of HF to surgery. These multifactorial issues include ones that affect us as
individuals such as tiredness, stress, repetition, distraction and multitasking. Other factors
which can impact and influence team working include loss of SA, steep or flat authority
gradients and poor communication or leadership. The introduction of the World Health
Organisation (WHO) surgical checklist has improved attitudes toward presurgery briefing
and patient safety, and the benefits of recognising and applying these HF principles to
surgery are well known [2].

Several studies have demonstrated that approximately one in 20 hospital admissions
results in some form of error and of these, one in 20, equating to one in 400 admissions,
is serious. The operating theatre is known to be one of the most high-risk areas in the

liospital due to high patient turnover, staff diversity, unfamiliar teams and a multiplicity of
procedures [3].
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Figure 3.1 The Swiss cheese model of human error. Each slice can act as a barrier.

NEVER EVENTS

Never events are defined by NHS England as ‘serious incidents that are entirely preventable
because guidance or safety recommendations providing strong systemic protective barriers
are available at a national level and should have been implemented by all healthcare
providers. Despite this, never events continue to happen and surgical procedures continue
to be a significant contributor with three categories on the list:
1. Wrong site surgery
2. Wrong implant or prosthesis
3. Retained foreign object postprocedure

According to the NHS Improvement website in the period April 2021 to March 2022,
there were a total of 407 never events, including 171 wrong site surgery, 98 retained foreign
object and 47 wrong implant or prosthesis. Therefore, surgical never events represented
77% of all reported never events and clearly represent a significant contributor to these
adverse patient safety events.

WHAT ARE THE DIFFERENT TYPES OF ERROR AND FAILURE?
The Human Factors Analysis and Classification System (HFACS) categorises failure across
four broad domains in line with James Reason'’s Swiss cheese theory (Figure 3.1) [1]. These
are:

1. Organisational influences

2. Unsafe supervision

3. Preconditions to unsafe acts

4. Unsafe acts

The theory is that in ideal situations, single errors or unsafe acts rarely happen and even
when they do, they are mitigated and there is no ensuing harm. However, occasionally, a
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combination of problems at each level accumulates and interacts resulting in a ‘perfect
storm’ of conditions which result in a serious error or accident. In the Swiss cheese
metaphor, such a combination is represented by a hole in each cheese slice perfectly
aligning to allow the accident or error trajectory to pass through (Figure 3.1). This
equates to a combination of organisational issues (such as a demoralised workforce),
poor supervision (such as unsupported staff), error-promoting conditions (such as poor
equipment) and, once the error occurs, no effective barriers to stop it causing damage
(such as warning systems).

Error and accident prevention systems must, therefore, be designed to address this
multifactorial causation and it is important to look at the whole organisation rather than
simply analysing and criticising the individual who is often the final point of failure in
a poorly designed system. Root cause and causal lactor analysis of adverse events and
incidents events frequently reveal a chain of events within the organisation leading to a
remote point of failure at an individual level, In aviation, the aircraft manufacturer Boeing
states that 80-90% of contributing error factors are within the control of the organisation,
with just 10-20% within the control of individual operators, further justifying the
exploration of system wide causal influences, rather than simply focusing on individual
performance [4].

Examples of failures in the clinical setting that can have their origin in the employing
organisation include pressures from overbooked clinics or operating theatre sessions,
meeting clinical and hospital targets and prolonged working hours without adequate
breaks. Medical error can begin to evolve well before the actual event itself because of
organisational failure. The exciting challenge is to design systems that accurately identify
and prevent the terminal point of failure which ultimately leads to patient harm.

WHAT HUMAN FACTORS IN SURGERY SHOULD WE BE
THINKING ABOUT?

Box 3.1 summarises some important HF that can contribute to and ultimately lead to
surgical error as categorised by the HFACS. These include factors which can affect us as
individuals such as tiredness and fatigue, hydration and nutritional status, emotional states
including anger and stress, multitasking and loss of SA. These will now be considered
further.

Impact of tiredness and fatigue

Commercial and military aviation both recognise how tiredness and fatigue impact on
personal performance and increase the likelihood of accidents. As a result, there are strict
rules in place for the maximum duration of work that can be undertaken without a break.
Tiredness and fatigue are both commonly found in surgical team members. Tiredness
is a state that can only be reversed by sleep. Fatigue is a more complex condition and
incorporates both physical and mental fatigue. Physical fatigue results from muscle fatigue
brought about by intense physical activity. Mental fatigue results from prolonged periods of
cognitive activity which impairs cognitive ability and can also impair physical performance.
Complex cognitive tasks, decision-making and SA all become impaired and errors become
more likely [5]. _
Taking regular short breaks, for example, during a long and complex 8-hour operation, 1§
not only beneficial to individuals and teams but it may also prevent errors from occurring.



P
What human factors in surgery should we be thinking about? | 39 ]

e = R — =
Box 3.1 Simplified Human Factors Analysis and Classification System
(HFACS) relevant to surgery
Organisational influences within the hospital:
+ Hospital targets and pressures to dellver results (either perceived or real)

Climate, process and resource management within the hospital

+ Communication, training and recognition by the senior management of human factors
responsible for possible error

Unsafe supervision:
Inadequate supervision of trainees or other healthcare staff

Failure of briefings/complacency with WHO checklist
+ Failure of the team to know what to do when things go wrong

Loss of situation awareness, especlally If not tecognised by the theatre team

Preconditions to unsafe acls:
»  Fatigue, hunger and nutritional status

+  Emotional influences (anger, personal Issues) and running late
+ Tiredness, boredom and communication Issues remember HALT

+  Environmental factors: Background nolse, distractions, lighting, ambient temperature
anvd humidity

+ Panic

Unsafe acts (less likely):

»  Unfamiliar with changes from what is seen as a ‘normal event’
Distracting and multitasking

» Operating outside of one's area of expertise or following a long period of no operating

(surgical currency)
\ J

Most people would not drive continuously for 8 hours without a break so why should it

be deemed safe to do so during surgery? A useful fact to remember is that our cognitive
function after being awake for 18 hours is equivalent to being twice over the UK legal
alcohol limit for driving. Paradoxically, taking a break can speed up the eventual finishing
time of the operation as continuing to operate when tired will lead to a progressive
degradation in cognition, performance, manual dexterity and ultimately the finishing time.
Hospitals are increasingly recognising that tired clinicians are more likely to make mistakes
and legislation such as the European working time directive (EWTD) has set limits on
maximum shift length and working week.

No one else appreciates how an individual feels if they have been operating on an
emergency throughout the night and are expected to work the following day. The simple
statement 'I don't feel safe’ is extremely powerful when discussing options with managers
and colleagues.

Importance of hydration and nutritional status

Hydration, nutrition and individual recovery are seen as important parameters in sport,
but their importance is often overlooked in the operating theatre to maintain performance
'6-8]. Even small deficits in total body water can have a significant impact on cognitive
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combination of problems at each level accumulates and interacts resulting in a ‘perfect
storm’ of conditions which result in a serious error or accident. In the Swiss cheese
metaphor, such a combination is represented by a hole in each cheese slice perfectly
aligning to allow the accident or error trajectory to pass through (Figure 3.1). This
equates to a combination of organisational issues (such as a demoralised workforce),
poor supervision (such as unsupported staff), error-promoting conditions (such as poor
equipment) and, once the error occurs, no effective barriers to stop it causing damage
(such as warning systems),

Error and accident prevention systems must, therefore, be designed to address this
multifactorial causation and it is important to look at the whole organisation rather than
simply analysing and criticising the individual who is often the final point of failure in
a poorly designed system. Root cause and causal factor analysis of adverse events and
incidents events frequently reveal a chain of events within the organisation leading to a
remote point of failure at an individual level. In aviation, the aircraft manufacturer Boeing
states that 80-90% of contributing error factors are within the control of the organisation,
with just 10-20% within the control of individual operators, further justifying the
exploration of system wide causal influences, rather than simply focusing on individual
performance [4].

Examples of failures in the clinical setting that can have their origin in the employing
organisation include pressures from overbooked clinics or operating theatre sessions,
meeting clinical and hospital targets and prolonged working hours without adequate
breaks. Medical error can begin to evolve well before the actual event itself because of
organisational failure. The exciting challenge is to design systems that accurately identify
and prevent the terminal point of failure which ultimately leads to patient harm.

WHAT HUMAN FACTORS IN SURGERY SHOULD WE BE
THINKING ABOUT?

Box 3.1 summarises some important HF that can contribute to and ultimately lead to
surgical error as categorised by the HFACS. These include factors which can affect us as
individuals such as tiredness and fatigue, hydration and nutritional status, emotional states
including anger and stress, multitasking and loss of SA. These will now be considered
further.

Impact of tiredness and fatigue

Commercial and military aviation both recognise how tiredness and fatigue impact on
personal performance and increase the likelihood of accidents. As a result, there are strict
rules in place for the maximum duration of work that can be undertaken without a break.
Tiredness and fatigue are both commonly found in surgical team members. Tiredness
is a state that can only be reversed by sleep. Fatigue is a more complex condition and
incorporates both physical and mental fatigue. Physical fatigue results from muscle fatigue
brought about by intense physical activity. Mental fatigue results from prolonged periods of
cognitive activity which impairs cognitive ability and can also impair physical performance.
Complex cognitive tasks, decision-making and SA all become impaired and errors become
more likely [5].
Taking regular short breaks, for example, during a long and complex 8-hour operation, is
not only beneficial to individuals and teams but it may also prevent errors from occurring,
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Box 3.1 Simplified Human Factors Analysis and Classification System
(HFACS) relevant to surgery

Organisational influences within the hospital:
» Hospital targets and pressures to deliver results (elther perceived o real)
Climate, process and resource management within the hospital

Communication, training and recognition by the senlor management of human factors
responsible for possible error

Unsafe supervision,
+ Inadequate supervision of tralnees or other healthcare staff

Failure of briefings/complacency with WHO checklist
» Failure of the team to know what to do when things go wrong
Loss of situation awareness, especially if not recognised by the theatre team

Preconditions to unsafe acts:
- Fatigue, hunger and nutritional status

- Emotional influences (anger, personal issues) and running late
Tiredness, boredom and communication issues remember HALT

Environmental factors: Background noise, distractions, lighting, ambient temperature
and humidity

« Panic

Unsafe acts (less likely):
- Unfamiliar with changes from what is seen as a 'normal event’

Distracting and multitasking

Operating outside of one’s area of expertise or following a long period of no operating
(surgical currency)

Most people would not drive continuously for 8 hours without a break so why should it

be deemed safe to do so during surgery? A useful fact to remember is that our cognitive
function after being awake for 18 hours is equivalent to being twice over the UK legal
alcohol limit for driving. Paradoxically, taking a break can speed up the eventual finishing
time of the operation as continuing to operate when tired will lead to a progressive
degradation in cognition, performance, manual dexterity and ultimately the finishing time.
Hospitals are increasingly recognising that tired clinicians are more likely to make mistakes
and legislation such as the European working time directive (EWTD) has set limits on
maximum shift length and working week.

No one else appreciates how an individual feels if they have been operating on an
emergency throughout the night and are expected to work the following day. The simple
statement ‘[ don't feel safe’ is extremely powerful when discussing options with managers
and colleagues.

Importance of hydration and nutritional status

Hydration, nutrition and individual recovery are seen as important parameters in sport,
but their importance is often overlooked in the operating theatre to maintain performance
[6-8]. Even small deficits in total body water can have a significant impact on cognitive
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function resulting in poor decision making, tivedness, lethargy, headaches and impatience,
a relatively modest 1-2 kg loss in body water in an average build individual has been shown
to reduce cognitive function by 15-20%. This tends to develop slowly and insidiously so
that the individual is not aware that their performance is gradually deteriorating, Good
hydration is particularly important if personal protective equipment (PPE) is being worn,
as this can increase the rate of perspiration and loss of body water, Waler requireiments

are unique to individuals and while a multitude of factors including body mass, ambient
temperature, pregnancy and diet play a role, the minimal requirement is approximately

2 L/day. Caffeine was previously thought to be a mild diuretic but recent studies have
indicated that moderate consumption does not contribute to dehydration as the water
content of the tea or coffee contributes to the total water intake and any counteracts any
diuretic effect.

Good and balanced nutrition distributed over a sensible time also helps optimise
personal performance and supports complex mental and physical tasks over a sustained
period. A well-balanced, small-portioned meal every 3-4 hours consisting of complex
carbohydrates, protein, healthy fats and dietary fibre is the optimal approach. In contrast,
erratic consumption of large meals, consisting of simple sugars or processed foods, is more
likely to produce fluctuating energy levels which can have a detrimental effect on physical
and mental performance. This is the approach taken by elite and aspiring athletes with
top performers even employing a nutritional expert to complement their physical and
psyvchological coaches. Preplanned breaks during long operating lists, clinics and on-call
periods should be adopted to ensure all team members have to opportunity to benefit from
this strategy.

Effect of emotion and stress

Stress and emotion are well known to affect physical performance and can have an adverse
effect on patient outcomes. Mental resilience and its impact on surgical performance need
to be acknowledged. Powerful emotions such as anxiety, anger or disappointment can
easily interfere with decision making, especially when trying to perform a task that requires
intense concentration and meticulous attention to detail. The atmosphere in the operating
theatre can be stressful for the whole surgical team, many will have heard colleagues raise
their voices or indeed shout. One of the reasons for this is the accumulation of minor
stressors or other factors accumulating. Most team members have an envelope of comfort
within which they can function well, but the accumulation of minor stressors can cause
them to be outside their comfort zone and become emotionally labile. During such times,
error is far more likely, not to mention the potential effect the loss of civility has on wider
team dynamics, which can lead to respect and confidence being lost.

Pausing during an operation, if it is safe to so do, to address these underlying issues is
a useful strategy that may reduce the likelihood of error. We recommend taking a short
break, again if it is safe to do so. The easily remembered pneumonic HALT - Hungry,
Anxious/Angry, Late (or lonely) and Tired - brings the above considerations together.
It is a powerful reminder of the factors that can lead to surgical error in addition to
recognising the importance and value of stopping when one or more of these elements
arise. Acknowledging the impact of stress and emotion not only helps reduce risk of error
but also benefits surgical training. It leads to a more effective and happier team working
which will ultirnately improve overall patient experience and management. 'Lonely’ has
also been included as this word introduces the idea of remembering the value of involving
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colleagues for complex cases or after a prolonged perlod of no operating (during COVID,
for example). Dual surgeon operating can be very useful In this regard [9]. Not only can
this give sugeons confidence, but It can also Improve patlent outcomes. The adage of

‘a problem shared s a problem halved' Is entirely relevant as the emotional burden of
making a difficult decislon Is shared and has the additional benefit of adding a degree of
medicolegal robustness.

Performance shaping factors

Various factors can influence or shape human performance. While some may be outside
of direct surgeon control, they are worthy of consideration during task planning and
briefings. For example, time shortage is suggested to carry a risk factor of x11 which can
manifest, or be visible to individuals or other team members, as rushing to complete a task,
or attempting to do too many things within a small-time window. Task unfamiliarity comes
with a risk factor of x17, which can be easily understood when relating to completing a

task for the first time [10]. However, this can also form the foundation of a briefing-based
discussion if a task within the team has not been completed recently or is unfamiliar.

SITUATIONAL AWARENESS

A simple definition of SA is being aware of what is going on around us now, and what
might affect us in the future. An awareness and appreciation of several factors that raise
the risk of medical error (summarised in Box 3.2) can be used to our advantage to help
improve SA for individuals and the whole team. SA is a dynamic concept and can change
quickly [11-13]. It is important to appreciate that SA can change or degrade over time

in different circumstances as does our ability (or not) to adapt to it. Scenarios in which

a surgeon may become fixated on a task, develops tunnel vision and becomes blind to
other factors that may readily occur. In such cases, surgeons can lose wider SA. This can
result in working and thinking in the here and now, rather than considering threats and
potential errors that exist in the future. This can be further exacerbated by confirmational
bias in which they overweigh indications or information that confirms the direction they
are already following. These include convincing themselves that an anatomical structure
or location is indeed what they were expecting when it is something entirely different.
Numerous errors have occurred as a result including cut ureters, bile ducts, vessels and
important nerves.

Box 3.2 Situations that might raise the chance of error situations in the
operating theatre environment. Being aware of these can help improve

situational awareness
* High physical or mental workloads
+ Interruptions and distractions during key parts of an operation

* Tasks requiring an ‘out of normal’ response and/or unanticipated new tasks
+  Multitasking

Changes in physical environment
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An appreciation of the value of SA alongside a well-briefed team, who feel empowered to
voice their concerns, provides the optimal environment to reduce the risk of medical error
taking place. Team members are constantly looking out for each other, thereby improving
patient safety and optimising the working environment. By actively thinking ahead and
effectively anticipating hopefully errors can be avoided or mitigated. The best drivers are
those who anticipate problems early and predict behaviour thereby avoiding potentially
hazardous situations. In a similar way, thinking and discussing with the team about any
potential ‘what if?’ scenarios before an operation commences can reduce the likelihood of
a startle reaction, and ensures the team is effectively prepared.

The concept of PPP - patient, procedure, people (team)-has recently been introduced as
a useful way of prompting onesell to regain wider SA when something does not seem quite
right [14]. In some circumstances, it may be the procedure that needs rediscussing first to
help regain SA. In most instances, stepping back from the acute situation, ifitis safe to do
s0, and discussing with the team is the best way to understand the problem. This introduces
a pause for reflection and helps to decide the best course of action. This tool has been
adapted from the aviation pneumonic - aviate, navigate, communicate (ANC).

TEAM BRIEF AND DEBRIEF

Surgery is a team sport and patient care is rarely, if ever, performed in isolation from
other team members. The introduction of the WHO checklist and team brief has brought
significant improvements to patient safety in the operating theatre environment. An
appreciation of team working, understanding and valuing individuals’ contributions and
reduced hierarchy all contribute toward safer patient outcomes and a more enjoyable
experience for the whole team. The way in which a briefing is conducted is paramount. It
should not be rushed and all team members should feel equally valued and empowered
to speak up if they have any concerns, without fear of retribution [15-17]. Box 3.3 provides
a summary of items that may be included in both briefing and debriefing sessions. The
team brief should also emphasise the importance of looking out for each other to reduce
the likelihood of losing SA and the importance of highlighting concerns when they see
negative factors such as tiredness and stress being expressed in others. During periods
of intense concentration, surgeons can experience attentional tunnelling, and rapidly
lose track of time. Several hours can pass, and the reliance on others to keep an eye on
the clock and suggest a short break, after perhaps 3 hours, should be considered good
practice.

Most surgical procedures have a critical time when full attention must be applied to
the task in hand. During these, safety critical times distractions must be minimised as
time away from the primary task can be detrimental to performance at a time when full
concentration is required [18-22]. These should be raised at the team brief and predictable
distractions kept to a minimum. The sterile cockpit approach (where pilots focus only on
flying below 10,000 ft with no distractions) is a valuable technique to apply in the operating
theatre (Figure 3.2).

A simple distraction such as a telephone call asking for advice during a complex part of
an operation significantly raises the risk of error. It is far better to either limit predictable
distractions (including noise) during these times or stop and focus on one task at a time
rather than trying to multitask. Some surgeons are happy to have background music
playing or for background chat during most of the procedure but will request absolute
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Box 3.3 Items to consider during a team briefing. A debrief is a powerful
way to develop and enhance team working for future operating sessions

A well-prepared team Is advantageous in that every member knows their role and looks out for
their colleagues. It can also help team members to feel valued.

Briefing:

+ Introductions, open culture, ‘please speak up if concerned’
Leadership, team working and decision-making

+  Think about the ‘whal if?' scenarios that might occur during a procedure

+ Identify the major steps and who will e doing what

+ Ask'What am/expected to do If and when something goes wrongl?’
Situational awareness - how to Intervene and communicate effectively and timely when
something does not seem rigit

Debriefing:
Consider debriefing for learning:
What went well?

+  What should we do differently next time?
«  What do you think about my performance today?

Fo—
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» Saying 'Thank you'to the team!

Figure 3.2 Anoffice view'
descending to Londan Heathrow
Airport. Below 10,000 ft, pilots focus
purely on flying with no distractions.
The same practice should be
adopted in the operating theatre
during safety critical times.

quiet during the critical stages of a procedure to ensure maximum concentration on the

task in hand.

At the end of the operating list, it is good practice to conduct a short debrief session.
This does not necessarily have to be formal, but it gives the team an opportunity to
discuss what went well, and what could be improved the next time. The power of saying
thank you to the team cannot be overemphasised. The opportunity to ask for feedback
from other team members on our own performance is also valuable and builds practice

and non-technical skills.

l
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LOWERING AUTHORITY GRADIENTS AND ENHANCING
COMMUNICATION

In aviation, the most junior airline pilotis actively encouraged to question the most senior
captain without fear [15,16]. Similarly empowering all members of the surgical team
including medical students, trainees, nurses and non-clinical staff to voice their concerns
ensures a safe working environment for everyone. It is vital to appreciate that everyone
will see the procedure from a different perspective and will have a contribution to make,
This must be managed within reason by each individual and the team leader recognised
as they are ultimately responsibility for the collective decisions. A flat hierarchy is as
dangerous as a steep one as it can lead to a situation where no one knows what anyone

is doing or the leader being unable to undertake their fundamental responsibilities.
However, what is most important to appreciate is that any team member can speak up
when concerned, without fear of retribution, with the expectation that their concern will
be listened to.

Effective communication between team members is a fundamental element of good
team working and interaction and for this, four elements are required - the sender,
receiver, message and feedback. If one of these elements is missing, or suboptimal
in some manner, communication can fail or be less effective. For example, simply
‘sending’ a message to someone cognitively engaged in a task may appear appropriate,
but without consideration for whether the receiver is ‘ready’ to receive, or without any
feedback, effective communication has failed [23,24]. The regular use of open questions
such as 'What do you think we should do? or *What would you suggest here?' are good at
bringing the team together, and ensuring the person responding is cognitively engaged
in the response, and not simply responding with an answer they feel is correct. As a rule,
the use of pronouns such as ‘pass me it or that' should be avoided, especially at safety
critical times. It is preferable to issue clear and unambiguous instructions and instead
use the correct names of the individual surgical instruments. Asking the runner to repeat
back the details is a useful technique to confirm that a message has been heard and
interpreted correctly by the receiver. Just because a team member has said something
does not automatically mean that others have heard and understood the message or
instruction. This is especially important if a runner is being sent to another theatre,
department or storeroom to collect an essential instrument or person, as otherwise
valuable time is wasted when they return with the wrong instrument or individual.

Intervention can be operationalised using a tool, with one such example described using
the mnemonic PACE. This stands for Probing, Alerting, Challenge and Emergency. This toal
can be discussed within the team briefing, and its use encouraged to ensure that suitable
and timely intervention takes place if required. Probing is commonly known as hinting and
tipping and takes place many times throughout the day. Alerting is directly stating that a
problem exists, and challenge describes the problem with a potential solution. Emergency
is when ‘stop’ would be called if appropriate, or suitable prevention of a negative event
progressing enacted. Where somebody would enter the PACE model would depend entirely
upon time available - there is little point hinting and tipping, or probing, when a threat to
patient safety is immediate. However, if one had more time - then this could be a suitable
method of commencing intervention.
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DECISION MAKING

we make tens of thousands ol remotely consclous declslons each day, and It is reasonable

to state that some decisions are more important than others. However, the process and

concept of decision making are often influenced by multiple factors, and individuals may
have significant confidence in their ability to make ‘good’ decisions [24,25]. However, our
decisions are not based upon what we do not know, but instead consider the information
we do know [26]. This means that decisions are often based on incomplete or imperfect
information, or influenced by how information is perceived or recalled from memory.

The process of arriving at a suitable decision will often utilise information that is
readily available, with the decision maker applying greater validity to that information.
This is known as the availability heuristic. Further heuristics, described as mental rule
of thumb strategies, include representativeness where decisions are based upon known
pieces of information, or mental stereotypes and transferring that known information and
knowledge to alternative questions. For example, assuming a surgeon is good because he or
she is busy or making a judgement about a hospital department because it is clean and tidy.
Lastly, anchoring, where our decisions are ada pted, or 'anchored’ to an initially received
piece of information, influencing our decisions.

Biases can also influence decision making. These can include framing where decisions
are based upon the presentation of how information is presented or ‘framed, or
confirmatory bias where information that opposes a held belief is discounted in favour of
information that supports the initial position. Furthermore, the Dunning-Kruger effect
describes one's inability to recognise one’s own incompetence or believing one is more
proficient at a task than in reality. Lastly, outcome/hindsight bias where a judgement
is made based upon the information that is available post event, failing to consider
information that was available at the time, within the context.

Much of decision making can be described by systems 1 and 2 thinking, conceptualised
by Kahneman:
¢ System 1 decision making can be described as quick, autonomous, intuitive and easy.

Sometimes, it is entirely appropriate to utilise this form of decision making, e.g. when

the brake must be suddenly applied in the car on the way home from work. However,

when attempting to solve complex problems, system 1 may be subjected to some
systematic errors.

e System 2 thinking is described as generally more conscious, logical and deliberate in
nature, but does take more cognitive effort to engage, and generally takes longer to
perform. However, it may challenge ‘feel right’ responses, that may be influenced by the
environment, our knowledge, our experience and biases and heuristics.

To ensure decision making challenges our intuition and activate a system 2 response, it
can be helpful to enact a formal process. At the start of any such process, a consideration
lor how long to complete the decision-making process should be considered. Then
the problem statement must be identified, prior to an evaluation of options, before
determining which option might be the most suitable. What follows then is a clear
delegation of responsibility and task allocation, prior to an effective review to establish
whether new information has come to light and confirm that the decision addresses the
problem statement as defined.
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In summary, HF application is essential to ensure both individuals and teams are
optimised to care for patients. Some elements are just common sense, just as stopping
for a short break regularly while driving a long distance, using the bathroom regularly
and eating our meals at consistent times. However, it can be all too easy to leave common
sense al the front door of the hospital when we come to work and adopt a different
persona who works to an artificial set of strange rules while undertaking surgical
procedures.

CONCLUSION

This chapter serves as an introduction and update vegarding the importance of human
factors in the healtheare setting. Errors are inevitable but a thorough understanding of HE
can help to prevent, significantly mitigate, and reduce the seriousness of these adverse
events.

( Key points for clinical practice

i « Human performance is variable and we all regularly make mistakes

» Approximately 1 in 20 hospital admissions has some form of preventable error - the
operating theatre is one of the highest risk places in healthcare

» Most preventable error is multifactorial, often beginning at an organisational level

Tiredness and fatigue are commonly found in surgical teams and contribute to the chances
of increased error

- Situational awareness can degrade over time. Individuals and whole teams can lose SA

- Good communication is vital and the importance of a good team briefing cannot be
overemphasised; all team members should be empowered to speak up if they have any
concerns
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Improving outcomes in
emergency surgery

Sachal Safdar, Peter McCulloch, Giles Bond-Smith

ABSTRACT

The outcomes of emergency abdominal surgery are significantly worse than those of
equivalent elective operations. Part of this disparity is due to the poorer systems available
for managing these patients. Improving outcomes, therefore, requires a focus on system
improvement.

Management should optimise rapid diagnosis and decision making by involving
experienced clinicians in manning ambulatory assessment units, with point-of-care testing
and rapid imaging. Preoperative assessment and preparation should involve anaesthetists
and physicians, using standardised protocols. Teamwork training can enhance staff co-
operation and reduce intrateam barriers.

Timely access to theatre and postoperative intensive care are essential. Surgery should
be conducted by appropriately skilled operators and systems should encourage seeking
senior help early. Standardised intraoperative care and pain relief protocols should be
designed by anaesthetists within the multidisciplinary team.

Early mobilisation programmes can minimise hospital stay. Detection and effective
management of complications is facilitated by ‘resilient’ escalation processes, and
standardised communication tools.

BACKGROUND

The impact of emergencies on hospital workload can be judged by the fact that, at any one
given time, half of all beds in the UK are occupied by patients admitted as an emergency
[1], with this proportion still increasing [2]. Emergency surgery outcomes are invariably
much worse than for equivalent elective surgery [3] and up to 15% of patients who undergo
emeargency surgery are readmitted within 30 days of discharge [4]. Part of this is because
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of the nature of the patient population - often, these patients have advanced disease and
acute decompensation, and tend to be older and in poorer general health than elective
surgery patients [5]. Resource allocation also tends to .he structured around predictable
clective surgery and the extent to which accommodation is made for emergencies is
variable and frequently inadequate. Not surprisingly, round-the-clock access availability of
emergency surgeons and nurses is linked to |.JEll'El' ouicomes,

Urgency, along with prioritisation of elective work, cm‘.nl:dnm o ensure processes [or
emergency surgery is often substandard compared to elective work - unfamiliar teams
with less experienced surgeons, often fatigued and with much less support than for
elective surgery in terms of imaging, laboratory services, intensive care, physiotherapy,
etc. Emergency surgery volume for each surgeon is also linked to better outcomes -
demonstrating the need for better clinical pathways for more inexperienced surgeons,

Systems analyses and audits of critical incidents [e.g. The Natlonal Confidentlal Enquiry
on P'erinperati\'l? Deaths (NCEPOD)] illustrate numerous ways in which systems of eqre
for emergencies are deficient, and, therefore, make the argument that emergency surgery
outcomes could potentially be improved substantially, This chapter will look at the problem
through a human factors lens, analysing the work system to detect areas for potential
improvement. It will also highlight valid scientific evidence for interventions which
could improve outcomes where this exists, and will augment this with advice, based on

practice in a large busy teaching hospital Surgical Emergency Unit, which has adopted ang
developed a set of practices based on these two sources.

PREOPERATIVE CARE

There should be no barrier to review by the surgical team. The emergency department,
general practitioners, paramedics or tertiary services should all be able to refer a patient
to an acute surgical unit with no resistance. It is quicker, more efficient and kinder to the
patient to accept these patients and exclude a surgical pathology than send them 'round
the houses’ in an effort to reduce surgical workload at the expense of other departments,

In dealing with acute emergencies, the principal tool for improving outcomes is speed,
Evidence from extensive investigation of speed of response has found that in-ho spital
delays (IHDs) are linked directly to surgical mortality. This should make us suspicious of
the idea of ‘acceptable delay, which might well be the window during which subsequent
complications could have been avoided.

Speed will be improved if we optimise preoperative diagnosis and assessment. Here, it
may be useful to think in terms of the enhanced recovery after surgery (ERAS) guidelines
for preoperative optimisation. These can be summarised as the following:

* Early identification of physiological derangement and intervention

Screen and monitor for sepsis - then, early imaging and su rgery in cases of sepsis
« Risk assessment for surgery

Age-related evaluation of frailty and cognitive assessment

Reversal of antithrombotic medication - then, assessment of thromboembolism risk
¢ Preanaesthetic medication, including analgesia

Preoperative glucose and electrolyte management; carbohydrate loading
* Nasogastric intubation

* Patient and family shared decision making

Rapid blood analysis is essential for correction of abnormalities. It is obviously important to
be aware of abnormalities, such as anaemia, to then better manage them intraoperatively.
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One way to achieve a rapid test is to have point-of-care testing (POCT) machines. A similar
POCT approach has been designed [or imaging, particularly ultrasound [point-of-care
ultrasound (POCUS)]. Lack of resource, especially for out of hours imaging, is an important
barrier to optimal emergency care. Acute surgery units should ideally have the same access
to X-ray, CT scans, ultrasound, MRI, etc,, as the emergency department.

Rapid access to observations, blood tests (POCT machines) and ultrasound scans
in an acute surgical unit triage can allow the clinician to have all the results inside 15
minutes of arrival. This massively improves time (o a definitive decision, which should
be under 60 minutes from time of arriving in a surgical emergency unit triage. Access to
endoscopy is another major factor in improving speed and service quality as it ensures
rapid diagnosis and management for the substantial percentage of patients requiring
flexible-sigmoidoscopy, oesophagogastroduodenoscopy (OGD) and endoscopic retrograde
cholangiopancreatography (ERCP),

Delegation of initial assessment to inexperienced staff, with Inadequate close support,
is a common factor in poor outcomes. Inefficlent work systems often impose excessive
workload on these staff, and inadequate systems for communication and cooperation
between departments mean that juniors may be unable to reach the right person, or
different departmental priorities may prevent other specialities providing the right timely
help.

Preoperative optimisation should be based on both:

1. The patient’s condition - meaning the physiological derangements such as fluids and
electrolytes, blood loss, treatment of sepsis, etc.

2. The care pathway - ensuring a timely response in terms of key components such as
antibiotic administration, CT scanning, scheduling of surgery, etc.

There is evidence for multidisciplinary teams (MDTs) resulting in better outcomes, and

qualitative evidence that useful nursing input is not adequately integrated. Lack of systems

for communicating critical information can be somewhat remedied by standardisation of a

‘shared language’; e.g. there is moderate improvement in patient outcomes when ‘situation,

background, assessment, recommendation’ (SBAR) is used.

Emergency surgery work is disorganised or delayed when decision-making is structured
around the convenience of the senior team members - deferring planning and execution
until a morning ward round, for example. Restructuring of work systems to match expertise
and manpower to need, and to eliminate avoidable delays is obviously likely to be helpful.
Similarly, it is important to understand when the peaks and troughs are throughout the day,
week and year - to ensure rota management that optimises staffing for workload. The use of
a prospective registry to collect relevant system and process data alongside outcomes has
been proposed and may help to point out areas for system improvement.

Preoperative pain relief and counselling are important in optimising recovery. Similarly,
early interaction with the operative team can help prevent unnecessary delays. Early
consultation with anaesthetic teams and intensive care teams is essential in planning
preoperative/postoperative care: Medical team consultation may be required for complex
and frail patients. There should also be clarity about level of care and priority for surgery
needs; an early discussion between senior clinical staff can smooth this process.

Standardisation of protocols for perioperative care, and escalation of concerns, can be
helpful in ensuring all aspects of preparation are considered in a timely fashion. Teamwork
between doctors and nurses can be enhanced by specific teamwork training and this
increases engagement with process improvement exercises - this is the so-called concept of
‘shared decision making!

=y
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Transfer logistics are another common problem delaying emergency surgery in many
hospitals. Porters are usually disempowered and unable to restart stalled efforts at transfer,
A standard handover, 1D and transfer protocol with the responsibilities of all parties made
clear help to standardise all sorts of handover, to streamline and improve results.

Finally, access to an ambulatory unit so that patients are not admitted to hospital just for
investigation, or to reassure the surgeon rather than the patient, greatly improves efficiency
and patient experience. However, this can only be achiev ed il experienced surgeons are the
‘gatekeepers’ who rapidly decide on which patients to manage on an outpatient basis.

ACCESS TO THEATRE AND INTRAOPERATIVE CARE

Unlike medicine, acute surgical treatment is in theatre. Without access to theatre, the
patient cannot get their definitive treatment and so stay in hospital longer, not only before
but after treatment, e.g. laparoscopic cholecystectomy patients operated on within 24 hours
of admission can usually go home the same day or within 24 hours.

Major savings in time, and improved outcomes, are likely to be brought about by having
standard operating procedures (SOPs) for common conditions such as abscesses, acute
pancreatitis, cholecystitis, gallstone-related jaundice, intractable biliary colic, diverticulitis,
rectal bleeding, pancreatitis, etc. Education is required for anaesthetic and nursing teams
as part of these SOPs, to neutralise common but inaccurate beliefs. All over the UK, e.g.,
hot laparoscopic cholecystectomy is still seen as a nonemergent pathology, despite the
evidence that the quicker a symptomatic gallbladder is treated, the less it costs the NHS and
the quicker the patient returns to work.

The WHO checklist compliance should ensure that ID checks, antibiotics, deep vein
thrombosis (DVT) prophylaxis, allergy and other safety checks are undertaken before
surgery commences. Safety checklists have the additional benefit of actually improving
team communication. Briefing the team on the plan and possible problems with their
solutions is probably the most valuable part of the checklist process but is one of the
aspects most commonly omitted or inadequately done.

Responsibility for intraoperative supportive care rests with the anaesthetist but should
be discussed with the senior surgeon. One way to pre-empt untoward events is to have
better intraoperative communication tools to increase shared situational awareness.
Control of fluid balance and cardiac output by transoesophageal echo, the use of epidurals
and nerve blocks all require team awareness and response.

Surgery should be conducted rapidly, and more experienced help requested promptly
if it seems likely to be required. There are strong cultural barriers to asking for help early,
which are deep seated and international. These cannot be overcome by exhortation but
require the introduction of systems which make such escalation mandatory in specific
circumstances. Novel analgesia methods, such as rectus sheath catheters, can improve
recovery and encourage early mobilisation of patients. Intraoperative analgesia is
evidenced as being better than postoperative analgesia alone.

POSTOPERATIVE CARE

Adequate monitoring and skilled nursing are essential in the first 12-24 hours after major
emergency surgery. Lack of resource for tertiary level care needs to be balanced against
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the risks of delay. Inappropriate delay should be avoided by early lialson between senior
clinicians and managers. In terms of the team looking after patients postoperatively,
surgical residents, who can provide round-the-clock care, have been shown to Improve
outcomes overall for patients (alone or in conjunction with other teams),

Analgesia, early mobilisation and re-establishment of enteral nutrltion and
physiotherapy should be part of the standard postoperative protocol. Physlotherapy is
low-cost, postoperative intervention to reduce complications after emergency surgery.
There is also reduced mortality when early enteral nutrition is established. Delayed
mobilisation increases the risk of readmission and of death, especially in the old and frail.
ERAS programmes in the acute setting ensure patients eat and drink and mobilise quicker.
Perioperative input, before and after the operation, can speed this process up, as well as
good patient education before the operation.

Managing complications is also a crucial part of the postoperative care of the patient.
There is some suggestion that SBAR is better implemented if used in conjunction with other
interventions [5]. The human factors interventions of a shared language for communication
about critically ill patients, and of ‘resilient’ escalation procedures, (which strengthen
rescue processes by making them more agile in adapting to rapidly evolving situations) are
currently under evaluation and are showing promise in improving the speed and quality
of escalation and treatment. The concept of ‘failure to rescue’ may be a better measure of
service quality than simple operative mortality, whose use needs to be contextualised.

If MDTs are involved, as they should be, they should also be part of discharge
planning. This would bring about a more co-ordinated discharge effort and would reduce
unnecessary stalling while awaiting input from multiple specialities, who may have visited
the patient during the current admission.

Key points for clinical practice

- Systems analyses and audits of critical incidents (e.g., NCEPOD) illustrate numerous ways in
which systems of care for emergencies are deficient and, therefore, make the argument that
emergency surgery outcomes could potentially be improved

- In dealing with acute emergencies, the principal tool for improving outcomes is speed

Lack of resource, especially for out of hours imaging, is an important barrier to optimal
emergency care '

Delegation of initial assessment to inexperienced staff, with inadequate close support, is
a common factor in poor outcomes and escalation to senior staff should be mandatory in
specific circumstances

Early consultation with anaesthetic teams and intensive care teams is essential in planning
preoperative/postoperative care; medical team consultation may be required for complex
and frail patients

Major savings in time, and improved outcomes, are likely to be brought about by having
SOPs for commaon conditions

The human factors interventions of a shared language for communication about critically
ill patients, and of ‘resilient’ escalation procedures, are currently under evaluation and are
showing promise in improving the speed and quality of escalation and treatment
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Chapter 5

Management and prevention
| of burst abdomen

Arunima Verma, Sunil Kumar
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ABSTRACT

Burst abdomen (BA), also known as ‘evisceration’ or ‘fascial dehiscence, occurs as a
postoperative complication of a laparotomy. Presentation of BA may range from 1 to
>23 days, most commonly around 7 days postoperatively. The rate of occurrence
has been reported to be 0.2-5.0% in elective surgery and 3.8-28.0% in emergency
laparotomies. BA is associated with increased length of hospital stay and morbidity, a
mortality rate of 10-30% and risk of incisional hernias of up to 33%. Various factors affect
the occurrence of BA and they are patient related, technique related and depend on the
pathology for which the surgery was done. BA is considered a preventable condition, if
due care is taken in both patient selection and technical surgical skills. BA presents with
a complex spectrum of symptoms which makes the surgical repair challenging. Research
has focussed on placement of incisions, choice of suture material, suturing technique
=nd use of adjuncts such as meshes or negative pressure devices. No single protocol is
zvailable for management of BA. The group of patients with BA is heterogenous so
hat individual patient factors need to be considered and the guidelines available can
-2 used as a basis for decision making, when considering different therapeutic
oproaches.

NTRODUCTION

the simplest definition of a burst abdomen (BA) is spontaneous opening of a surgical
vound after an abdominal operation. BA is also known as ‘evisceration’ or ‘fascial
dehiscence. A more detailed description of BA would be an unintended acute wound
failure at the level of the fascia, which presents as a postoperative complication of a
laparotomy;, after primary closure of the incision [1]. Another clinical entity, with similar
challenges as the BA, is an open abdomen (OA). However, OA is formed as a result of
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a deliberate decision not to close the fascia at the end of laparotomy and is used in the
management of critically ill patients with serious intra-abdominal conditions, such as
in damage control surgery for abdominal trauma, or in conditions causing abdominal
compartment syndrome.

A BA rate of 0.2-5.0% [2-4] in elective surgery and 3.8-28.0% [5-7] in emergency
laparotomies has been reported. The accuracy of reporting is uncertain due to different
populations and different standards or technique lor lascial closure and is probably under
reported. BA is associated with increased length of hospital stay, morbidity, mortality
10-30% [8-10] and risk of incisional hernias of up to 33% [11],

RISK FACTORS

There is no single cause for BA. Various factors affect the occurrence of BA and they are
patient related, technique related and depend on the pathology for which the surgery was
done, as listed in Table 5.1.

PATHOPHYSIOLOGY

Drainage of serosanguinous fluid from the incision precedes dehiscence in up to 84% of
cases. BA may occur during the first 24 hours after surgery, but presentation may range
from 1 to >23 days, most commonly around 7 days postoperatively. Fascial healing is a
complex process which completes over a period of 1 year. Rapid gain in strength occurs
from the 8th postoperative day, which is the beginning of the proliferative phase, and
continues up to the 2nd month, which marks the end of collagen synthesis. After 2 months,
the fascia regains almost 50% of its original strength. Two basic events seen in wound
dehiscence are decreased, wound strength and increased collagenolysis, most commonly
due to infection. As a result of infection, there is hypoperfusion of the healing linea alba,
which leads to inhibition of collagen synthesis which requires adequate oxygen supply.
Nutritional elements such as ascorbic acid and ferrous ions are also required for this
process. Degradation of collagen exceeds the synthesis of collagen in wounds of patients
with BA. Examples are shown in Figures 5.1 to 5.3.

Table 5.1 Risk factors for burst abdomen

Patient factors Intraoperative factors Postoperative factors Primary disease

+ Age>55 years « Emergency surgery « Prolonged ventilation =  Peritonitis

s Male gender + Surgical techniquefor  « Postoperative blood « Intestinal obstruction
= Intraperitoneal sepsis closure transfusion + Blunt abdominal
s Malnourishment s Suturing « Poor tissue perfusion - trauma

» Obesity + Knotting e.g. postoperative « Gastrointestinal
= Jaundice +  Suture material hypotension malignancy

» Cirrhosis « Postoperative ileus

= Uraemia + Chest complications

+ Steroids + Wound infection

«  Anaemia + Radiotherapy

« Smoking

» Diabetes mellitus

»  Sarcopenia
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Figure 5.1 Burst abdomen with
herniation of intestinal canterts
thraugh a pfannenstiel incision.

Figure 5.2 Burst abdomenina
case of exploratory laparotomy with
lemporary stoma,

Figure 5.3 Burst abdomen with
wvisible bowel loops, surgical site
infecticn and broken fascial sutures,
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PREVENTION AND MANAGEMENT OF BURST ABDOMEN

Burst abdomen is considered a preventable condition, if due care is taken in both patient
selection and technical surgical skills.

For elective surgery, patient condition should be optimised by correcting anaemia and
malnutrition and ensuring optimal control of comorbidities, such as hypertension and
diabetes. In emergency situations, these factors cannot be altered and, hence, excellent
surgical technique and good postoperative care assume even greater importance.

There are many different opinions on the optimum surgical technique for closing the
abdomen to prevent the complication of BA. Hence, this chapter will consider various
options and the supporting evidence. Research has focussed on placement of incisions,
choice of suture material, suturing technique, use of adjuncts such as meshes or negative
pressure devices,

Abdominal incisions

Many different incisions will allow access to the abdominal cavity and some are preferred
for specific conditions. However, some are more frequently associated with dehiscence
and BA.

Midline versus transverse incision

There are studies which report a lower rate of dehiscence for transverse incisions
compared to vertical incisions [12]. However, the POVATI (Postsurgical Pain Outcome

of Vertical and Transverse Abdominal Incision) trial, which was a randomised, double-
blinded equivalence trial (ISRCTN60734227), studied the frequencies of early onset of
complications (e.g. BA, postoperative pulmonary complications and wound infections)
as its primary endpoint and found that there was no difference in the rate of BA in both
groups. It also reported more wound infections in the transverse group (P = 0.02). Hence,
it concluded that the decision about the incision should be driven by surgeon preference
considering the patient's disease and anatomy [13).

However, other studies have suggested contrasting results and the recent guideline for
closure o - »dominal wall incisions, from the European and American Hernia Societies,
has propose that avoiding midline incision for laparotomies and s pecimen extraction sites
may reduce Lie risk of incisional hernia [14].

Scalpel versus electrosurgery for major abdominal incisions

Both scalpel and electrosurgery can be used to make the incision through the layers

of the abdominal wall, including subcutaneous tissue and the musculoaponeurosis,
irrespective of the technique used for skin and peritoneal incisions. Concerns associated
with electrosurgery include poor wound healing and complications such as surgical

site infection, which may predispose to BA. A Cochrane review [15] concluded no clear
difference between electrosurgery and scalpel in relation to wound infections [7.7% for
electrosurgery versus 7.4% for scalpel; risk ratio (RR) 1.07; 95% confidence interval (CI)
0.74-1.54] or wound dehiscence (2.7% for electrosurgery versus 2.4% for scalpel; RR
1.21;95% CI 0.58-2.50). Hence, currently there is insufficient evidence on the relative
effectiveness of electrosurgery compared with scalpel in abdominal surgery, so decision

makers are likely to follow current local and national guidelines until further evidence
becomes available,
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Choice of suture material

Burst abdomen, after a laparotomy, is associated with both an increased mortality rate and
complications including incisional hernias. Several trials have been carried out to identify
the ideal suture material to be used, or the type of abdominal closure to be performed (see
below), to avoid these complications. Most of the available evidence is ol low quality due
to the limitations of study designs and number of patients Included. High-quality trials are
needed to address this clinical challenge.

The first step in the pathophysiology of wound healing is the migration of inflammatory
cells to the wound. In the case of laparotomy, fascial closure is of utmost importance for
preventing BA. Fascial healing starts after inflammatory cell recruitment, which starts to
produce collagen after 2-5 days. Thereafter, the proliferation phase lasts for 3 weeks during
which type I1l collagen, consisting of thin weak fibres, is produced. This is followed by the
maturation phase where type III collagen is replaced by type I collagen, which is strong and
thick. The maturation phase is then followed by remodelling or realignment of collagen
fibres along tension lines and this can take up to a year. With this background, we can see
that the suture material chosen should have a half-life tensile strength long enough to
provide support to the healing fascia.

A meta-analysis [16], including 23 randomised controlled trials (RCTs), found no
significant differences on incisional hernia rate when comparing nonabsorbable, slowly
absorbable and fast-absorbable sutures, using the same suturing technique. No significant
difference was seen in the occurrence of incisional hernia and BA, between slowly
absorbable and nonabsorbable sutures. However, nonabsorbable sutures were associated
with prolonged wound pain and suture sinus formation [17]. The RCT [18] compared
the incidence of wound dehiscence with a delayed absorbable and a nonabsorbable
suture material, in the mass closure of vertical laparotomy wounds. It reported an overall
incidence of wound dehiscence to be 11.5% and found a significant difference in the
incidence of wound dehiscence between the two groups - 6% with Prolene and 17% with
Vicryl (X? = 05.944, 1 DE, P = 00.0148). Based on this, they recommended Prolene to be a
better and more economical suture material for closure of vertical laparotomy wounds.

There is no universal guideline for the best suture material and the ISSAAC-Trial [19],
which was a prospective multicentre historically controlled trial, was designed to evaluate
the clinical safety and efficacy of MonoMax, which is a long-term absorbable monofilament
suture, which was also used in the INSECT trial. However, it concluded that MonoMax was
a safe suture for abdominal wall closure after primary midline laparotomy, but the RCT,
including a larger number of patients, would be necessary to evaluate its efficiency in terms
of incisional hernia development. However, using slowly absorbable suture material, as it
retains its strength until the fascial tissue is healed, seems prudent.

Suturing technique

A Cochrane review [17], including 55 RCTs with a total of 19,174 participants, concluded
that the risk of wound dehiscence was not reduced or altered by suture absorption
(absorbable versus nonabsorbable sutures, RR 0.78; 95% CI 0.55-1.10, moderate-quality
evidence; or slow versus fast absorbable sutures, RR 1.55; 95% CI 0.92-2.61, moderate-
quality evidence), or closure method (mass versus layered, RR 0.69; 95% CI 0.31-1.52,
moderate-quality evidence) or closure technique (continuous versus interrupted, RR 1.21;
95% CI 0.90-1.64, moderate-quality evidence).
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The STITCH trial [20] (small bites versus large bites for closure of abdominal midline
incisions), which was a double-blind, multicentre, RCT, compared large bites suture
technique with the small bites technique for fascial closure of midline laparotomy
incisions. They concluded that the small bites suture technique was more effective than
the traditional large bites technique, for prevention of incisional hernia (1-year Incisional
hernia in small bite technique 13% and large bite technique 21%; p = 0.0220) in midline
incisions and also it was not associated with a higher rate of adverse events.

Current practice guidelines suggest continuous small-bites suturing technique, with
a slowly absorbable suture, should be used for closure of elective midline incisions [19].
The suture length (SL) to wound length (WL) (SL:WL) ratio of 4:1 is recommended [1]. The
rationale for this is that continuous suturing distributes tension better along the suture
line, leaves less foreign body in the wound and takes less time to complete, The small
bite technigue constitutes tissue bites of 5-9 mm from the wound edges to incorporate
aponeurosis only, with the stitches placed 5 mm apart to ensure adequate distribution
of tension. A slowly absorbable monofilament suture, that has more than half of the
tensile strength remaining after 6 weeks and absorption completed alter 6-8 months, is
recommended.

Continuous versus interrupted sutures for prevention of
burst abdomen

The multicentre INSECT (Interrupted or Continuous Slowly Absorbable Sutures for
Closure of Primary Elective Midline Abdominal Incisions) trial [21] found no difference
between continuous and interrupted fascial closure in elective cases but the debate
regarding the most effective strategy of abdominal wall closure in emergency laparotomies
still continues. To find further evidence to recommend optimal suturing technique in
emergency laparotomies, a single-centre RCT, the CONIAC (continuous and interrupted
abdominal-wall closure after primary emergency midline laparotomy) trial [22], has been
registered, the results of which may impact emergency laparotomy closure techniques.

Although the INSECT trial results were considered to be highly generalizable to hospitals
of all categories in developed countries treating mainly a Caucasian population, concern
existed regarding its relevance to the Asian population. The rationale for possibly having a
different technique for the Asian population is that, while the western world patients are
usually well nourished and present to surgeon within a few hours of acute abdomen, with a
risk of 2-4% for wound dehiscence, the Asian population has a very high incidence of BA in
the range of 10% or more, possibly due to high prevalence of protein calorie malnutrition,
significant incidence of tuberculosis and typhoid and delayed presentation to the surgeon
for laparotomy [23].

A multicentre RCT from India [23] looked at the advantages of interrupted X sutures
for fascial closure, while an experimental study from Spain [24] discussed the ‘double-
diabolo’ suturing method for better outcome in abdominal closure. The rationale of such
interrupted suturing method to be superior to continuous suture is that the continuous
suture has a Gigli saw effect when there is abdominal wall movement on breathing,
coughing, sneezing, micturition and defecation, as the suture moves ‘to and fro! All the
forces exerted on a thread, fixed at two points, can be described according to parameters
such as direction, angulation and the intersection of threads. Ideally, the tension is equally
distributed across the whole length of a continuous suture between the two fixed points,
making it better for withstanding forces. However, the tearing stress, separation stress and
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Figure 5.4 Prirmary fascial clasure
done with interrupted sutures
complicated by burst abdomen,

breaking stress were calculated to be highest with a double application of ‘X' like suture
configuration called ‘double diabolo. Based on this, the ‘cut out or cut through force’ of

‘X’ suture was expected to be low. It is also argued that wound dehiscence occurs due

to suture cutting through fascia and, in a continuous suture, the integrity of the entire
wound is placed on a single suture thus, if there is a cut through at a single point, the entire
suture can slacken. Despite the better results for interrupted sutures, BA can still occur
(Figure 5.4). Keeping these factors in mind, an emergency surgeon should be aware of the
risk factors of BA and should decide on the type of suturing technique accordingly.

Role of mesh augmentation in abdominal wall closure

At times after laparotomy, or in BA, it is not possible to reapproximate the fascia without
tension and closure under tension is doomed to failure. This leads to the requirement

for a fascial substitute. Many different methods have been used to close the abdomen,
ranging from simple closure of the skin over the defect, leaving the fascia and peritoneum
wide open, to doing relaxing incisions of both fascia and skin well away from the wound,
or closing the primary wound and skin grafting the resulting defect. Alternatively, mesh
augmentation has also been used and numerous meshes have been developed and
marketed for this indication. There is low-quality evidence to recommend the use of
prophylactic mesh augmentation, after elective midline laparotomy, to reduce incidence of
incisional hernia, with limited data on the occurrence of BA or mesh infection and surgical
site occurrences (SSO). An American cost-utility analysis [25] found prophylactic mesh
augmentation after suture closure of the midline in high-risk patients to be more effective
and less costly and, overall, more cost-effective than primary suture closure.

An RCT [26] conducted on 100 patients, using a supra-aponeurotic polypropylene mesh
in the primary closure of laparotomies with a high risk of incisional hernia, found that no
incisional hernia was detected in the group in which closure was done using the mesh
(P = 0.02). However, there is very little evidence to suggest use of permanent synthetic mesl
for prophylactic mesh augmentation, as some studies found biological mesl with berer
results in terms of incisional hernias and mesh explantation.

e A
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The ROCSS trial [27] (prophylactic biological mesh reinforcement versus standard
closure of stoma site), which was an RCT carried out in 37 hospitals across three European
countries, including patients above 18 years of age, compared the reinforcement of
the abdominal wall with a biological mesh at the time of stoma closure with standard
closure technique. This study supported the use of biological mesh in stoma closure site
reinforcement to reduce the early formation of incistonal hernias, as it showed significant
reduction of hernia by use of mesh without significant difference in wound Infection rate,
seroma rate, quality of life, pain scores or serious adverse events,

Another multicentric RCT [28], PROPHYlactic lmplantation of BIOlogic Mesh in
peritonitis (PROPHYBIOM), is in phase IV. 'This trial is evaluating the role of swine dermal
collagen prosthesis in the preperitoneal position, as a prophylactic procedure In patients
undergoing urgent/emergent laparotomy, in contaminated/infected field with peritonitis,
with the objective to reduce the rate of incisional hernlas from 50 to 20% and evaluate the
morbidity and mortality in this group.

Just as debates over the indications for use of mesh due to lack of high-grade evidence
persist, the evidence regarding positioning the mesh is also weak, leading to controversy
over the precise placement of the mesh with respect to the layers of the abdominal wall.
The ROCSS trial, based on consensus meeting with clinicians, used the biological mesh
in the intra-abdominal position (deep to the abdominal wall). This position was less
technically complex, had lower seroma formation rate and was not associated with any
increase in pain.

The PRIMA trial [29] (prevention of incisional hernia with prophylactic onlay and
sublay mesh reinforcement versus primary sutures only in midline laparotomies), a
multicentre, double-blind, RCT including 480 patients, used the polypropylene mesh and
recommended use of onlay mesh reinforcement, as they reported a significant reduction in
incidence of incisional hernia with onlay mesh reinforcement compared with sublay mesh
reinforcement (P = 0.05) and primary suture only (P = 0.0016). Although there was higher
seroma formation in the onlay group, the incidence of wound infection did not differ in the
groups in this trial.

The guidelines do not advise synthetic mesh prophylactically in the intraperitoneal
space, due to the increased risk of adhesive complications. Retromuscular mesh placement
has the lowast incidence of wound infection compared to other sites such as onlay mesh,
although surgical skill for retromuscular placement may not be available. Therefore,
although the onlay implantation is associated with an increased risk of $S0, it is still
recommended as it is easy to perform and, if in future incisional hernia repair is required,
the retromuscular plane remains intact.

The potential benefits of mesh augmentation in an emergency setting are considered
very minimal, due to the various indications for emergency laparotomies and types and
position of mesh used. Therefore, the final decision to use a mesh, the type of mesh and the
mesh position should be taken by the surgeon in charge, taking into account the patient's
condition and availability of resources and technique [1,14].

Role of component separation/relaxing incisions/myoplasties in

abdominal wall closure

Component separation is an elective technique for closing abdominal wall defects,
resulting from previous surgery or trauma or for large complex abdominal wall hernia.
There are some reports favouring it as an early technique (within 6 days) for closure of

e
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the OA following emergency laparotomy for penetrating trauma, or in patients suffering
severe burns requiring a decompressive laparotomy [30,31]. The abdominal wall of patients
with a BA does not present the same characteristics as an abdominal wall of an individual
who undergoes an elective hernia surgery, in terms of rigidity and oedema. Use of the
component separation technique may add potential complexity to future hernia repair

in the same patient. A small study [32] used the incision of transversus abdominus and
internal oblique muscles (Tl incision), with incision including the external oblique muscle
(TIE incision) in addition, or incision involving the Scarpa'’s fascia (TIES incision) and
reported good results in BA, However, guldelines suggest a careful and judicious evaluation
of the patient's condition and requirements before using the technique, to avoid potential
harm for future abdominal wall surgical treatment [1].

Dynamic and static abdominal wall closure

Dynamic closure techniques should be used in BA for patients who do not have
intestinal fistula and in whom definitive (primary) fascial closure is likely, within the
initial hospitalisation period. Some novel techniques for dynamic abdominal wall
closure, such as the delayed dynamic abdominal closure (DDAC) device (abdominal
retraction anchor - ABRA system), Wittmann patch, ABRA system+ negative pressure
wound therapy (NPWT), fascial traction (mesh or other) + NPWT or innovative
techniques with punctate holes made in the longitudinal axis of the surgical wound and
transfixing all layers of the abdominal wall, have also claimed good results and alleviate
the need for a prosthetic mesh, or vascularised flaps or skin graft, providing good
cosmetic results [33,34].

A novel device (Fasciotens Abdomen; Essen, Germany) (Figure 5.5), which works on the
principle of a dynamic vertical traction force on the fascia, was successfully implemented in
a series of 20 patients. This achieved early primary fascial closure within at a mean of 3 days
(0-14 days), without mesh augmentation or component separation in all cases and without
any severe complications [35]. However, early application of dynamic closure devices
is not possible if there is haemodynamic instability, persistent abdominal peritonitis,
uncontrolled source of infection or increased intra-abdominal volume due to visceral

oedema.

Figure 5.5 (a) Vertical traction
device (Fasciotens Abdomen; Essen,
Germany). (b) The main principle

of the device is the application of
dynamic vertical traction along both
fascial margins aver a clamping
system,
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Where dynamic closure is not available, static closure technique needs to be considered,
Such static closure techniques include the Bogota bag, NPWT (Figure 5.6) (commercial
and noncommercial) and Mesh bridging (inlay). Low-quality evidence from multiple
studies reported fascial closure rates of approximately 26.5% with Bogota Bag, 36.9% with
mesh bridging and 52.1% with NPWT [1]. However, there is higher incidence of fistula
formation in the mesh group with more S50, Hence, NPWT appears to be the most

effective static closure technique.
A combination of a dynamic closure device with NPWT shows a higher primary fascial
closure rate in OA but the role in BA has not been defined due to low quality of evidence.

Flgure 5.6 Moncommercial NPWT
used in BA, followed by abdominal
closure. (a) WWPT device applied,

(o) Skin and subcutaneous tissue
dehiscence needing secondary
suturing {c) Healed wound with
closure of abdominal wall post
NPWT and secondary suturing.

BA, burst abdomen; NPWT, negative
pressure wound therapy. Conlinues

oppasle,




Conclusion

Figure 5.6 Continued.

CONCLUSION

The BA presents with a complex spectrum of symptoms which makes surgical repair
challenging. Patient selection, careful planning of the incision and optimal closure
technique are all important in preventing BA. Dynamic closure techniques may be better for
abdominal wall closure once BA occurs, to prevent complications such as intra-abdominal
hypertension, abdominal compartment syndrome or enteroatmospheric fistulas, the

aim being early primary fascial closure. However, the group of patients with BA are so
heterogenous that individual patient factors need to be considered, using the guidelines
available as a basis for decision making, when considering different therapeutic approaches.

Key points for clinical practice
- Burst abdomen is spontaneous opening of a surgical wound after an abdominal operation
and is associated with high morbidity and mortality

= Riskfactors for BA are multifactorial and are patient related, technique related and dependent
on the pathology for which the surgery was done

= Burst abdomen is a preventable condition, if due care is taken in the suturing technique and
certain precautionary measures taken in patients with risk factors for BA

« Current practice guidelines suggest continuous small-bites suturing technique, with a
slowly absorbable suture for closure of clactive midline incisions with SL:WL ratio of 4:1

. Mesh augmentation for abdominal wall cicsurs, the type of mesh and the mesh position
should be balanced by the surgeon taking intu account the patient’s condition and the
availability of resources and familiarity with the technique

Component separation should be used judiciously in emergency procedures to avoid

—
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Neoadjuvant endocrine

therapy and agents for early
breast cancer

Aglaia Skolariki, Simon Lord, Ramsey | Cutress

INTRODUCTION

Neoadjuvant therapy in breast cancer, also known as presurgical or induction therapy, is
commonly used in locally advanced and inoperable disease to downstage tumours and
improve surgical outcomes by minimising the extent of the procedure in the breast and axilla.
Where mastectomy is indicated, neoadjuvant therapy can also be offered to achieve tumour
shrinkage that will allow breast-conservation surgery (BCS) and optimise cosmetic results.
More recently, the ability to determine whether a patient has residual disease following
neoadjuvant treatment has facilitated personalisation of systemic therapy intensification with
improved survival outcomes in poor responders in clinical trials [1] and practice.

Neoadjuvant therapies for breast cancer generally either include chemotherapy or
endocrine therapy (ET). Neoadjuvant chemotherapy (NCT) is typically recommended in
patients with stages Il and IIl human epidermal growth factor receptor 2 positive (HER2+)
and triple-negative breast cancer (TNBC) subtypes, as response to neoadjuvant treatment
can provide prognostic and predictive value and guide treatment decisions following
surgery in the adjuvant setting [2]. So far, NCT has also been considered the treatment of
choice to downstage tumours, albeit advances in gene signatures and gene expression
profiles (GEP) have allowed the incorporation of alternative and less toxic strategies for that
scope, including endocrine and targeted treatments.

Neoadjuvant endocrine therapy (NET) has proven to be an attractive and better-tolerated
option in patients with strongly oestrogen hormone receptor positive (HR+) cancers,
and is rapidly gaining ground in clinical practice as more evidence accumulates showing
comparable objective response (OR) and BCS rates with NCT [3-5]. ET is widely prescribed
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in the surgical setting and current guidelines recommend the use of NET in earl:-ps[agﬂ
disease settings, in patients who are not suitable for NCT or primary hormone [hEl’ﬂp}r
(hormone therapy without surgery) in those who are considered unfit for surgery. A
2014 meta-analysis of seven trials comparing surgery with primary ET in elderly Womep,
concluded that there was no evidence of overall survival (OS) benefit in favour of either
hence, supporting the use of the latter as an alternative approach [6).

Neoadjuvant endocrine therapy has also been used as 'bridging’ therapy whenp
surgery is not immediately [easible for reasons other than the disease stage. This
approach was widely adopted during the COVID-19 pandemic, as waiting times for
surgical procedures had increased and a rationalised prioritisation of resources had
to be implemented [7-9]. The B-MaP-C study gathered real-world evidence on the
preoperative use of ET as a bridge to therapy demonstrating it to be both tolerable, apg
in the short term, safe [10].

Lastly, the perioperative window from breast cancer diagnosis to definitive surgery
creates an excellent chance for window-of-opportunity trials to explore the effect of NET
and its translational potential, and to investigate the pharmacological properties and
anticancer activity of new investigational products and combinations [11,12],

TYPES OF ENDOCRINE THERAPY

There are three distinct classes of hormone therapy agents currently in use, each associated
with a different mechanism of action and toxicity profile. These include the selective
oestrogen receptor modulators (SORMs), the aromatase inhibitors (Als) and the selective
oestrogen receptor degraders or downgraders (SORDs), which work by inhibiting the
effect, and/or reducing the levels of oestrogen receptor (OR). They have been extensively
employed in the treatment of HR+ breast cancer, from the neoadjuvant to the metastatic
setting, as well as in hormone-sensitive and OR-expressing malignancies, most commonly

of gynaecologic origin [13,14].

Selective oestrogen receptor modulators

Selective oestrogen receptor modulators, previously known as anti-oestrogens, have been
designed to inhibit the OR signalling pathway, by competitively binding to ORs, thus
preventing their homodimerisation and subsequent activation of the OR transcriptional
complex, as well as their downstream effects implicated in breast cancer cell proliferation
[15-18]. The antagonistic effect of SORMs, as observed in mammary tissue, is nevertheless
not ubiquitous; their selective binding ability allows them to have both cestrogenic and
anti-oestrogenic properties, and varies according to the target tissue and OR isoform,
therefore, exhibiting a wide spectrum of anticancer and tissue-specific effects according to
their distinct molecular structure and individual pharmacodynamic profile [19-21].

Three agents have been primarily used in breast cancer treatment and these include
tamoxifen, which had been the cornerstone of ET for decades, followed by raloxifene and
toremifene [22]. Among the three, tamoxifen has been by far the most extensively studied
SORM, currently utilised in all disease settings, as well as a preventative approach in
women at high risk of breast cancer [23]. While its effect in breast tissue is antiproliferative,
its oestrogenic activity in uterine tissue has been associated with endometrial hyperplasia,
uterine fibroids and polyps, and secondary malignancies, predominantly endometrial
cancers, and sarcomas [24,25]. Toremifene shares a very similar side effect profile, but,
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interestingly, raloxifene has a neutral effect on the uterus, therefore, not conferring
increased risk of uterine cancers [26-28),

Side effects that have also been linked to tamoxifen and to a lesser extent to raloxifene
include thromboembolic events, An increased risk of deep vein thrombasis, strokes and
pulmonary embolisms has been demonstrated in large double-blind trials of tamoxifen
compared to placebo [24,29-31]. These risks should particularly be noted if given in the
perisurgical setting and a strategy for management of this is outlined in national guidance
[32]. Evidence suggests that vascular events are more common during the first 2 years of
treatment, and older age, hypertension, obesity and history of cardiovascular disease are
considered independent factors [33,34]. On the other hand, SORMs have a lipid-lowering
effect with evidence suggesting that they might modestly protect against coronary heart
disease [35-37).

Gynaecological adverse events such as vaginal dryness and discharge, and menopausal
symptoms including hot flushes and decreased libido, are among the most frequently
observed in women treated with SORMs [24,29-31], with a profound and direct impact in
the patient’s quality of life [38]. A list of common side effects associated with the different
types of ET can be found in Table 6.1.

Aromatase inhibitors

Instead of blocking the OR, Als target its ligand, oestradiol, by inhibiting the enzyme
aromatase which is responsible for the conversion of androgens to oestrogens in a process
called aromatisation [39,40]. Aromatase expression is abundant in ovaries, but the enzyme
is also active in peripheral tissues, including breast and adipose tissue [41].

Table 6.1 Adverse events of endocrine treatment agents and

thelrrespective frequencies [90-93]
Side effects Aromatase inhibitors Selective oestrogen receptor  Selective oestrogen receptor
modulators degraders
Very common « \asomotor symptoms
(=1/10) « Fatigue
« MNausea
Joint/Musculoskeletal pain  «  Vaginal discharge/bleeding Joint/Musculoskeletal pain
Hypercholesterolaemia « Peripheral cedema Hepatic enzyme elevations
Headache « Headache Hypersensitivity/Injection
site reactions
Common Osteoporosis « Thromboembaolic events Thromboembalic events
=1 1150 40 Bone fractures s Uterine fibroids Headache
<1/10)
Vaginal dryness/bleeding + Cataract Vaginal bleeding
Peripheral cedema « Endometrial hyperplasia/ Injection site-related
polyps sciatica
Hepatic enzyme elevations + Hepatic enzyme elevations Thrombocytopaenia
Uncommon Cataract + Endometrial cancer Anaphylactic reactions
(= ?" Eﬂufﬂ to Thramboembolic events « Interstitial pneumonitis Injection-site haematoma
<1N1
Cardiovascular events ,
e
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As peripheral aromatisation is the main source of oestrogen in postmenopausal
women, its inhibition results in oestrogen deprivation and abrogation of its
detrimental effect in breast cancer growth [42-44). In contrast, oestrogen production
in premenopausal women is regulated by a negative feedback system involving the
hypothalamus-pituitary-gonadal axis. Blocking aromatisation alone in women witl,
intact ovarian function would lead to gonadotrophin secretion, ovarian stimulation
and inefficient oestrogen synthesis inhibition [45). Therefore, Als are always combine
with ovarian function suppression (OFS) when offered to premenopausal and
perimenopausal women [46,47]. Pharmacological OFS is achieved with gonadotropin-
releasing hormone agonists (GnRHa), but permanent methods such as oophorectomy
can also be considered on an individual basis [48].

The three Als currently approved for breast cancer treatment comprise the third.
generation non-steroidal inhibitors anastrozole and letrozole, and the steroidal Inactivator
exemestane. The latter binds irreversibly and inactivates aromatase, while anastrozole ang
letrozole inhibit the enzyme in a reversible manner [49-53]. Although these agents have
distinct pharmacological profiles, with letrozole being a more potent oest roge
than anastrozole, this has not translated into clinical relevance [54,55].

Unlike SORMs and their tissue-specific effects, toxicities secondary to oestrogen
deprivation in peripheral tissues are common among all Als [56-58]. Osteopenia and
osteoporosis are among the main considerations when selecting the type ol ET and women
need to be carefully assessed and monitored for their individual fracture risk, which has
been a secondary endpoint in most Al trials alongside bone mineral density measurement
[59-62]. Patients who have abruptly transitioned to a menopausal status appear to be in
increased risk of significant bone loss and associated skeletal events [63,64).

Menopausal, vasomotor and vaginal symptoms are frequently encountered, while
signs of sexual dysfunction are more conspicuous compared to treatment with tamoxifen
[65,66]. Notably, the intensity of adverse events related to oestrogen deprivation is usually
magnified by the combined used of Als and OFS in premenopausal patients [67].

The most common toxicity among Als is known as Al-associated musculoskeletal
syndrome (AIMSS) and presents with a wide range of symptoms including musculoskeletal
aches, arthralgia and joint stiffness [68]. Finally, evidence from two meta-analyses
comparing tamoxifen and Als suggests that there is an increased incidence of
cardiovascular events with the latter [62,69], although it is not clear whether this
discrepancy is attributed to the cardioprotective effects of tamoxifen instead [70]. In
contrast to tamoxifen Als do not increase the risk of thromboemboli
use safe in the perisurgical setting,

n suppressor

C events making their

Selective oestrogen receptor degraders or downgraders

Fulvestrant has been the main representative from a third category of ET, known as
selective oestrogen receptor degraders or downgraders (SORDs), and is currently licensed
for the first and second-line treatment of advanced HR+ breast cancer [71,72]. The

efficacy of SORDs, considered to be complete antagonists of OR-q activity, stems from

their ability to bind to the OR, forming a complex with impaired nuclear translocation

and transcriptional activity, which elicits re ceptor turnover and protein degradation by
activation of the ubiquitin-mediated proteasome [73-75]. These unique features of SORDs
have the potential to overcome resistance mechanisms and are excellent candidates for use
in patients with endocrine-resistant disease following treatment with other types of ET [76].
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The ability to retain endocrine sensitivity is of particular importance in the neoadjuvant

or primary ET setting, however, more evidence Is needed to confirm superiority of SORDs
over other classes of ET agents |77,78).

Fulvestrant shares a similar toxicity profile to Als, with a global anti-oestrogenic
behaviour and no known agonist effect [79,80], However, its poor pharmacodynamic
profile and limited bioavailability, allowing only intramuscular administration, have had

a negative impact on both its potency and clinical utility {81 B2]. Therefore, novel oral and

more potent SORDs are currently in development [83-05), with elacestrant being the first

of its class to receive Food and Drug Administration (FDA) approval for the treatment of
endocrine-resistant, ESR1-mutated, advanced breast cancer patients [76].

Both Als and fulvestrant have been successfully combined with targeted treatments such
as cyclin-dependent kinase 4 and 6 inhibitors (CDK4/61), and there is currently a plethora of
novel ET agents under development [86]. New treatment strategies are under investigation
with potent and orally available agents designed to disrupt the OR pathway in multiple points.

The new classes of complete oestrogen receptor antagonists (CORANs) and selective
oestrogen receptor covalent antagonists (SORCAs) act by stimulating OR degradation and
downregulating gene transcription [87]. Targeted protein degradation, the con cept behind
the development of another promising technology using proteolysis-targeting chimeras
(PROTACs), is a particularly attractive approach, as treatment can now target previously
out of range proteins [86]. Despite recent en couraging results from the first early phase

trials [88,89], robust evidence is needed to identify the optimal sequence of ET in the era of
multiple therapeutic options.

ENDOCRINE THERAPY IN THE ADJUVANT SETTING

Endocrine therapy is an effective treatment for HR+ breast cancer. It has been used
effectively in both metastatic and adjuvant settings, as well as a prevention strategy in
women at high risk of breast cancer [94]. Its versatility as a treatment option and the
significant reduction in mortality rates following its use as adjuvant therapy has been one
of oncology’s greatest success stories [95].

For more than two decades, tamoxifen was the mainstay of adjuvant endocrine treatment
[96,97]. Three randomised controlled trials were initiated between 1976 and 1978; the Christie
Hospital trial investigating 1 year of adjuvant tamoxifen [98], the NATO trial which randomised
patients to 2 years or no further therapy [99], and the Scottish trial which tested adjuvant
tamoxifen for 5 years [100]. These trials enrolled patients irrespective of their nodal, menopausal
or OR status, and they concluded that there was significant improvement in disease-free
survival (DFS) in the tamoxifen arms, with a concurrent reduction in mortality rates.

The number of adjuvant trials increased exponentially in the following decade. A
systematic review of the collective data of 28,896 women with early breast cancer was
carried out by the Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) in 1988,
establishing tamoxifen as a pillar of adjuvant therapy, especially in women over 50 years
[96]. Evidence continued to accumulate and further EBCTCG reports fand meta-mml}'se:s.
shed light on the predictive role of OR expression and prolonged survival benefit following
5 years of adjuvant tamoxifen [101,102). ‘ ‘ ‘ |

Adjuvant ET saw a second breakthrough in the early 2000s, L‘v:l[h the mtmc!u-:n_nn of Als
in the clinic. Initial and mature results of the ATAC trial comparing the rnmbmalnun of
anastrozole to either tamoxifen or anastrozole alone showed better outcomes with respect
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to DFS and contralateral breast cancers in the anastrozole arm [103,104]. Similarly, DFS
and 0S benefit was demonstrated for letrozole over tamoxifen in the phase 3 BIG 1-98 tria|
[105,106]. Finally, EBCTCG reported a meta-analysis of 9 trials that settled the argument,
confirming that Als were superior in reducing recurrence rates, breast cancer and all-cauge
mortality [107].

Subsequently, multiple trials were designed to assess superiority among the
available Als [65,108], to investigate sequential and extended strategies [109-111], as
well as the optimal duration of ET [112-114]. Evidence from the aT'Tom and ATLAS tria|
of extended tamoxifen showed that tamoxifen for 10 instead of 5 years, Slﬂllfﬁ'ﬂﬂ"”y
improved survival and reduced recurrence rales, a risk that remains substantlal
for decades, as shown in studies confirming recurrences up (o 32 years post initial
diagnosis [115-118].

The absolute benefit gained from different types of ET In premenopausal women has
also been shown to favour Als against tamoxifen, and adding OFS to either of the two
significantly improves survival and reduces recurrences [119,120]. The pivotal SOFT and
TEXT trials concluded that Als are superior to tamoxifen in reducing risk of recurrence,
while evidence on 0S and mortality rates are still inconclusive, although less so in high-
risk patients [121,122]. Finally, the phase 3 monarchE trial of the CDK4/6i abemaciclib in
combination with ET versus ET alone, demonstrated benefit with regard to invasive DFS in
node-positive, high-risk women [123].

Extended ET and treatment intensification with OFS and/or CDK4/6i have been
associated with increased risk of toxicities, therefore, careful consideration is required
to recognise the subgroup of patients who will benefit most from these strategies.
Traditionally, decisions were made based on prognostic factors such as age, nodal status,
tumour size, and Ki-67, a known proliferation and prognostic marker which has been
underused due to poor analytical performance [124]. Today, gene signatures estimating
recurrence risk have been developed as companion diagnostics to guide adjuvant
chemotherapy decision [125], with the oncotype DX 21-gene assay used in the TAILORx
and RxPONDER studies being the most popular [126,127]. Currently, predictive models
combining genomic and clinical data are being validated in clinical trials.

ENDOCRINETHERAPY IN THE NEOADJUVANT SETTING

Successfully tailoring anticancer treatments to address the individual needs of the patients
remains one of oncology's greatest challenges. Treatment escalation and de-escalation
strategies in breast cancer are being implemented more widely and are facilitated by the
development of accurate prognostic and prediction models to estimate disease course and
response to different treatment modalities.

Several trials have compared the efficacy of NCT to adjuvant chemotherapy in early-
stage breast cancer, suggesting that outcomes are comparable [128]. Conversely, HR+
breast cancers respond less dramatically to NCT, therefore, neoadjuvant systemic
approaches integrating ET, which is associated with considerably less toxicities, have been
utilised [129,130]. A meta-analysis of 20 trials published in 2016 solidified this argument
and demonstrated the value of NET in achieving similar clinical, radiological and BCS rates
to NCT [4]. However, the majority of these trials focussed on postmenopausal women and,

therefore, caution is needed when generalising findings to premenopausal patients, as NET
has been less extensively studied in this patient’s population.
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Trials in postmenopausal women

A pilot study in the 1980s was among the first to use tamoxifen as a surgery-sparing strategy
in elderly women with early-stage disease, revealing a surprising 69% of responders [131].
A second trial prospectively randomised patients over the age of 70 years to upfront surgery
or primary ET with tamoxifen, allowing crossover, and resulted in equivalent survival
outcomes [132].

The integration of Als for ER+ disease led to a number of studies assessing the efficacy of
these agents in the neoadjuvant setting with main endpoints being the response rate, the
reduction in tumour volumes and the conversion rate from mastectomy to BCS [133,134).
As in the case of adjuvant therapy, the superlority of Als compared to tamoxifen was quickly
recognised [135,136],

In a head-to-head comparison of neoadjuvant letrozole versus tamoxifen in 337 HR+
women, letrozole was associated with significantly better clinical and radiological objective
response rates (ORR), and higher BCS rates [136], Further supporting evidence was provided
by three pivotal multicentre studies; the P024 trial which randomised women to letrozole
versus tamoxifen, the PROACT trial which tested anastrozole against tamoxifen, and the
IMPACT trial which investigated anastrozole and tamoxifen in combination versus each agent
alone [137-139). Apart from the latter, which failed to demonstrate statistical significance,
both P024 and PROACT showed higher rates of responses and non-inferior or increased BCS
rates in the Al arms. In each case, tolerability profiles were acceptable for both tamoxifen
and Als. The IMPACT trial was also the first to assess the prognostic value of the Preoperative
Endocrine Prognostic Index (PEPI) model as a prognostic biomarker of recurrence [140].,

Debates over superiority were put to rest after the publication of two meta-analyses
of four and five studies respectively, which concluded that Als were significantly
more effective in achieving improved ORR and BCS rates compared to tamoxifen in
postmenopausal women [141,142], evidence which were later validated in a third meta-
analysis of 20 trials [4].

As a result, a phase I1 trial was designed to investigate differences among letrozole,
anastrozole and exemestane with respect to clinical and biomarker outcomes [143,144].
The ACOSOG Z1031 trial enrolled 622 postmenopausal women with strongly ER+, stages
[I-111 breast cancers to receive 16-18 weeks of NET with one of the three Als. Arms were
well-balanced, and clinical response rate was estimated at 62.9% for exemestane, 74.8% for
letrozole and 69.1% for anastrozole. However, the treatment effect as assessed by the PEPI
score and the Ki-67 changes led to the conclusion that the biological behaviour of the Als
was equivalent, a finding that was consistent with adjuvant trials of the time [65].

Fulvestrant's efficacy in the neoadjuvant setting has also been explored in phases II
and III, multicentre trials with the hope of lowering the risk of endocrine resistance [145].
The NEWEST trial which evaluated different doses of neoadjuvant fulvestrant for 16 weeks
concluded that the biological activity of the 500 mg dose was superior to the 250 mg one,
by means of reduction in OR/progesterone (PR) expression and Ki-67 levels [146]. These
biomarker changes were more pronounced in the 4-week compared to the 16-week
assessment. Clinically, this was also translated into increased ORR.

The UNICANCER CARMINA 02 French trial randomised patients to either anastrozole or
fulvestrant for 4-6 months according to clinical response [78]. Both treatments succeeded
in producing satisfactory clinical response rates in 4 and 6 months, albeit anastrozole was
associated with a higher number of responders, a finding which was consistent with the
difference in pathological and BCS rates.
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Finally, initial results of the ALTERNATE trial, which randomised patients to 6 months
of fulvestrant, anastrozole or their combination, failed to show superiority of [ulvestrant
over anastrozole [145]. An overview of the NET trials in postmenopausal women can be

found in Table 6.2.

Study
Dixen et al,, 2000

Harper-Wynne
et al, 2002

Polychronis et al,,
2005

Semiglazov et al,,

2007

Srnith et al., 2007

Mohammadianpanah
etal, 2011

FemZone

NEOCENT

IMPACT

FO24

PROACT

-

Phase N

N/A

N/A

24

53

56

239

206

1m

168

330

337

451

Treatment arms

Anastrozole 1 mg
Anastrozole 10mg

Vorozole
Tamoxifen

Gefitinib + anastrozole
Gefitinib + placebo

Anastrozole or
exemestane
Doxorubicin plus
paclitaxel x 4 cycles

Anastrozole + gefitinib
Anastrozole plus placebo
for 2 weeks, then
anastrozole plus gefitinib
for 14 weeks

Anastrozole + placebo

5-FU, doxorubicin,
cyclophosphamide x 3-5
cycles + letrozole daily up
to the time of surgery
5-FU, doworubicin,
cyclophosphamide = 3-5
cycles

Letrozole plus zoledronic
acid
Letrozole

5-FU, epirubicin,
cyclophosphamide +
docetaxel x 6 cycles
Letrozole

Anastrozole plus placebo
Tamoxifen plus placebo
Tamoxifen plus
anastrozole

Letrozole
Tamoxifen

Anastrozole plus placebo
Tamoxifen plus placebo

Table 6.2 Randomised trials of neoadjuvant endocrine therapy (NET)
in postmenopausal women. Continues oh pages 80-82

MET
duratlon

3 months

12 weeks

4-6
weeks

3 months

16 weeks

9-13
weeks

6 months

18-23
weeks

12 weeks

4 months

i months

Primary endpoint’

ORR:"BY.3% vs.
99.6%"

+ KI-67 reduction
at 2 weeks: 58%
vs. 43%, p=0.13

» KI-67 reduction
at 12 weeks: 27%
vs. 510,
p=017

Ki-67 reduction at
2 weeks: 98% vs.
92.4%, p = 0.0054

« ORR*62-67% vs.
63%, p =105

« BCSrate: 33% vs.
24%, p=0.058

Ki-67 reduction at
16 weeks: 77.4% vs.
83.6% (arm 1 and 2
vs. 3),

p=026

« ORRS27.6% vs.
10.2%,
p=0028

« pCR: 25.5% vs.
10.2%,
p=0.049

ORR:" 69.2% vs,
54.5%, p=0.106

Recruitment
feasibility and tissue
collection®

ORR:} 37% vs. 36%
vs. 39%, p =061

ORR:* 55 x vs. 36%,
p <0001

ORR:' 39.5 x vs.
35.4%, p = 0.29

neFere““
[133)

[147)

[148]

(3]

[149]

(1500

(1511

[152]

[139,153]

[137])

[128]
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Table 6.2 Continues oh pages 80-82

Treatiment arms

Study

ACOSOGZ103)

NEWEST

CARMINA

ALTERNATE

PTEX46
CHERLOB

CAAN

NeoPAL

PALLET

SAFIA

neoMONARCH

Phase N

lib

N/A

622

211

116

1299

52

92

82

106

07

159

173

1. Exemestane

2
i

Bk = B =

Ll P

R p—

Letrozole
Anastrozole

. Fulvestrant 500 mg
. Fulvestrant 250 mg

Anastrozole

. Fulvestrant

. Anastrozole
. Fulvestrant
. Anastrozole plus

fulvestrant

. Exemestane for 4 months
. Exemestane for &6 months

. Letrozole plus lapatinib
. Letrozole plus placebo

. Exemestane and celecoxib

twice daily

. Exemestane daily
. Letrozole daily

. Letrozole and palbociclib
. 5-FU, epirubicin,

cyclophosphamide =
3 cycles, followed by
docetaxel % 3 cycles

. Letrozale
. Letrozole for 2 weeks, then

palbociclib plus letrozole
to 14 weeks

. Palbaciclib for 2 weeks,

then palbociclib plus
letrozole to 14 weeks

. Palbociclib plus letrozole

. Fulvestrant for 4 months

followed by fulvestrant
plus palbociclib for 4
additional months

. Fulvestrant for 4 months

followed by fulvestrant
plus placebo for 4
additional months

Abemaciclib plus
anastrozole for 16 woeks
Abemaciclib for 2 weels,
then abemaciclib plus
anastrozole for 14 weeks
Anastrozole for 2 weale,
then abemaciclib plus
anastrozole for 14 wecls

MNET
duratlon

16-18
weeks

16 weeks

Uptoé
months

& months

dord
months

& months

3 months

19 weeks

14 weeks

Upto B
maonths

& wonks

Primary endpoint’

+ ORRS

o 62.9% vs, TA.8% vs.
69.1%"

+ BCSrate: 67.2%
5-year cumulative
LRA: 1,539 95% C|
0.7-3.0%

Ki-67 reduction at
4 weeks: 78.8% vs,
47.4%, p < 0.0001

ORR:Y 52.6% vs. 36.8%"
at 6 months

ESDR: 18.6% vs. 22.7%
(arm 1vs. 2, p=0.15)
ws. 20.5% (arm 1 vs. 3,
p =0.55)

ORR:Y 42.3% vs, 489%,
p=0.89

ORR:* 69.2% vs. 57.8%"

ORR:®
58.6% vs. 54.5% vs
62%"

RCB 0 rate: 7.7% vs,
15.7%"

« Ki-&67 TEducﬁﬂn
at EOT: 88.5% vs,
97.4%, p < 0.001

« ORR:*49.5% larm
1) vs. 54.4% (arm 2
+3+4),
p=020

pCR 2% vs. 7%, p =
0.1464 (post- and
premenopausal
patients combined)

Ik1-67 reduction at 2
weeks: 93.5% vs. 93.1%
vs, 71%,

< 0.007 (arm 1 vs,
arm 3 arm 2 vs.arm 3)

Reference

[143,144]

[146]

(78]

(77)

[154]

[155]

[156]

[157]

[158]

[159]

[160]

81

J
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Table 6.2 Continues on pages 80-82

Study Phase N Treatment arms NET Primary endpoint’  Reference
duration
Baselga etal, 2009 |l 270+ Letrozole plus everolimus 16 weeks  ORR: 68.1% vs. [161]
+ Letrozole plus placebo 59.1%, p = 0.0616
NEO-ORB ] 257  « lLetrozole plus alpelisib 24 weeks ORR'{arm 1 vs, [162)
+ Letrozole plus buparlisib arm 3):
» Letrozole plus placebo + FIK3Cam: 43.3%
vs, 44.8%"
o PIK3CAWt: 634 ¥
vs. 619"
pCR (arm 1 vs,
arm 3
o PIK3CAmM: 1.7%
vs. 3%"
«  PIK3CAWL 2.8%
vs. 1.7%"
LORELEI I 334 . Letrozole plus taselisib 16 weeks « ORR50%vs. [163]
+ Letrozole plus placebo 3%%, p = 0.049
- PIK3Cam;
56% vs.
38%,
p=0.033
«  pCR: 2% vs. 1%,
p=037
POETIC 1T} 4,480 s+ Letrozole oranastrozole  14days « Local (1]
« Control recurrence: 9%
vs. 10%,
p=0.40
o S-year RFS:91%
vs, 90.4%"
(BCS, breast-conservation surgery; Cl, confidence interval; EOT, end of treatment; ESDR, endocrine-sensitive disease
rate; LRR, locoregional recurrence; N, number; NET, necadjuvant endocrine therapy; ORR, objective response rate;
PCR, pathologic complete response; RCB, residual cancer burden; PIK3Cam, PIK3CA mutant; PIKICAwt, PIK3CA
wild-type; RFS, recurrence-free survival; vs., versus)
“Arm 1 versus arm 2 versus arm 3, etc. respectively
Assessed with MRI/MMG/US
SAssessed with caliper/palpation
*Terminated early due to slow accrual
.h"p value not provided

Trials in premenopausal women

Premenopausal women with HR+ early-stage breast cancer have been traditionally offered
chemotherapy, with NCT reserved for those with locally advanced disease and inoperable
tumours. Evidence from a small phase I1 study comparing the ef! ficacy of exemestane plus
goserelin to standard NCT with anthracyclines and taxanes in premenopausal patients,
suggests that NET is inferior to NCT with less responses noted (75% vs. 44% with NCT and
NET, respectively) [129].

Similar outcomes were observed in a phase II1 study of tamoxifen plus goserelin
versus NCT, and resulted in inferior outcomes with respect to ORR and pCR rate for
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NET, albeit the latter was overall low in both arms (3.4% vs. 1.2% in NCT and NET,
respectively) [164]. In comparison, BCS rates and Ki-67 changes were not appreciably
different between arms.

The results of these studies have led to the widespread acceptance of NCT as the
superior treatment option for premenopausal women in this setting. However, if NET
is to be offered, Als with OFS are, again, the preferred choice of treatment compared to
tamoxifen on account of better clinical outcomes. In STAGE trial, 197 premenopausal
patients were randomised to either tamoxifen/goserelin or anastrozole/goserelin for a
total of 24 weeks [165]. Overall, clinical, radiological, and pathological responses were
superior for the anastrozole group, Ki-67 levels were significantly lower and BCS rates
were higher compared to patients on tamoxifen. Of note, there was baseline imbalance
between treatment arms, with more patients with Grade 3 tumours and PR-negative status
randomised to tamoxifen, which might have introduced some bias. A synopsis of the NET
trials in premenopausal women can be found in Table 6.3.

Treatment duration

The optimal length of NET is another grey area, and current ASCO guidelines recommend
a personalised approach and close treatment monitoring to assess response [2]. At present,

Table 6.3 Randomised trials of negadjll_.'lya.nt endocrine therapy (NET)

in premenopausal women |

Study Phase N Treatment arms ORR" BCS rate’ Reference
GEICAM/2006-03 |11 51 * Epirubicin plus 75% vs. 44%."  47%vs. 56%,F [129]
cyclophosphamide = 4 cycles p=0027 p=0.2369
followed by docetaxel x 4 cycles

» Exemestane daily plus
goserelin for 24 weeks

TREND n 51 » Degarelix plus letrozole % 6, 44% vs. 52.2% vs. [166]
28-day cycles 46.2%45 42 3%}
« Triptorelin plus letrozole x 6,
28-day cycles
NEST ] 187 »  Adriamycin plus B3.7% vs. 13.8% vs. [164]
cyclophosphamide x 4 cycles  52.9%,' 11.5%,
followed by docetaxel x 4 cycles  p < 0.001 p=0531
« Tamoxifen plus goserelin for
24 weels
STAGE 1] 197 « Anastrozole plus goserelinfor 643 vs, B6% vs. 6B%*  [165]
24 weeks 37.40%,"
« Tamoxifen plus goserelin for p= 00002
24 weeks
SAFIA m 195 |« Fulvestrant/goserelin plus Majar 47% vs. 489
palbeciclib response:™?
« Fulvestrant/goserelin plus 62% vs. 66%,
placebo p = 0.4963

= Arm 1 versus arm 2, respectively

t pssessed with MRI

§ Assessment method not speclfied

# p value not provided

¥ Results include postmencpausal women

{BCS, breast-conservation surgery; N, number; ORR, objective response rate; vs., versus)
N
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most evidence is provided by small phase II trials which have opted for a 3- to 6-month

period [4]. -
Tamoxifen, which was more widely used in the first NET trials, was shown to achieve

responses within the first 3 months of treatment, although larger lesions usually required
longer periods of treatment to achieve their best response, som etimes up o 12]mnnlhs
[131,167]. However, the small proportion of ongoing responders compat ed to those who are

likely to progress after 3 months does not justify prolonged treatment. .
Also, on the other hand, these are known to achieve ongoing responses beyond the first

3-4 months of treatment [168], with most studies agreeing to a 4- to 6-month duration, A
study of 182 women receiving neoadjuvant letrozole, assessed rEspOiIses in different time
intervals from 0t 3, 3 t0 6, 6 to 12, and 12 to 24 months [169]. ORR increased from 69.8% ay
3 months to 83.5% with prolonged NET and BCS rates from 60 10.?2%. respectively.

A phase II prospective NET study with optimal letrozole c.lur.anun as its primary
endpoint concluded that 4-6 months are sufficient to gain significant response benefit
[170]. Evidence from two other trials suggested that extended treatment of up to 8 months
is more suitable when aiming for maximum tumour volume reduction [171-173]. The
TEAM IIA trial assessing ORR and tumour downstaging at 3 and 6 months of treatment with
exemestane demonstrated that 6 months of NET allowed better downstaging and increased
BCS eligibility, while a small proportion of patients might be at risk of progression
[174]. Finally, the PTEX46 trial described similar response rates at 4 and 6 months with
exemestane, and therefore argued in favour of a shorter duration [154].

In conclusion, although extended NET might result in better objective responses and
surgical outcomes, its prospective benefit should be carefully balanced against the risk of
developing endocrine resistance and ligand-independent activation of OR, a risk which has
been shown to increase when NET exceeds 6 months [175].

Treatment combinations

As expected, combinations that have proven successful in the adjuvant setting are now
proposed as neoadjuvant strategies.

One approach opts to employ the added benefit of CDK4/6i when combined with the
already effective Als. These combination trials have so far failed to demonstrate superiority
compared to NCT, albeit being effective in improving response rates. The NeoPAL trial
randomly allocated 106 patients to either letrozole/palbociclib combination or NCT,
before being terminated early, as the threshold for its primary objective, residual cancer
burden (RCB), was not reached for the combination [176]. However, recently published
results of the secondary endpoints demonstrated comparable long-term survival
outcomes with both approaches, suggesting a potentially useful and less toxic alternative
to chemotherapy [177].

Furthermore, the significance of their added benefit when combined with Als is
debatable, and the lack of survival data in view of the extra toxicity risk does not justify
any escalation of treatment. In PALLET, a trial of palbociclib plus letrozole versus letrozole
alone this time, clinical responses were not improved, although the co-primary Ki-67
was significantly suppressed [158], The latter was also evident in the NeoPalAna singe-
arm study of palbociclib and anastrozole, which reported high complete cell cycle
arrest rates [178]. The recently published results of SAFIA showed that the addition of
Palbociclib to fulvestrant did not result in superior pCR rates [159]. Finally, the first
results of the neoMONARCH trial proved that abemaciclib either alone or in combination
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with anastrozole performed better and achieved greater Ki-67 reductions compared to
anastrozole alone, while maintaining a well-tolerated toxicity profile [160].

The PI3K/AKT/mTOR pathway has also been targeted and promising results have been
observed in combination trials with Als. The mTOR inhibitor everolimus was combined
with letrozole in a phase 11 study of 270 postmenopausal women, showing higher rates of
clinical responses and reductions in Ki-67 compared to letrozole monotherapy, both in
the overall and in the PIK3CA mutant population [161]. Contradictory evidence regarding
the efficacy of PI3K inhibitors and Al combinations has been produced by the NEO-ORB
and LORELEI study, investigating combinations of letrozole with alpelisib and taselisib,
respectively, versus letrozole monotherapy [162,163]. While LORELEI met its primary
endpoint of objective responses in all subgroups including the PIK3CA mutant population,
NEQO-ORB failed to do so, and this was consistent across all cohorts.

PATIENT SELECTION

Appropriate candidate selection for NET and development of clinical prediction tools have
been at the forefront of ongoing research ever since NET strategy started to be adopted and
clinical practice guidelines provide evidence-based recommendations.

An important factor for NET consideration is the patient’s menopausal status, and this
was highlighted in the ASCO guidelines of 2021 [2]. NET is considered a valid strategy in
postmenopausal women for tumour downstaging; however, as described earlier, its value is
less well-established in premenopausal women, and therefore, NET should not be routinely
offered to this population.

Oestrogen receptor expression has also been shown to directly impact the effectiveness
of NET. The strong correlation between response to ET and OR expression was known from
trials in the adjuvant setting, but further insight on the matter was provided by the OR and
PR expression analyses that were conducted within the P024 trial [137]. Clinical responses
to the study drugs, letrozole and tamoxifen, were shown to increase in a linear aspect to
increasing OR Allred expression scores, with higher responses observed in women with OR
Allred score 7 and 8. Following these findings, inclusion of women in ACOSOG Z1031 trial
was restricted to those with OR Allred score of 6 and above [179].

Several predictive biomarkers to guide patient’s selection have been proposed and
ii-vestigated in trials, usually serving as secondary objectives. Gene signatures and GEP
-ive been in the spotlight since the validation of the 21- and 70-gene assays as diagnostic

smpanions for adjuvant chemotherapy decision making [125-127,180]. Their value in

atient'’s stratification according to recurrence score (RS) has been both predictive and
.rognostic, and further established in the neoadjuvant setting, with high RS correlating

o increased pCR rates and predictive of chemotherapy benefit [181-185]. Recent results
rom KARMA Dx study confirm their significance in selecting patients for systemic
treatment de-escalation [186]. Reports from the adaptive I-SPY 2 trial integrating the
70-gene assay for patient’s stratification according to their molecular classification are also
highly anticipated [187].

With respect to their utilisation in patient's selection, the PAM50 classifier, using a
50-gene set to predict molecular subtypes has been evaluated in the ACOSOG Z1031 trial
[143,188]. Its ability to identify tumours with aggressive biological behaviour and intrinsic
resistance to ET suggested a possible role. Its predictive value of endocrine-sensitivity
was also validated in a dataset with inputs from 103 postmenopausal patients who

.
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received NET [189]. Assigned values were ‘chemotherapy-sensitive; ‘endocrine-sensitive’
and ‘uncertain. A chemo-endocrine score (CES) was then provided and shown to be
significantly associated with clinical response (p = 0.009),

The 21-gene assay is also actively investigated for its role in patient's selection, and
this strategy was implemented in the SAFIA trial, which recruited patients with a breast
recurrence score (RS) < 31 [159]. This approach builds on previous evidence demonstrating
the value of the RS in predicting response to NET [182,190,191], with the TransNEOS study
offering validating data for its use in postmenopausal ER+, HER2- and clinically node-
negative breast cancer patients [190]. In addition, this study demonstrated that post-NET
RS was also predictive of BCS conversion and eligibility, with a better likelihood observed
in patients with RS < 18,

Furthermore, a pooled analysis of 109 patients who received either NET or NCT according
to their RS, suggested that omission of chemotherapy in patients with RS = 25 was not
detrimental with respect to pathological responses, although lack of data on premenopausa
women, nodal status, and long-term follow-up limits their generalisability 193], Pinally,
the positive results of the ADAPT trial further validated the use of the 21-gene assay in
successfully selecting suitable NET candidates [194].

TREATMENT MONITORING

Treatment monitoring is equally important when NET strategies are considered. A fine
balance needs to be established between gaining maximum treatment benefit and risk
of developing treatment resistance which can adversely affect survival outcomes. It is
speculated that intrinsic endocrine resistance can be as high as 20%, while acquired
resistance after prolonged ET remains inevitable and is the focus of intensive research
[195]. Of note, results of a recent genomic analysis of pre- and post-treatment samples
of 35 patients treated with NET revealed a complicated landscape of genomic and
transcriptomic variations, with ESRI variants more commonly associated with acquired
resistance [195]. Therefore, different mitigation strategies have been implemented to
prevent treatment resistance and progression, incorporating imaging, molecular and
genomic biomarkers.

Radiological assessment of response is standard practice in the neoadjuvant setting and
most trials have incorporated ultrasound (US), mammography (MMG) and/or magnetic
resonance imaging (MRI) in a multimodal approach. In the CARMINA study, patients
were primarily assessed by US and MRI, with positron emission tomography (PET) scans
as optional, at 1, 4 and 6 months for those continuing on the extended treatment, or
prior to surgery for the rest [78]. Reported ORR was similar for US and MRI, as were the
estimated tumour volume reductions. The only timepoint in which either the US or MRI
could predict clinical response was prior to surgery. In contrast, both the 1-month and the
presurgical US showed statistically significant predictive value for pathological response
assessment (p = 0.006 and p = 0.03 for 1-month and presurgical US, respectively).

At the same time, retrospective and prospective findings from further NCT and NET studies
have shown that MRI is superior to US for pathological response assessment and pathological
tumour size prediction [197,198], although it may not be as effective in successfully predicting
pathological nodal status [199]. On balance, both US and MRI are acceptable methods for
treatment monitoring, albeit additional evidence is needed to determine the optimal strategy
depending on the specific type of neoadjuvant therapy being used.
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Although monitoring imaging response is recommended, it is not sufficient to accurately
predict non-responders. Furthermore, pCR is a rare finding in patients with HR+ disease
receiving neoadjuvant treatment [200]. Therefore, other markers of response have been
explored, with Ki-67 being the most promising and easy to integrate in a monitoring
strategy [11,201].

The IMPACT trial was designed to assess changes in OR expression and Ki-67 staining
for patients receiving NET and determine whether these changes related to outcome [202).
Although the level of Ki-67 suppression was not predictive of clinical response at the time,
it was shown that it correlated positively with the biological activity of the treatment, and
that the greatest reductions were achieved in ER-rich tumours. Further reports from the
IMPACT group showed that Ki-67 reduction was more profound after 12 compared to
2 weeks of treatment for anastrozole, and suggested a possible association between levels of
suppression and response prediction [153].

A separate multivariable analysis of 158 patients with paired biopsies showed that
increase in the 2-week Ki-G7 expression was independently and significantly associated
with a higher chance of recurrences (p = 0.004), alongside the larger baseline tumour size
and low OR status at 2 weeks [201].

Building on this evidence, the P024 trial developed the PEPI model and subsequently
used a dataset of 203 women from IMPACT trial for validation. The PEPI score is generated
by four factors comprising OR expression, Ki-67 index, pathological tumour size and nodal
status [140]. Patients who had a PEPI score of 0 at surgery and a low pathological stage were
considered good candidates for treatment de-escalation in the adjuvant setting.

Following this new development, PEPI scores were integrated in several trials and
a positive correlation with pathological responses was noted [168,203). In particular,
the ACOSOG Z1031 trial was able to prove that a score of 0 was predictive of favourable
recurrence free survival in patients who had induction treatment with an Al, compared
to those who scored higher (hazard ratio for recurrence 0.27, p = 0.014) [203]. More
importantly, they showed that a Ki-67 level > 10% after 2-4 weeks of NET, was significantly
associated with higher PEPI scores, paving the way for Ki-67 to become a surrogate
biomarker of response to guide treatment decisions and management.

The pivotal POETIC trial was designed to assess the prognostic role and the clinical
relevance of the cut-off threshold of Ki-67 which was set at 10% [11]. Patients were allocated
to either 2 weeks of Als followed by surgery, or no NET, and adjuvant ET was given
according to standard practice. Women with low Ki-67 at baseline and post-NET had the
best prognosis with a low recurrence rate. On the other hand, women who started with
a high Ki-67 status which was able to drop below 10% within 2 weeks of treatment had
slightly worse outcomes than the previous group, but better prognosis compared to those
whose Ki-67 remained over 10% after treatment. The latter was shown to represent a high-
risk group that could benefit from treatment escalation.

This Ki-67 monitoring strategy was put to the test in two phase III NET trials with a
biomarker-driven treatment design [77,194]. The ALTERNATE trial selected Ki-67 at 4 and
12 weeks and a modified PEPI scoring system at surgery to guide treatment decisions,
while ADAPT was the first trial to use Ki-67 and the 21-gene assay at 3 weeks following
NET to allocate non-responders to adjuvant chemotherapy. The recently published results
of the latter showed no differences in survival outcomes in the different treatment groups,
including premenopausal patients, and established the feasibility and validity of de-
escalation strategies guided by GEP and molecular biomarkers [194].
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IMPLICATIONS FOR SURGERY

a key treatment modality in the management of

early breast cancer and the preferred approach when BFS is Cﬂlit&idﬂred,IWI1iig lh.en:

is some data to guide surgical strategies in the NET setting there is more information
available from the NCT setting and techniques and pathways are olten extrapolated,
Cosmetic outcomes and impact on quality of life are important aspects in the selection
of the surgical strategy, and careful consideration of the associated risks and benefits js
warranted. EndoNET, a prospective phase 111 trial, is underway and i]i]'['lS to investigate
quality of life outcomes and conversion rates of mastectomy to BCS in postmenopausa|
women treated with NET [204].

Survival benefit is another major consideration when selecting the therapeutic
approach. NCT has repeatedly shown equivalent outcomes to adjuvant chemotherapy with
respect to distant recurrences and long-term survival [128,205,206]. However, concerns
were raised following conflicting evidence on locoregional disease control, as well as
increased local recurrence rates in patients having NCT and BCS [207,208]. Similarly, the
lack of validated predictive recurrence risk models and long-term survival data have led
to the underutilisation of NET [4,208]. Only recently, results of the ACOSOG Z1031 trial
were able to confirm the overall low 5-year locoregional recurrence rate (1.53% at 5 years),
indicative of the safety of this approach, considering 50% of surgeries were de-escalated tg
BCS after NET [144]. Still, careful candidate selection followed by an extensive discussion of
the associated risks and benefit is essential.

Neoadjuvant systemic therapy is

Surgery de-escalation and breast-conservation surgery rates

Despite the growing utilisation of neoadjuvant treatments that enables less extensive
surgeries, a prospective study of women aged 40 years or younger, showed no significant
increase in BCS rates over the years [209]. At the same time, significantly more women opted
for radical surgery, and in particular bilateral mastectomies, probably mirroring the adoption
of widespread genetic testing and cancer family history considerations in decision making,
Initial results of the NeST study, which collected data on stated practice from 39 UK-
based breast multidisciplinary teams (MDTs), confirmed that tumour downstaging remains
the predominant indication for neoadjuvant therapy, although NET was offered to a rather
small subgroup of patients with primarily inoperable or locally advanced disease [210].
A 2016 meta-analysis of 20 randomised trials demonstrated non-significant differences
in BCS rates for NET compared to NCT (OR 0.65; 95% C1 0.41-1.03; p= 0.07; n=334),
establishing the value of this less toxic approach in this setting [4]. Further data of a large
cohort of 19,829 patients in the National Cancer Database (NCDB) study showed NET
utilisation growing linearly with increasing T and N stage, and a steady change in practice
along the years [211,212]. Conversely, T and N downstaging were achieved in significantly
higher rates in patients receiving NCT compared to those on NET, especially in more
advanced stages [212]. Notwithstanding, 40-50% of T3-4 lesions were also successfully
downstaged to a level allowing BCS following NET.
Recently published surgical outcomes from the ACOSOG Z1031 study of 509 eligible
for analysis women with clinical stage 2-3 HR+ breast cancer revealed a BCS rate of
67.2% [144]. While the first cohort of patients (Cohort A) was not required to have an
interval biopsy, the protocol was later amended, and patients allocated to Cohort B would
undergo a biopsy 2-4 weeks after initiation of NET. If Ki-67 was >1 0%, a decision was made
to either proceed to surgery or switch to NCT. De-escalation from mastectomy to BCS
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was implemented in similar proportions (22.8% and 20% of patients in Cohort A and B,
respectively). In contrast, treatment escalation was more pronounced in Cohort B (9.4% vs,
13.3% in Cohort A and B, respectively). This can be potentially explained by the additional
evidence provided regarding Ki-67 trend and tumour response to NET, therefore shaping
decisions towards a more radical surgical approach.

Strategies to improve tumour localisation and long-term local control following
neoadjuvant therapy and BCS have also been implemented. These include clip-marking of
the breast lesion and the biopsy-proven metastatic axillary lymph nodes with radio-opaque
markers or other identifiers [213-216], This facilitates appropriate excision of involved sites,
and guides decisions on axilla management when Sentinel lymph node biopsy (SLNB) or
targeted axillary dissection (TAD) are considered [217,218]. Although pCR is less frequent
with either NET or NCT in luminal A cancers [200,219], marking suspicious nodes prior to
systemic treatment has shown a considerable reduction in the false-negative rates observed
when SLNB is performed [220]. Furthermore, accurate pathological staging, tumour
regression grading and repeat evaluation of receptor expression in the surgical specimen
of women receiving NET are vital to inform further treatment decisions such as adjuvant
chemotherapy and radiotherapy to the tumour bed and axilla [218,221].

Axillary surgery considerations

Axillary management is less straightforward in the case of neoadjuvant therapy and data
from most randomised trials regarding axillary surgery are scarce. Although choice of axillary
surgery was not predefined in the ACOSOG Z1031 trial, evidence from the two cohorts
reflects the gradual change in practice [222]. The protocol amendment in 2009 and the
introduction of an interval biopsy led to a higher rate of SLNB without axillary lymph node
dissection (ALND) in Cohort B patients (45.6% vs. 63.3% in Cohort A and B, respectively),
which could have been driven by confidence gained from the Ki-67 trend results [144].

However, at present, there is no prospective evidence to support surgery de-escalation
in the axilla. According to data collected from the NCDB between 2012 and 2015, patients
receiving NET with clinical NO and N1 disease underwent similar axillary management
strategies compared to those having primary surgery [223]. This approach was justified as
nodal pCR rates were typically low, therefore, decisions were based on factors other than
expected response. Interestingly, patients treated with NET and pathological N1 disease
following SLNB were less likely to have completion ALND compared to patients receiving
primary surgery or NCT. Multivariate and interaction analyses followed to control for
confounding factors such as age, with no significant findings. Nonetheless, the authors
recognised the limitations in the interpretation of retrospective data.

In a separate analysis of NCDB, patients with clinical node-negative disease treated
with NET had pathologically negative lymph nodes in 65% of the cases, while minimal
residual nodal disease, characterised by the presence of isolated tumour cells and/or
micrometastases, was evident in 8.7% [224]. A modest pathological response was seen in
cN1 patients, with a modest pathological response was seen with only 10% of cN1 patients
achieving pCR after NET and 4% of cN1 patients residual nodal burden. Subsequent
survival analyses of patients with clinical T1-3N0-1 disease revealed no significant
differences in the 5-year OS of those with nodal pCR compared to those with minimal
residual nodal disease. Moreover, OS rates in patients stratified by their pathological
nodal status were similar regardless of whether they were treated with NET or had upfront
surgery. Optimal management in the case of the latter has been investigated in several
randomised trials [225-227].
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In an effort to identify a larger group of patients who could be candidates for de-
escalating axillary approach, complementary data were extracted from the Dana-Farber/
Brigham and Women's Cancer Center and the NCDB cohorts regarding post-NET axillary
surgery and associated survival benefit [228]. Patients with less than three positive nodes
after surgery were considered as having low-residual nodal disease burden, and these were
estimated to represent >30% of the subgroup with clinically negative nodes. The strongest
predictive factors for low-residual disease were the initial node-negative status, followed by
clinical T1 tumours and absence of lymphovascular invasion.

These findings suggest that axillary de-escalation strategies similar to the ones
implemented when primary surgery is considered, and are reasonable in patients with

clinical node-negative disease after NET. Future prospective data will unravel differences in
local recurrences and survival.

CONCLUSION

The more accurate our predictive markers of benefit become, the more likely it is for NET

to become widely adopted. The widespread utilisation of genomic signatures in patient's
stratification according to their recurrence risk and presumed chemotherapy benefit is
expected to reduce further the use of chemotherapy in the pre- and postoperative setting
and give way to NET approaches. As the clinical practice trends in favour of de-escalation in
all treatment modalities, new ET combinations are currently investigated in the neoadjuvant
setting and are likely to result in improved outcomes, with a view to less toxicity.
Nonetheless, mature survival data from large prospective NET trials are still eagerly awaited.

£ T
Key points for clinical practice
Endocrine therapy can be used as a neoadjuvant option particularly for post-menopausal
women where chemotherapy is not recommended
- Increased utilisation of tumour genomic testing is likely to further clarify where ET alone is
sufficient as adjuvant therapy
NET appears to be effective and safe for surgical downstaging in appropriately selected
patients
+ NET also provides an opportunity for bridging therapy, window of opportunity studies,
potential responsive adapted therapies, as well as primary endocrine therapy in those unfit
or unable to have surgery
« Currently Al's are the agent of choice for NET however newer agents that selectively target
the OR are increasingly being evaluated, as are combinations of endocrine and targeted
therapies
S J
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Percutaneous treatment
for breast cancer

Jenny Yijian Wang, Francesca Holt, Gloria Petralia, Gurdeep S Mannu

ABSTRWACT

Breast cancer is the most common cancer in women in the UK and with mammographic
screening, many breast cancers are diagnosed at an early stage. There has been a general
trend towards de-escalation of local therapy for early breast cancer. Innovative advances

in technology have yielded a new generation of percutaneous treatment options for
breast cancer and these can be divided into methods of tumour ablation using ionising
radiation (radiotherapy using photons, protons, or carbon ions), using thermal techniques
[microwaves, radio waves, laser, high-intensity frequency ultrasound (US), or cryoablation]
and vacuum-assisted excision. This chapter discusses the literature on these options and
their potential in future breast cancer treatment.

INTRODUCTION
Breast cancer is the most common type of cancer among women in the UK [1]. With the
introduction of breast screening, breast cancers are now detected earlier than in previous
years. Early breast cancer is defined as when all detected invasive cancer cells in the breast
or regional lymph nodes and can be removed surgically and there is no evidence of distant
spread of the disease.

Routine management of early breast cancer involves surgery to remove the whole or
part of the breast containing the cancer. Women who receive breast-conserving surgery
are recommended adjuvant radiotherapy to the whole breast to treat any potential residual

microscopic disease. Adjuvant radiotherapy for early breast cancer using high-energy
X-rays (photons) has been shown in randomised trials to reduce the risk of local recurrence
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and improve survival from breast cancer [2,3]. In addition to surgery and radiotherapy,
many women receive some form of adjuvant systemic anticancer therapy, such as
endocrine therapy, chemotherapy, targeted biological therapy and/or bisphosphates to

further reduce the risk of cancer recurrence and improve survival [4].
Over time surgical techniques for early breast cancer treatment have both de-

escalated in intensity and optimised in terms of oncological outcomes. Through
incremental advances, Halstead's radical mastectomy has eventually been replaced

by the sophisticated oncoplastic techniques for breast conserving surgery used today
that maintain the oncological benefit but also achieve excellent cosmetic outcomes [5].
However, no matter how far surgical techniques evolve, surgery by its very nature involves
a scar and the potential for bleeding and haematoma, infection, cosmetic defect, seroma
formation and the potential for further surgery in the event of involved margins. This is in
addition to the risks and side effects of general anaesthesia. Compared with the standard
surgical procedure, the main advantages of minimally invasive percutaneous methods
include the absence of general anaesthesia (and the associated side effects, risks and
monitoring), no cut in the skin or a small incision for needle/probe insertion compared
with incisions used for conventional surgical excision, and, therefore, less scarring,
better cosmetic outcome, less pain, shorter recovery time and the corresponding health
economic benefits [6-8].

Non-surgical systemic treatments for breast cancer in the form of endocrine therapies
have been used in older women who may be unsuitable for surgery due to frailty and/or
multiple comorbidities. Outside this particular group, treatment of early breast cancer
without surgery is not recommended as part of standard care. However, therapies under
investigation include: (1) ionising radiation (radiotherapy using photons, protons, or
carbon ions), (2) thermal ablation [using microwaves, radio waves, laser, high-intensity
frequency ultrasound (US) or cryoablation], (3) image-guided vacuum needle excision.
Each of these therapies aims to achieve either precisely targeted lethal damage to cancer
cells within the unresected breast, termed ‘ablation; or vacuum excision of a small area
of low-grade disease and may offer an alternative to surgery in select cases in the future.
In this chapter, we describe these percutaneous treatments, highlight their benefits
and risks, and discuss how they may fit into future clinical practice in breast cancer

treatment.

ABLATIVE RADIOTHERAPY

Radiotherapy uses ionising radiation to cause cancer cell death. Normal healthy cells

can also be damaged by radiation which results in adverse effects, but unlike cancer

cells, normal cells are better at repair. Nowadays, most women being treated for early
breast cancer receive adjuvant photon radiotherapy after their surgery to treat any
potential residual microscopic disease. Randomised trials have shown that external
beam radiotherapy using photons (+ electrons) reduces the risk of local recurrence and
improves survival from breast cancer when targeted at the whole breast after breast
conserving surgery, or the chest wall after mastectomy in lymph node positive cancer
[2,3]. Adjuvant radiotherapies using other types of ionising radiation, such as protons and
carbon ions, are under investigation because for some women, they may better minimise
doses to normal cells and, therefore, carry fewer adverse effects [9]. Radiotherapy for
unresected breast cancer is not currently recommended as part of routine breast cancer

management in the UK.
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The majority of studies reporting outcomes after ablative radiotherapy for early
breast cancer were published before the 1990s [10-20). ‘These studies mainly reported
retrospectively upon non-randomised cohorts of patients treated in France, Belgium,
Canada and the USA between the 1950s and 1990s. The characteristics of patients eligible
for inclusion in these studies were wide-ranging. Some patients were offered ablative
radiotherapy as their small operable breast cancers were considered potentially curable
with radiation. Others were offered ablative radiation becanse they were considered
inoperable,

The technigues used to deliver the course of radiotherapy in these studies varied but
most commonly involved two phases of treatment, First, approximately 40-60 Gy was
delivered in 2-3 Gy fractions to the affected whole breast using external photon beams
(e.g. Cobalt-G0, 4 MV). Second, a boost of between 10 and 40 Gy was delivered in 2-3
Gy fractions to the breast cancer using either external beams of photons, electrons, or
interstitial implantation of lridium-192, Cesium-137 or Radium-226.

Later publications from centres in France reported on the use of hypofractionated
ablative external beam photon radiotherapy for patients with breast cancer over the age of
70 years considered unsuitable for surgery for reasons of a locally advanced breast cancer,
significant medical co-morbidities, or declining surgery [14,21]. Doses of 32.5 Gy in 6.5
Gy fractions were given once weekly to the whole breast, This was followed by a boost to
the breast cancer of between one and three 6.5 Gy fractions, using external beam photons
or electrons. Such high doses per fraction were considered acceptable because the study
population was elderly and, therefore, the slight increased risk of late adverse effects
tolerated.

Many of these early publications demonstrated the relationship between radiation
dose and the probability of local breast cancer control, and its variation with breast cancer
size [15,22]. Many studies also reported that the higher doses of radiation used to achieve
local control of breast cancer resulted in considerable adverse cosmetic effects on normal
breast tissue [13,17]. In comparison, adjuvant radiotherapy directed at microscopic
disease required lower doses of radiation to achieve local breast cancer control and,
therefore, could achieve better cosmetic outcomes. The focus of clinical research shifted
away from ablative radiotherapy towards comparing outcomes from mastectomy with
breast conserving surgery and adjuvant radiotherapy [2]. The radiotherapy technology
and techniques used in these early studies of ablative radiotherapy are now considered
outdated.

There are few published outcomes from ablative radiotherapy for early breast cancer
delivered after the year 2000, but those available report on the use advanced radiotherapy
technologies such as stereotactic radiotherapy, proton beam therapy, and carbon ion
therapy. These technologies can theoretically improve doses to the cancer and better spare
surrounding normal tissues and organs. For example, one pilot study from Japan treated
11 patients with breast cancer using stereotactic ablative photon radiotherapy. A dose
of 50 Gy in 25 fractions was delivered to the whole breast followed by a boost of 21 Gy in
three fractions of stereotactic radiotherapy to the tumour [23,24]. Stereotactic radiotherapy
accounts for tumour motion and is delivered using intensity-modulated radiotherapy
techniques which result in dose distributions that tightly cover the cancer with steep dose
gradients away from neighbouring normal tissues and organs. All patients had a complete
or partial response on computed tomography (CT) or magnetic resonance imaging
(MRI) scans, However, two patients developed locoregional recurrence, and one distant
metastasis,
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There are no randomised comparisons between ablative rﬂdicthera.py an_d standard of
care. However, there are non-randomised clinical trials of ablative radmthena?y I'f}r early
breast cancer underway, e.g. NCT03585621 and NG’I‘UE:—]IBESGI. m!d new applications of
ablative radiotherapy for early breast cancer are emerging in the literature [EIE.ZE}. f:‘ur
example, there are some case reports describing the EIi]El‘lI‘I‘II’.‘.t‘llﬂ! use of StFlEﬂlﬂEtIE
ablative radiotherapy for early breast cancer in place ol surgery Wilhﬂl:lt adjuvant whole
breast radiotherapy [21,27,28]. Similatly, one centre in Japan has published outcomes afie,
using passive delivery of 60 Gy carbon ions given in once weekly fractions of 15 Gy I’i:l*{r early
breast cancer [29]. 14 patients considered unsuitable for surgical management of their >3
cm invasive ductal carcinomas (IDC) were included. A complete response as assessed op
US and MRI was seen in 13 patients and one patient had a partial response. After a mediap,
follow-up of 61 months (range 51-87), there had been one It.}-:nl recurrence. The maximum
grade toxicity was grade 1 acute skin reaction seen in 10 patients.

With so few data available, it is not yet possible to evaluate whether modern ablative
radiotherapy techniques can replace surgery in the management of early breast cancer in
specific cases, but the increasing availability of advanced radiotherapy technologies are
likely to drive further research in this area.

THERMAL ABLATION

Techniques for thermal ablation involve non-surgical percutaneous treatment to

induce necrosis in tumour cells and with a shorter recovery time and better cosmetic
result than surgical excision. Currently, thermal ablation te chniques include cryoablation,
radiofrequency ablation (RFA), laser ablation (LA), microwave ablation (MWA) and high-
intensity focused ultrasound (HIFU) ablation. Each of these is described below.

Cryoablation

Cryoablation is the use of localised extreme cooling to induce necrotic tumour cell death.
The cryoablation probe is inserted into the centre of the tumour guided by US and cooled
to below -30°C. A spinal needle parallel to the cryoablation probe is used to inject sterile
saline to maintain at least 2 mm separation between probe and skin. Cryoablation devices
can either use liquid nitrogen or argon gas. The cooling occurs through a freeze-thaw-freeze
pattern to maximise the area of necrosis within the tumour, as previously damaged tissue is
a better conductor of cold temperatures.

The majority of recent trials of cryoablation have included patients with unifocal IDC
or ductal carcinoma in situ (DCIS) < 1.5 cm [30-32]. Some trials specified an inclusion
criterion of breast cancers with low risk of recurrence, such as those with a favourable
receptor profile and no extensive intraductal component. Invasive lobular carcinomas
tended to be excluded because of the difficulty visualising their indiscrete margins on US. A
minority of trials included patients with unresectable breast cancers or patients considered
unsuitable for surgery.

Recent studies reported success rates of around 76-97% [30-34]. Success was usually
defined as complete ablation and lack of recurrence after 5 years as measured on MRI and/
or histologically. One of the largest trials in the field was ACOSOG 21072, a phase 11 trial of
cryoablation for unifocal IDC or DCIS of <2 cm, which reported successful cryoablation in
75.9% of cancers [35). Reported adverse events in cryoablation trials include mild effects
such as bruising, localised oedema, pain and bleeding. Moderate adverse effects included
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freeze bums, inflammation, infection and skin retraction. Fat necrosis, a serious adverse
effect, was rare [30,32-35),

Cryoablation has previously been approved by the Food and Drug Administration
(FDA) for kidney and liver cancers and benign breast tumours but has not yet heen
approved in the UK or USA for breast cancers. Ongoing non-randomised trials of
cryoablation for breast cancer include ICE3 (Cryoablation Without Excision for Low-Risk
Early-Stage Breast Cancer) and FROST (Freezing Instead of Removal Of Small Tumours)
30,32]. The interim results of ICE3 estimate the ipsilateral breast tumour recurrence
rate to be 2.06% after a median follow-up of 5 years, for early-stage breast cancer <1.5
cm HR+ and HER2- in 194 women [32], There is an ongoing randomised trial, COOL-IT
(NCT05505643), which plans to randomise 256 participants with <2 em breast cancer
to either cryoablation or lumpectomy [36]. Planned primary outcomes are safety and
ipsilateral breast cancer recurrence [36],

Radiofrequency ablation

For RFA, an electrode is inserted into the tumour, where radiofrequency alternating
currents cause resistive heating leading to localised coagulative necrosis of the surrounding
tumour cells. The heating procedure takes approximately 30 minutes, The power is

initially set to 12-15 W and increased stepwise till a maximum of 60 W until the maximum
resistance and a temperature of 68-100°C is reached.

One of the first reports of the use of RFA for breast cancer was in 1999, Jeffrey and
colleagues reported the use of RFA in five patients with locally advanced invasive breast
cancers measuring >5 cm. The procedure was performed under general anaesthesia [37].
More recent studies perform RFA under local anaesthesia and aim to treat smaller breast
cancers (<2 cm).

Most patients included in studies of RFA underwent surgical excision, radiotherapy
and systemic adjuvant therapy after the intervention in alignment with standard care.
Therefore, the success of RFA was mostly defined as complete resection, determined
through histological staining of biopsy tissue. Response on MRI was also reported in some
studies. Reported success rates ranged from around 80-100%. As with other thermal ablation
techniques, the probability of successful ablation was greatest for tumours of <2 cm. For
example, a study by Ito and colleagues reported an ipsilateral breast tumour recurrence-free
rate of 94% after 5 years in tumours <2 cm compared with 84% in tumours >2 cm [38].

A recent randomised control phase II trial found that REA was effective for local
tumour control [39]. However, recruitment was terminated due to higher rates of breast
inflammation and infection in the RFA compared to the lumpectomy group [39]. In
general, recorded side effects of RFA include pain, burns, nipple retraction and calcified
lump formation [27,28]. RFA has previously been approved in the UK for hepatocellular
carcinoma, but not currently for early breast cancer [40].

Laser ablation

Laser ablation uses an image-guided laser optical fibre inserted percutaneously into the
target tumour to heat the tumour to a specified temperature, resulting in the tumour cell
death. Cell damage can be induced by prolonged exposure of 45-55°C or short exposure of
over 60°C, where the laser can be delivered on high or low power and pulsed or continuous
[41). Two incisions are made in the tumour, one in the centre for the laser probe and a
peripheral one for a thermal probe to measure ablation progress.
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Laser ablation was first used for small breast cancers in 1994 [42]. Trials of LA since
this time have included patients with breast cancers of varying stages, [or example, those
with unifocal IDCs of <2 cm, as well as those with stages 2-3 multifocal breast cancer or
unresectable breast cancer. Recent trials have reported success rates of around 84-100%,
validated using MRI, biopsy histology, mammogram, or positron emission tomography
(PET). Pain was a commonly reported adverse effect, with others including lump
formation, haematoma and erythema. Fat necrosis was rare. The Novilase Br-002 phase []
trial showed 84% complete tumour ablation after one LA procedure [43]. Novilase Br-003 jg

currently underway in a larger cohort of patients [44].

Microwave ablation

Microwave ablation uses electromagnetic microwaves (2900 MHz) to generate heat from

a probe which induces tumour cell death by coagulative necrosis. Microwaves heat up
tumour cells preferentially to adipose tissue, minimising damage to the surrounding breast.
The procedure is normally US-guided, where the probe is inserted into the tumour for 2-3
minutes. Multiple probes may be used for larger lesions.

Recent studies of MWA for early breast cancer have usually included patients with
unifocal IDC = 5 cm. One study was indicated in locally advanced unresectable breast
cancer. These preliminary studies have shown a complete ablation rate of around 91-95%,
with side effects including mild burns and pain.

Alarger scale non-randomised trial (NCT04626986) of 300 patients with IDC of <5 cm
is currently ongoing comparing MWA to breast conserving surgery [45]. Primary outcome
measures are overall survival and cosmetic satisfaction. Another ongoing randomised
trial (NCT04805736) is investigating the safety and complete ablation rate of MWA with or
without the addition of Camrelizumab, an immunotherapy agent to determine whether
there may be a synergistic effect [46]. MWA for breast cancer is currently not approved for
use in the UK or USA.

High-intensity focussed ultrasound

High-intensity focussed ultrasound is amongst the most advanced of the thermal ablative
approaches for breast cancer treatment. It works by passing US waves through the skin
that are then focussed onto the cancer [47]. Once targeted, these US waves increase the
temperature at the site of the cancer and within a few millimetres of it, destroying the
cancer cells by thermal ablation without damaging surrounding normal tissue [48). On a
microscopic level, the tissue undergoes a process of protein denaturation, epithelial necrosis
and coagulation [48].

Building on the promising body of preclinical research showing HIFU ablation to be
non-toxic and effective for the treatment of implanted breast malignancies, phases [ and
II clinical trials from China and Europe have since provided further evidence in favour of
using HIFU for early breast cancer [49]. However, there has been a wide variation in the
reported efficacy from HIFU, with successful ablation rates ranging from 20 to 100% [50).
The reason for this discrepancy is likely multifactorial and due to a combination of use of
different HIFU devices amongst the studies, each with varying specifications, lack of ‘real-
time’ imaging efficacy feedback and lack of long-term experience in its use j
. Kim and colleagues undertook a systematic review of the effectiveness'uf HIFU
in breast cancer and noted that in order to examine HIFU ablation as an alternative
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treatment option for breast cancer, further long-term follow-up studies on safety,
technical effectiveness and survival rate are required [50]. In a recent systematic review
of the published literature, Peek and colleagues concluded that large scale prospective
clinical trials were required to confirm the utility of HIFU for breast cancer [7]. However,
prior to undertaking such trials, evidence of consistent tumour and margin necrosis is
required.

TRANSCUTANEOUS VACUUM-ASSISTED
NEEDLE EXCISION

Vacuum-assisted needle excision is used as standard of care in the treatment of various
lesions of uncertain malignant potential, termed ‘B3’ lesions. These lesions include:
atypical intraductal epithelial proliferation (AIDEP), classical (not pleomorphic) lobular
neoplasia, flat epithelial atypia, radial scar with or without epithelial atypia and mucocoele-
like lesion with or without epithelial atypia. Amongst B3 lesions, surgical excision is
reserved for papillary lesions with epithelial atypia, cellular fibroepithelial lesions and

for certain other lesions [51]. The use of VAE in the context of invasive breast cancer is
currently being investigated by the ongoing SMALL trial [52].

The SMALL trial is a phase III, randomised controlled trial that includes women aged
=47 years old with small (€15 mm), screen-detected, grade 1 breast cancers that are
strongly oestrogen and progesterone receptor positive and HER2 negative. It is randomising
b=tween conventional surgical excision versus VAE for these lesions and will examine both
re-excision following initial procedure at 3 months after the end of the recruitment period
and local recurrence-free survival time as primary outcome measures. The results of this
trial will help to identify whether clinical practice should move away from conventional
surgical excision for small, prognostically favourable invasive breast cancer.

DISCUSSION
Patient’s selection

Percutaneous ablative approaches have mainly been studied in patients with small breast
cancers considered to carry a low risk of recurrence, and/or those considered unsuitable
for surgery. For both ablative radiotherapy and thermal ablation, the effectiveness of

the interventions varies according to tumour size [53]. The potential future role of these
percutaneous approaches is, therefore, likely to be in carefully selected patient groups, such
as those with prognostically very favourable tumours or potentially those not fit for general
anaesthesia and, therefore, breast surgery. Mechanical needle excision, already used in the
treatment of B3 lesions, could also be used in the same setting,.

Advantages compared with surgery

Many of the advantages from avoiding the risks of general anaesthesia and complications
associated with a larger cut in the skin from surgery have been listed above. However, a
potential advantage of certain minimally invasive percutaneous techniques is that ablating
breast cancer cells in situ may provide antigens to train the immune system to eradicate
residual cancer cells elsewhere in the body [25,54].
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An association between ablative therapies and the immune system ]m:-:, been rtfcugnlse[l
since the 1960s. For example, there has been evi;lencu‘ to suggest lhnl.I [HIFU in Itsa,l{
activates a systemic antitumour immunity, thereby priming Ill-m body's imn;:.mr, s]:.fslm'u to
detect and thereby attack circulating or in situ cancer cells [55]. Although t ti:-;':]SLlﬂrC s at
too early a stage to provide concrete conclusions, it does suggest some possible advantageg
from HIFU treatment over surgery which have the potential to translate into longer terms
benefits of reduced breast cancer recurrence and improved survival, '

Preclinical evidence has shown immunostimulatory effects of ablation. Tumour cell
necrosis induced by ablation releases damage associated with molecular patterns, which is
detected by dendritic cells, which, in tun, co-stimulates T-cells to produce a systemic immung
response [56]. A clinical study suggests that as well as directly inducing tumour necrosis, MWa
also primes the T-helper 1 pathway which results in a secondary antitumour elfect (42,

Disadvantages compared with surgery

One of the main disadvantages of ablative approaches in comparison with standard
surgical technigues is that as the ablated tumour is not resected, it would not be available
for histopathological assessment. Postoperative pathological assessment of the resected
tumour provides information about whether the cancer has been completely removed
with a clear margin and pathological information that guides prognostication and adjuvant
treatment decisions. It may be possible to obtain some of this information from imaging
and biopsy tissue. While lack of pathology information is not an issue with percutaneous
vacuum needle excision, margin assessment remains a constraint.

In the case of ablative radiotherapy, treatment is delivered in divided doses over a period
of days or weeks, and, therefore, takes longer than surgery. It also carries risks of acute and
late adverse effects on surrounding normal tissues and organs, the extent of which likely
varies according to the type of ionising radiation and delivery technique used.

CONCLUSION

Percutaneous ablative and vacuum excision approaches offer the potential to avoid
primary surgery and the associated complications in carefully selected patient groups,

for example, those with small breast cancers considered to carry a low risk of recurrence,
and/or those considered unsuitable for surgery. However, there are technical challenges

to resolve before percutaneous ablative methods that can be used in routine care.
Advancements in preoperative imaging and technological developments in prognostication
for adjuvant treatment decision-making will address some of these current limitations.

At present, there is insufficient evidence gathered to support the use of percutaneous
treatments for breast cancer outside of clinical trials, but there may be a role for these
minimally invasive techniques in future following further research.

Key points for clinical practice

+ Routine management of early breast cancer usually involves surgery. This is often followed
by adjuvant radiotherapy. In many cases,

(endocrine therapy, chemotherapy,
L also recommended

one or more systemic adjuvant therapies
targeted biological therapy and bisphosphonates) are

)
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PEFCUlanenus ablative techniques cause targeted lethal damage to cancer cells, and some
|1ea|lh},f cells within a very short distance of the target

Percutaneous methods are often performed with the patient awake or under light sedation,
and, therefore, have advantages over surgery, such as avoiding the risks of general
anaesthesia, avoiding surgical complications, and minimising any cosmetic defect

There are technical challenges to resolve before percutaneous ablative methods can be
used in routine care, such as ascertainment of margins, Identification of the optimal post-
treatment surveillance of ablated tumours, and while not as relevant for needle excision
approaches, ablative methods may also lack tssue availability to guide adjuvant treatment
If pretreatment biopsies are insufficient

Percutaneous methods have shown the most promise In early stage and small tumours but
also have shown benefit In patients unsuitable for resection

Ablative approaches are currently only used In clinical trlals but may have a role in selected
cases of breast cancer in future
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Contemporary management of
incidentally detected gallstones

Chiranjiva Khandelwal, Utpal Anand, Kislay Kant

ABSTRACT

Asymptomatic gallstones are common incidental findings during abdominal imaging.
While most remain silent, a minority will develop biliary colic, acute cholecystitis, gallstone
pancreatitis, or—rarely—gallbladder carcinoma [1-4]. Management options include
expectant observation or prophylactic laparoscopic cholecystectomy. Although surgery is
curative, it carries measurable operative risks, making routine intervention unnecessary

in most cases [5-7]. Current evidence recommends observation for the majority and
prophylactic surgery only in well-defined high-risk situations, especially in gallbladder
cancer-endemic populations [8-11]. Routine cholecystectomy for cancer prevention is not
recommended.

INTRODUCTION

Asymptomatic cholelithiasis refers to the presence of gallstones discovered incidentally
through imaging in asymptomatic individuals. The growing use of ultrasonography in
antenatal care, non-specific abdominal evaluations, and occupational health screening
has resulted in more frequent incidental detection in otherwise healthy people [1-3].
Management differs worldwide based on factors like incidence of local gallbladder cancer,
patient risk profile, and healthcare resources.

PREVALENCE :

Gallstone disease affects 10-20% of adults in many populations, with over 80% of cases
remaining asymptomatic [1-3]. Among those with silent gallstones, only 1-2% per year
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develop symptomatic disease requiring intervention. Prevalence is high (10-15%) in the
US, Mexico and Sweden, moderate in Indla (5-10%) and lower (3-6%) in Bangladesh, Japan
and Thailand [8-11], These reglonal differences are Influenced by multiple factors such as
diet, genetics, body mass Index, age distribution, sex ratlo, and access o imaging.

NATURAL HISTORY

Long-term observational studies demonstrate that the majority of individuals wit‘h .
asymptomatic gallstones never develop symptoms [4,12-14]. The University of Michigan
longitudinal data showed symptoms in 10% at 5 years, 15% at 10 years, and ]B‘}fj illt 15 :
years, respectively. Nearly all symptomatic cases are preceded by episodes of biliary cnlfc..
Annual rate of symptom onset remains low (1-2%) and severe complications {EhGIEC}’S.HtIS
and pancreatitis) rarely occur without warning pain. These findings support conservative
management for the most asymptomatic cases, with the understanding that biliary pain
typically provides adequate warning before serious complications develop.

ASYMPTOMATIC GALLSTONES AND GALLBLADDER
CANCER

Although gallstones are present in most gallbladder carcinoma (GBC) patients, only 0.3-3%
of gallstone carriers develop GBC over 20 years [15-19)].

High-risk factors for gallbladder carcinoma development

Stone characteristics

Geographic risk:

e Stones >3 cm

¢ High stone volume

* Long-standing gallstone disease

o Cholesterol-predominant stones (common in endemic areas)

* High-incidence regions: Northern India, Chile, and parts of Japan [8,20-27]

Additional risk factors:

* Environmental exposures (arsenic and pesticides)

* Genetic predisposition

Chronic Salmonella typhi carriage

Congenital pancreaticobiliary mal-junction [26,28-31]

Clinical implications
* Inlow-risk areas, prophylactic cholecystectomy is not routinely recommended for silent
gallstones due to the minimal cancer risk.

* Inendemic areas like Chile, selective surgical prevention may be justified based on
individual risk profiles.

This risk stratification helps to guide personalised management of asymptomatic gallstones
carrier worldwide,
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Management

MANAGEMENT

Management of this condition balances its typleally benign course In most patients against
the rare but serfous risks of future symptoms, complications, or malignancy. ‘Three key
strategies are employed:

1. Expectant (conservative) management: Monltoring without intervention

2. Routine prophylactic cholecystectomy: Preventive gallbladder removal in all cases

3. Selective prophylactic cholecystectomy: Surgery reserved for high-risk patients

Expectant management is appropriate for approximately 80% of carriers, given the slow
annual progression rate of just 1-2%. It avoids operative risks such as bile duct injury
(0.1-0.5%), major bleeding, visceral injury, and post-cholecystectomy syndromes, while
remaining cost-effective [1-7].

Successful implementation requires:

e Patient education on warning signs (biliary colic, jaundice, fever, and pancreatitis)

e Regular follow-up to monitor for complications

» Lifestyle modifications (healthy weight, diet, exercise, and smoking cessation)
mitigates risk

Routine prophylactic laparoscopic cholecystectomy prevents all gallstone-related
complications and may reduce GBC incidence in endemic areas [6,7,32-34]. It is technically
easier in asymptomatic patients but is not cost-effective in low-risk populations, exposes
many to unnecessary surgery with inherent operative risks [5-7,31,32].

Current guidelines recommend this approach only for:
* Patients in endemic areas with a long-life expectancy
» Those with a strong family history of GBC

Selective prophylactic cholecystectomy focusses on patients with the greatest likelihood of
future symptoms, complications, or malignant transformation, aiming to prevent these
outcomes while avoiding unnecessary surgery in low-risk individuals.

High-risk stone features include:

+ Stone diameter > 3 cm

* Clusters of tiny stones under (<3 mm) with a patent cystic duct predisposing
to pancreatitis

¢ Floating calculi or multiple stones

e Large total stone volume

Key patient risk factors:

* Age <55 years with a life expectancy exceeding >20 years

¢ Female sex, obesity, and smoking

» Strong family history of gallbladder cancer

* Residence in high-incidence geographic regions

In these cases—particularly in endemic areas—prophylactic laparoscopic cholecystectomy
is a reasonable, evidence-based intervention to mitigate elevated GBC risk.

Special consideration for prophylactic cholecystectomy

Certain high-risk patient subgroups may benefit from prophylactic cholecystectomy
irrespective of standard risk stratification [15,22-24,26].

-u‘ﬁﬂn'-:.ﬁ
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e Chronic hemolytic disorders (e.g. thalassemia and sickle-cell disease):

- High complication rates and poorer outcomes with emergency surgery, supporting

clective cholecystectomy.
o Solid organ transplant recipients:

- Cardiac transplant patients: Benefit from routine post-transplant cholecystectomy

— Renal recipients can usually be ebserved unless symptoms develop.

e Bariatric surgery candidates;
~ Rapid weight loss increases gallstone risk, making concurrent cholecystectomy
advisable.
e Long-term parenteral nutrition:
- High gallstone incidence and complication risk supports prophylactic removal.
o Incidental gallstones during abdominal surgery:
~ Elevated postoperative biliary event risk, often justifying removal during the
index procedure.
e Cirrhotic patients:

— Higher surgical risk can undergo laparoscopic cholecystectomy safely in selected

symptomatic cases, though most asymptomatic cases are observed.
e Diabetic patients:

- Higher gailstone prevalence, but similar complication rates to non-diabetics and thus

are generally managed conservatively unless symptomatic.

Clinical decision-making in gallstone management
Decision-making should be individualised, integrating evidence, patient-specific risk
factors, surgical fimess, and personal preferences [8,19-21].

Risk stratification

Factors favouring prophylactic cholecystectomy

Stone-related:

e Large stones (>3 cm)

» Multiple stones/high total stone volume

+ Small stones (<3 mm) (T pancreatitis risk)

Patient-related:

e Younger age +long life expectancy

e Residence in endemic regions (T gallbladder cancer risk)

* High-risk conditions (e.g. chronic hemolytic anemia, post-cardiac transplant, and
bariatric surgery candidates)

Factors favouring conservative management

» Elderly patients with significant comorbidities
* Low-risk stone features in asymptomatic patients
* Limited life expectancy

Shared decision-making
Cliniclans should discuss:
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o Surgical risks: Bile duct injury (0.1-0.5%) [5-7], bleeding, infection, post-

cholecystectomy syndromes
« Conservative managenent risks: -1-2% annual symptom/complication risk

Monitoring and lifestyle measures

e Patient education: Recognise red lags (biliary pain, jaundice, and fever).

o Lifestyle optimisation: Weight management, diet, and smoking cessation.

e Structured surveillance: Periodic ultrasound + clinical review for early intervention if risk
evolves.

Health system considerations

¢ Cost-effectiveness and resource availability guide policies.
o Most settings prioritise observation + rapid referral pathway; surgery is reserved for

high-risk cases.

r—

Key points for clinical practice

+ High-risk patients benefit from early surgery; low-risk groups often do well with monitoring
Transparent risk communication is critical for informed choices

+ Dynamic follow-up ensures timely intervention if risks change
| S—
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Recent advances in management
of acute cholecystitis

Christian Macutkiewicz

ABSTRACT

Biliary disease accounts for up to 40% of the emergency general surgery workload and
the management of acute cholecystitis has changed, from intravenous antibiotics and
delayed elective cholecystectomy to emergency cholecystectomy and management at
first presentation. The COVID-19 pandemic brought a halt to elective cholecystectomy
worldwide and patients remained on waiting lists with worsening disease. This has
brought different challenges with increasingly difficult gallbladders. This chapter
highlights the latest Tokyo guidelines, strategies to diagnose and manage the difficult

gallbladder, techniques in performing safe cholecystectomy and new technologies to help
the surgeon.

INTRODUCTION
Around 10-15% of adults in the UK suffer from gallstones. This, in turn, reflects on the
emergency general surgery workload, with symptomatic gallstone disease patients making
up to 30-40% of admissions from the emergency department. Most require definitive
operative management in the form of a laparoscopic cholecystectomy. Patients are often
discharged home with analgesia to be placed on an elective waiting list, with a risk of

a further episode of biliary colic in 50% of patients per year and the risk of developing
complications is 1-2% per year [1].

WHAT IS ACUTE CALCULOUS CHOLECYSTITIS?

Acute cholecystitis is characterised by abrupt and painful gallbladder inflammation. Its
main cause is blockage of the cystic duct, usually by a stone, which causes a build-up of
pressure in the gallbladder and then colonisation by bacteria. Most patients arrive with
pain in the right upper quadrant, a fever and raised blood inflammatory markers,

Christian Macutklewlez MBChB MD FRCS, Consultant General and HPB Surgeon, Manchester University NHS
Foundation Trust, Manchester, UK
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Imaging is [requently used to confirm the diagnosis, with ultrasonography being the
first imaging of choice. Antibiotics are used for the treatment of the causative organism. In
addition, pain management should be considered, and definitive therapy, which Includes
cholecystectomy, if the patient is fit, or cholecystostomy if unfit, should be planned.

Complications should be in mind when admitting patients with acute cholecystits to
avoid morbidity and mortality [2).

ACUTE ACALCULOUS CHOLECYSTITIS

Acute acalculous cholecystitis is an acute inflammation of the gallbladder without stones.
It is mainly due to hypokinesia of the gallbladder and delayed emptying of bile. Acalculous
cholecystitis is usually present with severe inflammation, which in some cases can be
life-threatening, with a higher risk of perforation when compared to the traditional
calculous acute cholecystitis. It is usually seen in severely ill patients [3]. The risk factors for
developing acute acalculous cholecystitis include sudden severe weight loss, use of total
parenteral nutrition and long periods of fasting. The mechanism includes bile stasis and
concentration of bile which in turn leads to bile salt concentration and pressure building.
This is typically followed by ischaemia and necrosis of the wall and perforation.

Diagnosis of acute cholecystitis

Diagnosis of acute cholecystitis requires the combination of symptoms, clinical signs and
blood and imaging investigations. The updated Tokyo guidelines (Box 9.1) (2018) provide
an approach for diagnosing acute cholecystitis [4].

Imaging modalities

Ultrasound

Ultrasound scan is the initial imaging modality for diagnosing acute cholecystitis. This is due
to ultrasound being readily available, easy to use and non-invasive. It is worth mentioning

( =
Box 9.1 Tokyo updated guidelines for the diagnosis of acute
cholecystectomy [4]

= Signs of local inflammation:

- Murphy's sign

— Right hypochondrial mass, pain or tenderness
»  Slgns of systemlc inflammation:

- Elevated white cell count

- Elevated CRP

- Fever

* Imaging: Imaging findings characteristic of acute cholecystitis

Suspected diagnosls: One Item In 1 + one Item In 2
Definite dlagnosis: one item In 1 + one item in 2 + 3

(CRP, C-reactlve protein)
N
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negative results in diagnosing acute cholecystitis with

that ultrasound has a high rate of false- .
bination

18% specificity and 81% positive predictive value. Accurate diagnosis requires a com
of clinical assessment, blood investigation and imaging modalities [5].

Computed tomography scan

Despite the inability to spot all the gallstones due to radiolucency, computed
tomography (CT) scans can help in diagnosing acute cholecystitis and might predict
the difficulty of the operation that will be performed [6]. In addition, CT scan is the
most useful investigation for diagnosing gangrenous and emphysematous cholecystitis.
The finding of acute cholecystitis should include either wall thickening of >4 mm, or
enlargement of the gallbladder of >8 cm on the long axis and >4 cm on the transverse
axis. Pericholecystic fluid, gallstones or fat stranding around the gallbladder might also

be seen.

Magnetic resonance cholangiopancreatography/magnetic

resonance imaging

Magnetic resonance cholangiopancreatography (MRCP) has a high specificity and
sensitivity for diagnosing acute cholecystitis, especially if the ultrasound was inconclusive
for the diagnosis. In addition, it provides extra value in delineating the anatomy of the
biliary tree to help diagnose complications if any are present, e.g. common bile duct stones
and any common hepatic duct narrowing from an inflammatory mass. Additionally, it
avoids exposing the patient to radiation and being suitable in pregnancy makes it superior

to CT scans in diagnosing acute cholecystitis.
Grading the severity of acute cholecystitis is challenging as there are several

classifications. The 2018 Tokyo guidelines are the most widely adopted and
comprehensive.

Grades of acute cholecystitis [4]

Grade | (mild) acute cholecystitis

Neither ‘Grade III' nor ‘Grade II' acute cholecystitis requirements are met. It can also be
described as acute cholecystitis in a healthy patient without organ failure and minimal
inflammatory changes in the gallbladder.

Grade Il (moderate) acute cholecystitis

Itis associated with any one of the following conditions:

Elevated WBC count (>18,000/mm?)

* palpable and tender mass in the right upper abdominal quadrant

¢ Symptoms >72 hours

* Imaging evidence of gangrenous cholecystitis, pericholecystic abscess, hepatic abscess,
biliary peritonitis or emphysematous cholecystitis

Grade Il (severe) acute cholecystitis associated with
organ/system failure

* Hypotension requiring vasopressor support
* Impaired level of consciousness
* Renal impairment: Oliguria, creatinine >176 pmol/L

PN
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* Respiratory impairment: Partial pressure of oxygen in arterial blood [PaDz]Hral:tiun of
inspired oxygen (FiO,) ratio <300

» Hepatic impairment: Prothrombin time/international normalised ratio (PT-INR) >1.5

¢ Haematological impairment: Platelet count <1,00,000/mm?

Management of acute cholecystitis

Treatment of acute cholecystitis should be considered after assessment of the general
patient condition and assessing the severity grade. National Institute for Health and Care
Excellence (NICE) guidelines published in 2014 recommended that patients with acute
cholecystitis should have their cholecystectomy within 7 days of their diagnosis [7].

Grade I (mild): Laparoscopic cholecystectomy should be performed if the patient can
tolerate surgery. If the patient cannot tolerate surgery, general supportive care with
antibiotics should be administrated until the patient’s condition improves to allow safe

surgery.
Grade II (moderate): General supportive care with antibiotics should be considered in

the first instance. If there is improvement in the patient’s condition, then laparoscopic
cholecystectomy should be performed if the patient can tolerate surgery and the

surgeon is experienced in dealing with acute cholecystectomies. An option for delayed
cholecystectomy is still present if the patient’s condition improves on the initial supportive
measures but not enough to allow a cholecystectomy within 7 days. However, if the initial
supportive measures fail to improve the patient’s condition, then urgent biliary drainage in
the form of a percutaneous cholecystostomy should be performed to provide sepsis source
control.

Grade I (severe): Organ support together with antibiotics must be started first to
normalise the physiological status of the patient. Following that, if the patient can
tolerate surgery, early laparoscopic cholecystectomy can be performed, provided

that an experienced surgeon and intensive care support are available on site. If the
patient is not able to tolerate surgery or the organ support cannot establish the normal
physiological status in a timely manner, biliary drainage should be considered to control
the inflammation.

Antibiotic therapy

Acute cholecystitis can vary from a mild attack requiring only a course of oral antibiotics, to
a severe attack which can lead to significant morbidity and mortality if not treated properly.
If applicable, cultures of bile which can be collected during surgery or percutaneous
interventions will help to identify the causative organism and will allow for more direct
therapy. Until culture results are available, broad-spectrum antibiotics according to the
local hospital protocols should be used. This should be ideally switched to a narrow-
spectrum antibiotic when the causative organism is identified. The main purpose of
antibiotic therapy in acute cholecystitis is to limit the inflammation locally and inhibit the
septic response, Antibiotic therapy will also inhibit wound infection if surgery is planned
and will prevent the progression of the disease to form a liver abscess (8]. Trials have shown
that ampicillin, piperacillin and aminoglycosides are superior in the treatment of acute
cholecystitls [8], In general, antibiotics for acute cholecystitis should be selected according
to the severity of the case.

s N
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Grade I (mild acute cholecystitis): Escherichia coli (E. coli) is usually the causative
organism; therefore, treatment with antibiotics targeting E. coli is recommended. Th -
include oral fluoroquinolones, oral cephalosporins, and penicillin/p-lactamase inhibitor
combination.

Grade 1l (moderate acute cholecystitis): Grade 2 acute cholecystitis requires more potent
antibiotic therapy that includes second-generation cephalosporins and broad-spectrum

penicillin.
Grade 111 (severe acute cholecystitis): Grade 3 acute cholecystitis is usually caused

by multiple and resistant bacteria. Third- and fourth-generation cephalosporins are
recommended first-line antibiotics followed by fluoroquinolones and carbapenems [9).

Biliary drainage (cholecystostomy)

If the patient cannot tolerate surgery due to comorbidities, frailty or severe sepsis, biliary
drainage (cholecystostomy) should be performed urgently to drain the biliary system

and provide source control for sepsis. This will be ideally followed by laparoscopic
cholecystectomy when the patient’s condition permits. There is no strong evidence
suggesting the optimal timing of laparoscopic cholecystectomy after biliary drainage
(cholecystostomy). However, the evidence suggests that performing laparoscopic
cholecystectomy early after cholecystostomy is associated with more bleeding, conversion
to open surgery and more complications [10].

Laparoscopic cholecystectomy
Previously, laparoscopic cholecystectomy for acute cholecystitis was performed only
when the acute attack had subsided. Acute cholecystitis was even considered a relative
contraindication for laparoscopic cholecystectomy based on the SAGES guidelines
published in 1993 [11]. This was mainly due to the consideration of technical difficulties
during surgery, injury to bile ducts and conversion to open surgery. Therefore, most
surgeons adopted a more conservative approach by starting the patients on antibiotics and
performing the surgery after 6-8 weeks.

Recently, strong evidence from the literature showed that, although performing
laparoscopic cholecystectomy early might be more technically challenging, there is no
difference in the incidence rate of serious complications. In addition, early laparoscopic

cholecystectomy involved shorter hospital stays than delayed laparoscopic cholecystectomy.

It also prevents readmission and provides a better patient experience [12].

The definition of early laparoscopic cholecystectomy has changed over time, At first, the
evidence from the literature suggested laparoscopic cholecystectomy be performed within
7 days of the onset of the symptoms. However, newer evidence shows that performing
laparoscopic cholecystectomy within 72 hours has better outcomes in the form of hospital
stay and overall cost with no significant change In the occurrence of serious complications
such as bile duct injury, It is worth noting that there is no significant difference in
performing laparoscopic cholecystectomy earlier than 72 hours [13),

The Chole-QuIC project [14]
The Royal College of Surgeons of England initlated a quality Improvement project in
October 2016, The alm of the project was to perform laparoscopic cholecystectomy
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within 8 days of admission in nearly 80% of eligible patients with gallstone disease.
13 hospitals around the UK shared in this project, which resulted in a significant
improvement in the quality of service provided by the participating trusts and better
patient outcomes.

This continued until the COVID-19 pandemic, which affected the ability to provide
enough operating theatre space to treat benign conditions including cholecystectomies ang
hernia repairs. This has led to an expansion of the numbers of patients on the waiting list,
and subsequent deterioration in their condition. Patients have had more attacks of biliary
colic, pancreatitis, cholangitis and acute cholecystitis during this time and, therefore, their
cholecystectomies have become more difficult. Further editions of Chole-QulC projects
have been released including CholeQuiC-ER, Chole-QuiC3 and lastly Chole-QuIC4. The
aim of these projects is to reduce the waiting time for cholecystectomy for patients with
gallstone disease and improve the patient experience.

DIFFICULT CHOLECYSTECTOMY

There is no consensus definition for difficult cholecystectomy, but it can be described
as an increased risk and incidence of complication compared to an elective
cholecystectomy. This is mainly due to repeated inflammatory attacks and distortion of
the anatomy.

Factors predicting difficult cholecystectomy
Factors predicting difficult cholecystectomy are listed in Box 9.2.

e
Box 9.2 Factors predicting difficult cholecystectomy [15] ol
Factors predicting prolonged operation:
Thick-walled gallbladder
Impacted stone in the neck
- High BMI
- Abscess formation
- Absence of wall enhancement
Factors predicting conversion to open surgery:
+ Gallbladder wall thickness >5 mm on ultrasound
= Age >60 years
+  Male sex
- Contracted gallbladder
» High BMI
« High ASA score

(ASA, American Soclety of Anaesthesiologlsts; BMI, body mass index)
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Box 9.3 Intraoperative difficulty scoring for cholecystectomy [16]
Gallbladder appearance:
» Adhesions around the gallbladder <50% 1
* Adhesions burying the gallbladder 3
Contraction/Distention:
Distended gallbladder 1
« Inability to grasp the gallbladder 1
+ Stone >1cmimpacted in the neck/Hartman's pouch 1
Access:
. BMI>30 kg/m? 1
Previous intraperitoneal adhesions 1
Sepsis: Pus or bile outside the gallbladder 1
Time to identify cystic artery >90 minutes ]
L (BMI, body mass index) J

Intraoperative difficulty scoring for cholecystectomy (Box 9.3)

Points above are added, and a final score is calculated. The final score can predict the
degree of difficulty. Scores <2 are considered mild. Scores from 2 to 4 are considered
moderate. Scores from 5 to 7 are considered severe and scores from 8 to 10 are considered
extreme [16].

How to manage a difficult cholecystectomy?

The main aim to manage a difficult cholecystectomy is to perform it safely, avoiding any
collateral damage to surrounding structures or bile duct injury. There is often distorted
anatomy due to acute or prolonged severe chronic inflammation where the common

bile duct can be mistaken for the cystic duct, leading to its transection. This will result in
significant morbidity, commit the patient to further procedures and will affect the patient's
quality of life. Other biliary tree and vascular injuries can occur including cystic stump
leaks, jatrogenic or thermal injury to the bile ducts and clipping of the right hepatic artery.
An acute laparoscopic cholecystectomy can range from being a straightforward procedure
to one of the most difficult and challenging operations the surgeon has ever performed.
There are, therefore, some important considerations when prepared for a difficult
cholecystectomy: :

Patient’s selection

Safe cholecystectomy starts with preoperative planning and the selection of the

patients, Specific factors have been found to be associated with an increased difficulty

of cholecystectomy (Box 9.2), Impacted stones in the neck, thick-walled gallbladders,

high BMI and absence of wall enhancement on imaging are associated with prolonged
operation, Male sex, thickened wall of the gallbladder >5 mm, advanced age, high BMI and
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a contracted gallbladder are associated with a more difficult operation and a higher rate of
open conversion, These patients with preoperative predictors of difficult cholecystectomy
are better managed by a surgeon with experience of difficult cholecystectomy or in a
specialised centre,

Access to the peritoneal cavity

The standard camera port placement in most patients is either supra- or infraumnbilical.
This will need to be tailored for obese patients as the umbilicus usually is shifted
downwards. The camera port should be ideally located 15 cm from the xiphoid process.
The triangulation rule should be used for the placement of other ports to allow for proper
manipulation and safe dissection. Following access, positioning of the patient is vital to
expose the gallbladder. Typically reversed Trendelenburg and a tilt to the left will help to
visualise the gallbladder. However, in obese patients, the normal positioning might not be
enough for proper visualisation of the gallbladder, as the omentum will be bulky and will
obscure the view. In these cases, an extra 5-mm port might be needed, to allow the assistant
to retract the omentum caudally or to place a liver retractor.

The critical view of safety

The concept of the ‘critical view of safety’ was first introduced in 1995 by Strasberg et al.
[17]. Itis a method to ensure normal anatomy is identified before any ligation or clipping
of ductal structures and vessels is performed. It includes dissection of the cystic plate to
expose at least the lower third of the gallbladder off the liver. This should be followed by
careful dissection of the hepatocystic triangle to expose only two structures entering the
gallbladder [18]. Stay close to the gallbladder.

Dissection should be in close proximity to the gallbladder, particularly in the
hepatocystic triangle. This dissection should be done anterior to a plane that passes
through Rouviere’s sulcus in the liver, which is the landmark of the right posterior sectoral
duct.

Avoidance of error traps

The infundibular or fundus-first technique has been described and used as a technique for
difficult cholecystectomies. Surgeons should be careful when using this technique, as the
cystic duct and right hepatic duct may become fused, with severe inflammation such thatit
can be easy to drift the dissection more proximally and very close to the major vessels and
ducts of the liver, causing injuries.

Use of cholangiography/indocyanine green

Several modalities can be used to help identify the anatomy of the biliary system.
Intraoperative cholangiography is useful to delineate the anatomy and can aid
identification of aberrant ducts and cystic duct insertions. In cases of possible
intraoperative bile duct injury, cholangiography or ICG may help to manage a difficult
situation [19-21].

Indocyanine green (ICG) can also be used to perform intraoperative near-infrared
fluorescence of the biliary structures, This is because ICG is selectively absorbed by the
liver after intravenous administration and then secreted into the bile. The surgeon can then
visualise the common hepatic duct and bile duct with the cystic duct insertion, using near-
infrared fluorescence technology. Limiting factors include obesity and dense inflammation,
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and the fact that a specialised camera stack with a white light source and a near-infrared
light source and a camera device recognising both sources is required.

Minimising the use of energy devices

Itis a common practice to use diathermy to dissect the hepatocystic triangle and to
fulgurate the gallbladder liver bed in case of bleeding. Although this is low risk for
superficial bleeding, there is a risk of injury to superficial bile ducts which may only secrete
bile once the eschar falls off the liver bed, which can happen a week later. Collateral
diathermy heat can also spread burn the common bile duct. This can cause a delayed

bile leak 5-7 days postoperatively. Using suction-irrigation instead of energy devices is
particularly useful with severe inflammation, oedema and tissue fibrosis; this can help to
delineate structures and reduces risk of collateral damage.

Team working and assistance

Having an external independent opinion from a colleague is always helpful. They will not
be affected by stress and so be able to assist with clearer judgement. They may provide
suggestions to help the progression of the operation and can scrub for assistance, especially
if there is a decision to covert to an open operation.

Conversion to open procedure

Conversion to open surgery is favourable to provide proper access and tissue manipulation.
However, the operation itself will still be difficult and challenging, as difficult laparoscopic
cholecystectomies will still be difficult with the open approach. It is useful to ask for a
second opinion before conversion, especially if the operating surgeon has no advanced
experience in laparoscopic skills [22].

How to manage bleeding?

Bleeding is always stressful for surgeons. However, it is vital to stay calm when bleeding
happens during cholecystectomy. The bleeding itself will eventually be controlled, but it
is the collateral damage that may happen when a surgeon is trying to control the bleeding
that can be irreversible, if proper care and techniques are not followed. Bleeding can be
classified into four main categories—vessel injury, clip slippage from the cystic artery or
other clipped vessels, liver bed bleeding and miscellaneous bleeding from anywhere else
during the surgery.

Vessel injury

Pneumoperitoneum establishment is considered the risky step of the operation. Injury to
major vessels, including the aorta, vena cava and iliac vessels, has been reported during
port or Veress needle insertion, with an incidence of up to 0.18%. This becomes riskier in
thin individuals where the distance between the aorta and the abdominal wall can be as
low as 1 cm. Major vessel injury has also been reported following scalpel skin incisions
for port placement [23]. The open Hasson technique for port insertion is considered

the safest option for the initial umbilical port insertion. However, vessel injuries

with the open Hasson technique are still reported [24], Usually, the major vessels are
retroperjtoneal and, in some cases, there is no apparent bleeding in the intraperitoneal
space, Exploratory laparoscopy should be performed always and any haematoma or
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expanding swelling in the avea of insertion should ralse susplclons of vascular Injury. |
The insertion of other ports can be less visky If it happens under vision, with the tip of the
trocar seen through the scope. Bleeding from the anterior abdominal wall due to injury to
the epigastric vessel can also happen. Injury to the right hepatic artery or portal vein can
happen during dissection of the Calot's triangle, particularly with distorted anatomy and
sharp dissection [25].

If injury to one of the major vessels occurs, immediate identification and rapid response
are required to save the patient. This includes immediate conversion to laparotomy and
proper control of the situation, while seeking help and advice from a colleague with the
correct level of expertise in managing the situation, usually a vascular surgeon. Injury to
the right hepatic or portal vein will also require a prompt decision for open conversion, as
trials to control this laparoscopically will lead to more morbidity and mortality. Injury to
the vessels of the anterior abdominal wall can be prevented by proper illumination of the
abdominal wall during the port insertion and by avoiding any visible epigastric vessels.

Slipped clips

Bleeding due to slipped clips can happen during cholecystectomy; this might obscure the
field and will require the surgeon to be calm and act wisely. Clipping randomly without
direct vision and overuse of diathermy should be avoided as it may not control the
situation and can result in irreversible damage. The use of the suction device or swabs to
dry the area, followed by application of direct pressure and reassessment of the situation,
is recommended. After direct pressure, dissection of the bleeding vessel can usually be
performed. If the surgeon thinks that clips can be applied safely under vision, to control the |
bleeding vessel, this should be tried. However, if this cannot be achieved, then conversion
to open procedure to control the situation is the most appropriate next step.

Bleeding from liver venous sinusoids/venous bleeding

Most venous bleeding will stop by direct pressure. However, bleeding from liver sinusoids
is sometimes refractory to pressure. Tributaries of the middle hepatic vein lie in close
proximity to the gallbladder fossa and can cause torrential bleeding if entered. Again,
random use of diathermy and clipping randomly should be avoided, as it may cause
damage to the superficial bile ducts in the liver and cause further bleeding from another
sinusoid. High-intensity diathermy to severe bleeding in the gallbladder fossa risks major
haemorrhage developing from tributaries of the middle hepatic vein. This should also be
avoided due to the added risk of injury to the deeper bile ducts causing significant bile
leaks. Pressure should be used as the first step to control and the surgeon might continue
the dissection elsewhere. This should then be followed by a reassessment of the situation
and the use of topical haemostats to help achieve control. Products, such as Surgicel,
Fibrillar and FloSeal, are useful adjuncts to haemostasis and avoid collateral damage to bile
ducts [26].

Miscellaneous bleeding

This can be any bleeding encountered during the operation, Omental adhesions to the
liver may cause liver capsule tears and bleeding during retraction of the gallbladder. Liver
injury and bleeding can happen during manipulation and dissection. Minor and superficial
bleeding from the liver capsule tear can be managed by diathermy or by applying
absorbable haemostats or clips to visible vessels,
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When to stop and how to bail out?

One of the most difficult decisions to take during laparoscopic cholecystectomy is to bail
out before any irreversible vascular or bile injury could happen. Indicators which will help
this decision include unclear anatomy, failure of progression and inability to obtain the
critical view of safety in a safe manner. Once a decision has been taken that the operation is
failing to progress, there are several bail-out options.

Abandoning the procedure

Simply stopping and abandoning the procedure is considered very safe and wise if the
dissection planes and anatomy are not clear. Patient safety is paramount and abandoning
the operation is better than causing serious bile duct injury, which will cause significant
morbidity and have implications on the patient’s quality of life. Interval cholecystectomy
can be reattempted after 3 months, or it may be preferable to refer the patient to a specialist
centre.

Biliary drainage (cholecystostomy)

This can be achieved by opening the gallbladder fundus and suctioning the contents. This is
followed by placing a Foley catheter or drain into the gallbladder fundus with a purse-string
suture to secure it. Interval cholecystectomy can be reattempted after 3 months or, referral
to a specialist centre may be considered.

Subtotal cholecystectomy [27]

Two types of subtotal cholecystectomy (Figure 9.1) can be identified in the literature:

1. Subtotal reconstituting cholecystectomy - when the gallbladder wall is sutured to
the top of the cystic duct/Hartmann's pouch and the stump closed. A small remnant
gallbladder is created from the remaining portions of the gallbladder.

2. Subtotal fenestrating cholecystectomy - when the remaining part of the gallbladder is
left open and the internal opening of the cystic duct either sutured with a purse-string
or left open and drained.

Both are considered safe; however, the fenestrating subtotal cholecystectomy is more
widely used as there are fewer risks of stone formation. The technique for both starts by

GB lumen | chalecystectomy, GE, gallbladder,
I
|

r — Figure 9.1 Two types of subtotal
Suture line ]

Cystic duct
opening

Recopstituting subtotal Fenestrating subtotal :
cholecystectomy cholecystecotmy
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Incision of the anterlor wall of the gallbladder and extraction of stones and suction of any
bile, The Incision should be extended to remove most of the anterior wall of the gallbladder.
The inside of the gallbladder then should be examined and if the cystic duct opening

is dralning bile, it should be closed by suturing. Finally, a drain should be left near the
gallbladder fossa to drain any bile that may leak.

RECENT ADVANCES IN LAPAROSCOPIC
CHOLECYSTECTOMY

Laparoscopic cholecystectomy is one of the most frequently performed surgeries
worldwide. The traditional cholecystectomy is performed by insertion of 3 or 4 ports,

with two 10-mm ports and two 5-mun ports. Technology has advanced to include mini
laparoscopic cholecystectomy using 3-mm ports [28] and single-incision laparoscopic
surgery (SILS) cholecystectomy [29,30]. Natural orifice cholecystectomy has been
described but not widely adopted [31]. Robotic cholecystectomy is an emerging technique
that may be useful in the treatment of acute cholecystitis [31-34].

CONCLUSION

Biliary discase accounts for up to 40% of the emergency general surgery workload and acute
cholecysutis is a common presentation. The management of acute cholecystitis depends

on the sevenity and patient’s fitness for surgery, and cholecystectomy is safe and effective

if perforrned within 7 days as advised by the NICE guidelines. Safe dissection techniques,
management o complications such as bleeding and calling for help if there are doubts on
the aratomy e important aspects of managing the ‘hot gallbladder’. Techniques such as
intraoperztive cholangiography, ICG fluorescence and intraoperative ultrasound can help
identily structures and prevent injury to the biliary tree. Bailout options such as subtotal
cholecystectomy, cholecystostomy and placing drains and abandoning the procedure
should be the last resort but have a role in preventing bile duct injury and referring to
specialist centres. Emerging technology such as robotics has not been proven to be safe and
effective in the difficult gallbladder and should be used with caution.

Key points for clinical practice

« Gallstones are a common cause of emergency general surgery workload, accounting for
30-40% of admissions in the UK

+ Acute acalculous cholecystitis is a life-threatening inflammation of the gallbladder without
stones, usually seen in severely ill patients, and caused by bile stasis and concentration
leading to ischaemia, necrosis and perforation

« The diagnosis of acute cholecystitis requires the combination of symptoms, clinical signs
and imaging investigations, The 2018 Tokyo guidelines provide an approach to diagnosing
acute cholecystitis

» Management of acute cholecystitis depends on the severity - NICE guidelines advise that
laparoscopic cholecystectomy is safe and effective in the management of acute cholecystitis
within 7 days and should be offered In those that are fit for surgery
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. Antibiotic therapy Is an important aspect of treatment, with broad-spectrum antibiotics
according to local hospital guidelines used, until the causative organism Is identified

- Difficult cholecystectomy is described as an increased risk and incidence of complications
compared to elective cholecystectomy, mainly due to repeated inflammatory attacks and
distortion of the anatomy
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Management of rectal injuries

Deborah Keller, Richard Cohen, James J Crosbie

ABSTRACT

Rectal injuries occur in both military and civilian practice. The mechanism and extent of injury
vary considerably. However, a knowledge of the anatomy of the rectum is essential, particularly
its relation to the peritoneal cavity. The majority of rectal injuries are extraperitoneal in the
lower part of the rectumn and can often be managed without the need for laparotomy or bowel
resection. Intraperitoneal injuries of the upper rectum can cause peritonitis leading to sepsis
and require early resuscitation and treatment. The traditional 4 Ds app roach - debridement,
diversion, drainage and distal rectal washout - has been superseded by treatment tailored

to the patient’s specific rectal injury and any other concomitant injuries or comorbidities. A
diverting stoma is not mandatory for all cases but may still be a useful option for those with
significant contamination, sphincter disruption or serious comorbidities or haemodynamic
instability. Options for repair will be discussed in this chapter.

e — -—— AT

INTRODUCTION

The management of rectal injuries was historically based on long-standing wartime
practices. The immediate need for damage control procedures to improve mortality

in military situations became the norm for rectal injuries in civilians as well, despite
differences in the patients and injury mechanisms. Management continues to be refined
with improved technology, experience and evidence-based research. Old dogmas, such as
the 4 Ds of rectal injury, avoiding definitive repair or resection in the damage control setting
and a mandatory colostomy, are no longer universal truths. A knowledge of the current
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guidelines and lterature Is needed 1o ensure the best management Is utilised to optimise
patient outcomes. In this chapter, the history and evolution of rectal injury management
will be reviewed,

HISTORY OF RECTAL INJURY CARE

The management of injuries during wartime had a great influence on the treatment of all
traumatic injuries. Understanding the history of rectal injury management is important,
as these traditions continue to have great influence on current practice. In the 1860s,
patients with colon and rectal injuries were managed expectantly and mortality was
nearly universal. During World War 1, surgical management became the norm for rectal
injuries, with an ensuing reduction in mortality to between 60 and 75% [1]. During World
War 11, Sir William Ogilvie directed British surgeons to perform faecal diversion for all
colorectal injuries, a command that was soon mimicked by the US Surgeon General,
who similarly mandated colostomy or ‘exteriorisation’ for all combat colorectal injuries
[2,3]. With universal diversion, immediate mortality rates further declined to between 53
and 59% [1,2]. Hence, diversion became the dogma for rectal injuries, even in postwar
civilian surgery, despite the dramatic differences in patient and injury patterns. During
the Vietnam War, Lavenson and Cohen introduced distal rectal washout, with the thinking
that the washing out of faecal debris would prevent pelvic contamination. This further
reduced the mortality rate and popularised the ‘four Ds’ as the standard treatment of
rectal injuries [4]:
1. Debridement
2. Diversion
3. Drainage
4, Distal rectal washout

The experience gained from these military battles led to the practice that all rectal
injuries required debridement, diversion, drainage and distal rectal washout. Modern
combat changed over the years, with the most recent Iraq and Afghanistan conflicts
reporting head and neck injuries were more common than thoracic, bowel and extremity,
because of the increased use of body armour and personnel protective equipment [5]. A
rise in explosive injury patterns was seen with the increasing use of improvised explosive
device (IED), within operations in Irag and Afghanistan [5,6]. With this change in weapons
and tactics, rectal injury patterns also changed, with the highest percentage of injuries
reported to arise from explosive devices - nearly two-thirds of patients - with firearms
accounting for the remainder [7].

PARADIGM SHIFT AND CIVILIAN MANAGEMENT

Civilian experience paralleled the military rectal injury management algorithms, despite
vast differences in the patients, injury mechanisms and treatment options available.

To this end, the famous surgeon Dr Michael DeBakey stated, from lessons learned in
World War I1, ‘Al the circumstances of war surgery thus do violence to civilian concepts

of traumatic surgery' [8]. Many factors have led to changes in management for all rectal
injury patients, including better transport time, resuscitation, transfusion, antibiotics and
improved surgical techniques, Research and experience further refined current treatment

algorithms,
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Surgeons returning from World War I1 adopted mandatory colostomy for all rectal
injuries, which became standard practice, even for civilians. However, this practice was
questioned as early as the 1950s. Woodhall and Ochsner published a case series which
showed success in highly selected cases of primary repair, with a mortality rate of only
9% [9]. In 1979, Stone and Fabian published the first randomised, controlled, unblinded
study comparing primary repair versus mandatory colostomy, in 139 patients with
penetrating colorectal injuries. The authors had substantial exclusion criteria, including
faecal contamination, devastating injuries, shock, treatment delay or extensive blood
loss. However, within the selected cohort, primary repair proved to be superior to
colostomy, with significantly lower infection rates, morbidity, postoperative length of
stay and costs [10]. This landmark study marked the evolution of management
of colorectal injuries, distinguishing civilian treatment from combat scenarios.

Multiple subsequent studies expanded on this seminal work and continued to advance

the field.

ANATOMY OF THE RECTUM

Understanding the anatomy of the rectum is a key initial step to ensuring proper
management. The management of rectal trauma has often been lumped in with colon
trauma when, in fact, it is a distinct entity, with unique circumstances related to
management and treatment, due to the anatomic nature of the rectum. In addition, rectal
injuries are rarely seen in isolation, given the close proximity of other pelvic organs and
vasculature, which can make management more difficult.

The rectum comprises the lower part of the gastrointestinal tract, up to approximately
15 cm from the anal verge (Figure 10.1). It is arbitrarily divided into three distinct parts - the
upper, middle and lower rectum. From the anal verge, the lower rectum is 0-7 ¢m; middle
rectum is 7-12 cm; and upper rectum is 12-15 cm. The upper rectum can be distinguished
from the sigmoid colon as the three bands of taenia coalesce at the rectosigmoid junction,
with an absence of taenia coli and epiploic appendages. The rectum is further divided into
intra- and extraperitoneal sections by its relationship with the peritoneal reflection. The
intraperitoneal portion includes the upper two-thirds anteriorly and the upper one-third

' Figure 10.1 Anatomy of the rectum
| (male example).
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laterally, The lower third of the rectum is extraperitoneal. The majority (93%) of penetrating
rectal trauma occur in an extraperitoneal location, and 88% of these injuries occur in the
lower one-third of the rectum [11].

AETIOLOGY

The aetiology of rectal injury differs across military and civilian scenarios. In all scenarios,
however, the vast majority of rectal injuries are secondary to penetrating pelvic trauma,
including iatrogenic, sexual-related and foreign body injuries. In military situations,

the incidence of rectal injuries is reported around 5% [1]. These injuries involve much
higher velocity weaponry, blast injuries, fragmentations and burns than their civilian
counterparts. Nearly a quarter of war-related rectal injuries are due to explosive trauma.

In civilian centres, the incidence of rectal trauma is reported between 1 and 3% [1]. The
vast majority of injuries are caused by gunshot wounds (71-85%), then stab wounds
(3-5%), with accidental or intentional impalement, iatrogenic injuries and rectal foreign
bodies accounting for the rest. There has been a recent trend for gang-related assaults

to deliberately produce rectal injuries rather than shooting to kill. These are so called
‘bagging’ assaults, such that the victim requires a stoma. This is intended to produce more
‘shame’ and less ‘martyr’ status for the victim, while avoiding the serious consequences
of a murder charge, should the perpetrator be apprehended. Blunt trauma accounts for
5-10% of traumatic injuries. Of the blunt injury subset, many are secondary to open-book
pelvic fractures, where the intrusion of sharp bony edges of anterior-posterior compression
perforate the rectum [12,13]. The anus may be injured in a similar manner. The American
Association for the Surgery of Trauma has published a grading scale for rectal injuries
(Table 10.1) [14].

DIAGNOSIS
Recognition of rectal injuries requires a high level of suspicion in those evaluating any
patient with a penetrating wound. This suspicion should increase with identification

of penetrating wounds to the lower abdomen, pelvis, perineum, buttocks or thighs.
Penetrating wounds should be counted and marked, such as with a paper clip taped
adjacent to the penetration site, to help determine the missile trajectory. If the count is an

odd number of penetrating wounds or there is no exit site for bullets, the physician should
have heightened suspicion that a foreign body may remain internally. If any objects are

Table 10.1 American Association for the Surgery of Trauma grading

scale for rectal injurles !

Grade Type of Injury Description of Injury i
| Haematoma Contuslon or haematoma without devascularlsation
Laceration Partial-thickness laceratlon
il Laceration Laceration <50% of circumference
1} Laceration Laceration 2509 of circumference
v Laceration Full-thickness laceration with extension Into perineum
LV Vascular i, Devascularised seqment
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retained, these should not be removed until the patient is in a controlled environment,
such as the operating room, no matter the location of the foreign body.

In patients who are hemodynamically stable, alert and oriented, obtaining a detailed
history of the events surrounding their injury is essential. Questions pertinent to ask
include the type of weapon, proximity of projectile when fired/stabbed and calibre of
the weapon, if known. With all patients, it is crucial to attempt to obtain a brief history,
including their past medical and surgical history, current medications and known drug

allergies.

EVALUATION

With any traumatic injury, it is essential to identify immediate life-threatening injuries
quickly. Therefore, a universal approach has been established by Advanced Trauma Life
Support (ATLS) to follow in specific order: Airway maintenance, Breathing (ventilation),
Circulation (including haemorrhage control), Disability (neurologic status) and
Exposure. Airway assessment and management have the highest priority in any injured
patient, irrespective of mechanism or injury location. It is essential to secure a patent
airway first, before proceeding methodically, in appropriate order of A, B, C, D, E through
the ATLS protocol. During the E portion of the primary survey, complete exposure of
the patient is essential. The patient should be rolled to both sides (with appropriate
cervical spine stabilisation), so as not to overlook penetrating injuries that may not be
easily identifiable when lying in a supine position. The assessment should include an
examination of the patient’s back, axilla, flanks, perineum, buttocks and lower gluteal,
anal and groin folds.

After the primary survey, focussed assessment with sonography for trauma
(FAST), bedside ultrasonography examination, is considered the standard of care in
the diagnostic assessment of a traumatic rectal injury patient. The suprapubic view,
with visualisation of the pelvic cul-de-sac, is the most relevant for rectal trauma. The
presence of fluid in this window may indicate intraperitoneal haemorrhage, hollow
viscus injury, haemoperitoneum or ascites. The FAST scan is noted to have a sensitivity
of 69.8% and a specificity of 92.1%; however, a threshold of at least 200 mL of fluid is
reported necessary for the detection of intra-abdominal fluid [15]. Positive findings in a
stable patient can be evaluated further with computed tomography (CT), while positive
findings in an unstable patient necessitate emergent abdominal exploration. FAST has
replaced diagnostic peritoneal lavage (DPL) in the contemporary evaluation of patients
with suspected rectal injury, although DPL may be useful if CT is unavailable, or the
patient is in the operating theatre for a prolonged period for other injuries. With DPL,
the presence of gross blood or faecal matter on aspiration, or >500 white cells/>1,00,000
red cells on lavage analysis are highly suggestive of intra-abdominal injury and should
prompt abdominal exploration.

During the secondary survey, physical examination findings of pelvic instability, blood
at the urethral meatus, soft-tissue defect of the perineum or penetrating injury near the
pelvis should raise suspicion for rectal trauma. A universal digital rectal examination
(DRE) has been removed from the secondary trauma survey. DRE has low sensitivity to
rule out injury and a high false-negative rate, estimated at approximately 51% and 63-67%,
respectively [16,17]. The variability in detection rates is likely secondary to the evaluator's
experience In detecting injury [18], The nonselective use of a DRE alters management in
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only 1.2% of trauma evaluations; however, this number can increase up to 1 1% when the
clinician’s pretest suspicion is high. A nonselective DRE can be detrimental to patients,
increasing the size of an existing soft tissue injury, converting a partial thickness to a

full thickness injury or creating a defect or false tract in the friable tissue. It can also be a
hazard for the practitioner, potentially exposes them to injury, transmission of infectious
disease and even litigation for assault [16]). However, there are some situations where a
DRE has utility. Careful DRE by an experienced practitioner is recommended in the setting
of an open pelvic fracture and high-velocity trauma with sacral and pubic fractures, to
assess for a gross defect in the rectal vault, in light of questionable physical examination
findings, or as confirmation of diagnostic suspicion. Concerning findings for rectal injury
on DRE include a palpable defect in the rectal wall, gross luminal blood, decreased anal
sphincter tone, palpable bony fragments or a high-riding prostate [19]. These findings
mandate further evaluation. Other clinical tests, such as intraoperative examination

with sigmoidoscopy, either rigid or flexible, may diagnose rectal injury with improved
vield and accuracy over DRE. If the location of the injury is not identifiable, blood seen
on proctosigmoidoscopy has a sensitivity of 71% overall for the diagnosis of rectal injury
and a sensitivity as high as 88% for extraperitoneal rectal injury [20]. Proctoscopy is

an important step in the evaluation of rectal injuries. It can allow documentation of

the size and extent of the patient's injury. It can also distinguish between an intra- and
extraperitoneal rectal injury, which can avoid the morbidity of a negative laparotomy

if extraperitoneal. Most commonly, proctoscopy does not detect a distinct injury, but
demonstrates less conclusive findings, such as the presence or absence of intraluminal
blood, prompting further evaluation. However, there is controversy on where to perform
the proctoscopy. Some providers advocate for proctoscopy in the trauma bay, although
lack of bowel preparation, an inexperienced examiner, an uncooperative patient and
associated injuries may decrease the sensitivity of proctoscopy. It may also create a worse
injury if performed in the face of injury with poor visualisation. We recommend that stable
patients, with obvious abnormalities on physical examination, should be evaluated with
proctoscopy in the operating room.

Patients with hemodynamic instability on initial trauma evaluation should proceed
immediately to surgical exploration. Stable patients go to imaging for a better picture of the
injury pattern. CT with IV contrast is the most useful adjunct for evaluation in the stable
traurna patient, to help identify or rule out injuries. In patients with a normal physical
examination, but heightened suspicion for rectal trauma (e.g. widened pubic symphysis,
penetrating injury near the rectum and blood at the urethral meatus), a pelvic CT offers
a non-invasive evaluation for rectal injury. This can also be done sequentially with CT
cystography during Foley catheter insertion, when there is a concern for bladder injury
or haematuria, to rule out associated bladder or genitourinary injury. These injuries
accompany up to one-third of rectal injuries. CT scan with bladder and rectal contrast
is indicated for preoperative planning in stable patients. The most sensitive finding on
CT in rectal injury is a wound tract that extends adjacent to the bowel, while the most
specific are extravasation of intraluminal contrast, a full-thickness wall defect, foci of
asymmetric extraluminal free air and haemorrhage within the bowel wall [21]. Additional
secondary findings, which suggest a rectal injury, include rectal wall thickening, perirectal
fat stranding and unexplained intraperitoneal free fluid [19,21]. A retrospective review of
10 patients injured in combat demonstrated that CT was able to detect each rectal injury
but had a 20% false-positive rate [19], Pararectal air was the most common finding on
CT. Triple-contrast CT (oral, rectal and intravenous) Is reported to be equally efficaclous
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! for detecting rectal trauma as proctoscopy In paediatric patients, but there is inadequate
evidence in adults to support or refute the routine use of intraluminal contrast [19,21]. The
use of rectal contrast is institution dependent and may not adequately evaluate the distal
rectum, due to occlusion by the device's balloon. However, we recommend triple-contrast
CT in adults, when feasible, for the improved intraluminal visualisation of possible injuries.

Stable patients, with a normal physical examination and CT, can be observed clinically
or discharged. A positive finding on CT warrants further evaluation with proctoscopy,
unless the injury is clearly intraperitoneal, prompting surgical management. Certain injury
patterns, such as transpelvic or buttock gunshot wounds, need thorough investigation,
even in the absence of rectal blood. Most anal injuries are obvious on external inspection,
although occult sphincter disruption may occasionally occur.

DIFFERENTIAL DIAGNOSIS

Suspicion for rectal injury should increase with any identification of a pelvic fracture from
blunt injury or penetrating wound to the lower abdomen, pelvis, perineum, buttocks or
thighs. With the identification of trauma to this region, the differential diagnosis must
distinguish intra- versus extraperitoneal rectal injury and determine if there is concomitant
vascular or bladder injury. Nearly any major vasculature or viscera may be injured and
subsequently must be excluded, with the identification of a penetrating injury.

-'i'.REATMENT ALGORITHM

In a haemodynamically unstable patient, with massive blood loss, acidosis, hypothermia
and coagulopathy, expedient operative exploration with a damage control laparotomy
(DCL) should be performed. The DCL can allow stabilisation of an unstable, coagulopathic
or hypothermic patient, who would not otherwise tolerate definitive repair at the
initial operation. During the initial exploration for penetrating trauma, control of gross
spillage with quick suturing or stapling should occur rapidly, as soon as exsanguinating
haemorrhage is stopped. The colon can be left in discontinuity at the initial exploration and
creation of a colostomy is not necessary. The abdomen can be temporarily closed using
nonstick plastic drapes or a Bogota bag, and a suction method of collecting fluid can be
' fashioned. Once restoration of normothermia and correction of acidosis and coagulopathy
are accomplished, the patient can return to the operating room for further treatment, based

on their stability.
In a haemodynamically stable patient, the anatomy of the rectum actually dictates the

management of rectal injuries.

Intraperitoneal

The management of intraperitoneal wounds is the same as colon injuries. In general, most
| patients with Intraperitoneal injuries undergo direct repair or resection with or without
proximal diversion, Technically, the colon needs to be fully mobilised above suspected
injuries, with particular care paid to the flexures and rectosigmoid junction; extensive
rectal mobilisation is not recommended. In penetrating trauma, paracolic haematomas
must be fully explored; this is less important for blunt injuries unless there are other signs
of perforation, such as soiling or retroperitoneal emphysema, Primary repair can be safely
accomplished with little difference between single- and double-layered suture techniques

-
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or hand-sewn versus stapled anastomoses [22,23]. Perforations that are within a few
centimetres of each other are best treated by removing the intervening bridge of tissue

and performing a single repair. Adherence to the standard principles of no tension, good
tissue approximation and adequate blood supply are eritical. ‘There is no need for colonic
lavage, even when a lefi-sided anastomosis is constructed, In nearly all cases of penetrating
intraperitoneal rectal injury, the skin is left open, with planned delayed primary closure or
secondary closure with a vacuume-assisted closure deviee, ‘The patient should also receive
broad-spectrum antibiotics covering gram-negative and anacrobes for at least 24 hours.

If the injury is non-destructive (<50% of the circumference of the intraperitoneal
rectum), it can undergo primary repair. Randomised trinls and high-quality data have
conclusively shown the safety and efficacy of primary repair in patients with grade 11
injuries (Table 10.1), even in the presence of risk factors such as hypotension, multiple
transfusions and gross spillage [24-26]. In fact, the primary repair groups had significantly
fewer complications than the colostomy group. Small perforations can also be safely
closed without proximal diversion, either transanally, il low enough, or from an abdominal

approach, if minimal rectal mobilisation is required. If perforations cannot be safely closed
or the injury is inaccessible, proximal diversion is still required [13,27]. If the wound is
destructive (>50% circumferential involvement), the rectum requires resection to viable,
healthy tissue. Primary anastomosis is preferred in patients who are reasonably healthy and
stable, as colostomy creation and closure are associated with significant cost, morbidity

and compromised quality of life [28,29]. The concept of mandatory colostomy has been
long discarded, diversion is not associated with improved outcomes [30]. Following

the Stone and Fabian randomised prospective trial that revolutionised this concept in
colorectal trauma, there have been multiple studies showing that faecal diversion is not
necessary, except in the setting of various transfusion requirements or hypotension [23].

In 2001, the American Association for the Surgery of Trauma conducted a prospective
multicentre study on penetrating bowel injuries, comparing diversion or primary repair.
This study demonstrated lower mortality in the primary repair arm (0% vs. 1.3%) with

no relationship between the repair technique and abdominal complications [31]. Severe
faecal contamination, transfusion of four or more units of blood within the first 24 hours
and single-agent antibiotic prophylaxis were independent risk factors for abdominal
complications. When considering diversion, one must also take into account all of the
complications of stomas, including readmission, parastomal hernias, stenosis, retraction
and metabolic imbalance, which range from 17 to 55%, as well as the complications related
to stoma reversal, which range from 5 to 25% [32-36]. Despite the evidence, diversion is still
frequently performed in cases of rectal trauma. The American Association for the Surgery of
Trauma performed a multi-institutional retrospective study of 785 patients who sustained
a traumatic rectal injury from 2004 to 2015, finding rectal injuries were intraperitoneal in
32% [37]. Most patients with intraperitoneal injuries underwent direct repair or resection
with proximal diversion, although patients managed with diversion developed significantly

more complications.

Extraperitoneal

The standard of care for most extraperitoneal rectal injuries is selective faecal diversion.
Each of the traditional ‘three Ds’ has been challenged in the modern civilian management
of rectal extraperitoneal trauma. Over the past few decades, there have been numerous
studies demonstrating no benefit in presacral drainage or distal rectal washout. The
practice of distal rectal washout forces faecal material into the injured tissues, which leads

e ———



7—13 e’

Conclusion

to increased incidence of contamination [13,38,39]. Liquefaction ol the stool column,
with subsequent spread into the pelvic spaces, has been touted as a potential negative
consequence of vigorous rectal irtdgation in traumatic injuries [13], Several studies on
routine presacral drainage showed the extensive distuption of normal tissue planes
required had no benefit [13,40].

In a multi-institutional retrospective study of Level 1 'Trauma Centres In the US, Brown
et al. (2018) found that extraperitoneal rectal injurtes occurred in 50% of patients, while
both intra- and extraperitoneal injuries ocenrred In 9% [37]. There were significantly more
abdominal complications in patients who recelved a presacral drain (pp = 0.004), or distal
rectal washout (p = 0.002). Alter multivariate analysis, distal rectal washout [3.4 (1.4-8.5),
p = 0.008] and presacral drain [2.6 (1.1-6.1), p = 0.02] were independent risk factors
for abdominal complications. While these additional manoeuvres are independently
associated with a three-fold increase in abdominal complications, 20% of patients still
received a presacral drain and/or distal rectal washout [37). However, closed suction drains
placed in the pelvis after mobilisation and repair of mid-rectal injuries at laparotomy may
still be useful, as clean tissue planes are not violated.

For penetrating non-destructive extraperitoneal rectal injuries, the Eastern Association
of the Surgery of Trauma practice management guidelines conditionally recommend
proximal diversion for management of these injuries, while conditionally recommending
the avoidance of routine presacral drains and distal rectal washout [41]. Il a patient is
stable, without peritoneal signs, and suspected of having an isolated extraperitoneal rectal
injury, laparoscopy can be used for evaluation. If there is no evidence of intraperitoneal
injury, then a loop sigmoid colostomy may be easily constructed [42].

l For penetrating, destructive, extraperitoneal rectal trauma (>50% circumferential
involvement), associated pelvic fractures or concomitant vascular injuries that can
compromise the blood supply to the rectum causing anastomotic failure, faecal diversion
is recommended as the safest option [43]. Blunt trauma accounts for 1-2% of rectal trauma
and is usually secondary to an anterior-posterior compression mechanism, causing an
open book pelvic fracture [44]. These injuries require faecal diversion. For anal injuries that
are not destructive, wounds can be repaired primarily; routine proximal faecal diversion

is not required. For destructive perineal wounds, appropriate debridement and proximal
diversion are paramount. A vacuum-assisted wound closure device can be used on the
perineum if serial debridement is ongoing. Marking of the ends of the sphincters with
nonabsorbable sutures can aid later reconstruction.

A proposed algorithm for management of rectal trauma is shown in Figure 10.2.

- e e SO SR

| CONCLUSION

The aetiology of rectal injury differs across military and civilian scenarios with, in the past
few decades, a paradigm shift in management for civilians. After a trauma evaluation,

the patient can be classified as stable or unstable, with further investigation or damage
control surgery as needed. In stable patients, the anatomy of the rectum - either intra- or
extraperitoneal - will guide management. Intraperitoneal injuries can be considered for
primary repair or resection with primary anastomosis, depending on the degree of tissue
destruction. Proximal diversion is not necessary in all cases. Extraperitoneal injuries can
usually be managed with proximal diversion and routine presacral drains. Distal rectal
washout has no benefit. A knowledge of the current guidelines and emerging literature can
help ensure the best management is utilised to optimise patient outcomes.
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Figure 10.2 Algorithm of management of rectal trauma.

Key points for clinical practice
« Acolostomyis notalways necessary, but diversion should be considered in patients undergoing
DCL, or who have significant preinjury comorbidities or haemodynamic derangement

- Rectal injuries are not universally managed by the 4 Ds. Presacral drainage and distal
washout are no longer recommended

. Diversion alone, without direct repair, is sufficient to treat isolated extraperitoneal rectal

injuries

« Primary repair is appropriate for accessible rectal injuries and for all non-destructive colonic
injuries near the rectum

+ Resection and anastomosis are the treatment of choice for most destructive colonic injuries
near the rectum

+ Anal trauma lends itself to delayed reconstruction




Recent advances in intestinal
transplantation

Jang I Moon, Kishore lyer

ABSTRACT

Intestinal transplantation is a viable treatment option for patients with irreversible
intestinal failure, experiencing complications of parenteral nutrition. Small bowel may be
transplanted alone or in combination with liver and/or other parts of the gastrointestinal
tract. Multidisciplinary care, with attention to both medical and surgical management,

is essential. Improvements in surgical procedures, perioperative care and postintestinal
transplantation management have made intestinal transplantation safer and more
effective. The identification of donor-specific antibodies through new techniques has

also improved clinical outcomes. The relatively small number of intestinal transplant
procedures is an obstacle to substantive research and establishment of more effective
immunosuppressive therapy. Severe acute rejection remains a major cause of postoperative
mortality and morbidity including graft loss. Improvement in long-term survival is essential
to expand the indications for this surgical option to be offered to a wider range of intestinal
failure patients.

INTRODUCTION

Successful intestinal transplantation (1Tx) was first reported by David Grant and colleagues
in 1980, as a life-saving procedure for patients suffering from intestinal failure and life-
threatening complications of parenteral nutrition (PN) [1]. The number of ITx procedures
slowly increased, reaching a peak of 198 transplantations in 2007. Since then, the annual
number of ITx procedures has steadily decreased, with only 82 procedures performed in
the US in 2022 [2]. ITx remains the least common solid organ transplantation procedure,
According to the annual report of the Scientific Registry of Transplant Recipient (SRTR),
advances in PN and improved intestinal rehabilitation are the leading reasons for the
decrease in the number of ITx procedures [3]. However, ITx still remains a viable treatment
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option for patients with intestinal fallure, experlencing life-threatening complications of
PN. In fact, recent iImprovements In clinical outcomes have made I'Tx more attractive as a
potential treatment option for patients with intestinal failure, even in the absence of PN-
related complications. There have been significant improvements in the last 5 years, due
to a better understanding of this uncommon transplant procedure, This chapter describes
general aspects of ITx, with an emphasis on recent improvements in both the operative
surgery and postoperative care of small bowel transplant patients.

DEFINITION OF INTESTINAL TRANSPLANT

Intestinal transplantation refers to any transplantation procedure, which uses a visceral
allograft that includes the small intestine.

The most common forms of ITx include isolated small bowel ITx, liver-intestine
combinations and multivisceral transplantation (MVT). However, theoretically, ITx can
be performed with many different combinations of visceral allografts (Figure 11.1 ). Organ
retrieval is based on the vascular territory of the necessary organ. The major difference
among the various forms of ITx relates to the inclusion or exclusion of the liver. The
presence or absence of a liver allograft affects the surgical procedure, immunological
reaction, development of acute rejection and clinical outcomes - essentially every aspect
of transplantation. In this chapter, ITx without liver allograft will be described as the basic
model of ITx.

Intestinal transplantation is defined as a transplantation using visceral composite
allograft, which includes small intestine. Theoretically, ITx can be performed in different
allograft combinations.

A

Figure 11.1 Definition of intestingl
transplantation ([Tx).
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INDICATIONS FOR INTESTINAL TRANSPLANT

It Is iImportant to emphasise that the traditional indications for I'Tx are not related to a
specific underlying disease but rather to intestinal fallure broadly, accompanied by failure
or significant complications while on PN. When the Centres for Medicare and Medicaid
Services (CMS) first approved ITx in the US in 2000, they required fulfilment of two
conditions before consideration of ITx:
1. Presence of irreversible intestinal failure, which, for practical purposes, is refractory PN-

dependency
2. Presence oflife-threatening complications of PN, i.e. PN-failure

The majority of patients presenting for ITx have intestinal failure secondary to short
bowel syndrome, which may be due to a variety of causes including mesenteric ischaemia,
inflammatory bowel disease (predominantly, but not exclusively Crohn’s disease), trauma
and surgical resection often in the setting of extensive abdominal adhesions, or very
complex enteroatmospheric fistulae. Patients with non-reconstructible gastrointestinal
tracts, often in the aftermath of surgical misadventure, constitute an important and
possibly growing indication for ITx. About 25-30% of patients being considered for ITx have
intestinal failure related to functional causes such as idiopathic pseudo-obstruction, other
dysmotility syndromes, total intestinal aganglionosis, etc. In children, the major underlying
causes of short bowel are necrotising enterocolitis and congenital anomalies, including
gastroschisis and midgut volvulus. It should be noted that the precise aetiology leading to
intestinal failure has only limited significance in the consideration of ITx, even if it might
impact some technical considerations in operative planning. As ITx outcomes have steadily
improved, especially over the last decade, the indications for ITx have expanded with ITx
now being considered for quality of life reasons.

PRETRANSPLANT EVALUATION, PATIENT SELECTION AND
INDICATIONS FOR INTESTINAL TRANSPLANT

First and foremost, pretransplant evaluation should include a process to confirm the
necessity of permanent PN, i.e. to confirm irreversible intestinal failure. Maximum
effort should be made to restore continuity of the gastrointestinal (GI) tract, recruit
unused remnant bowel, attempt bowel lengthening procedures, if possible, and consider
pharmacological treatment [4]. Once the patient is confirmed to have irreversible or
refractory intestinal failure, the second critical step is to determine if 1Tx is justified, due to
presence of PN-related complications or unacceptable quality of life on PN (Figure 11.2).
Historically, intestinal failure patients, who were stable on PN, were not considered
ITx candidates unless there were life-threatening complications. ITx was justified only
for intestinal failure patients suffering from PN-related life-threatening complications,
such as repeated catheter-related sepsis, liver failure or loss of vascular access for central
venous catheter placement. Recent improvements in patient survival after ITx provide
an opportunity to revisit these classical indications. The Scientific Registry of Transplant
Recipients (SRTR) annual report clearly demonstrates survival improvement for ITx in
the US [2]. In the early 2000s, 1-year patient survival was 80%, but recent reports indicate
almost 90% patient survival in isolated ITx. Some centres of excellence are consistently
reporting over 90% survival in isolated ITx cases [4,5], As the SRTR annual report
illustrates, combined ITx, including a liver allograft, results in poorer patient survival than
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isolated ITx. Therefore, early ITx before liver failure supervenes seems to be justifiable.
Patients with ultra-short gut syndrome (SGS), who appear to have poor outcomes on PN
and marked impairment of quality of life, are now often considered early for ITx before
the onset of PN-related complications, The patient with a stapled-off duodenum or
duodenostomy status after an abdominal catastrophe is extremely difficult to maintain on
PN. This patient group is entirely different from most SGS patients, who are often stable
and can enjoy a good quality of life on PN, Before further deterioration, such as renal
failure supervenes, ITx can be performed in these ultra-SGS patients with the expectation
of good clinical outcomes.

An important indication for ITx is non-resectable soft tissue tumours, such as desmoid
tumours and mesenteric lymphangiomas at the root of the mesentery. Non-resectability
of mesenteric root tumours is often determined by the relation of the tumour to the origin
of the superior mesenteric artery, although in the case of very large desmoid tumours,
it may also be related to diffuse encroachment of the tumour to the mesenteric border
of the bowel, along its entire length. It is important to emphasise that early referral of
such patients to 1Tx centres may allow more aggressive attempts at tumour resection,
while preserving adequate bowel length, using techniques such as ex-vivo resection and
autotransplantation, which is very much part of the transplant armamentarium. In such
cases, having rapid access to allotransplantation is a critical prerequisite for success to
achieve long-term survival with acceptable tumour recurrence rates. Tumour recurrences
are predictably not in the allograft intestine and can be managed in most cases with
suppressive medical treatment or limited surgical intervention,

There are also expanded indications for ITx unrelated to the presence of intestinal
failure. MVT in liver cirrhosis, with complete portomesenteric thrombosis, was first
reported in 2009 with good survival [5]. Since then, MVT has become standard practice
to rescue liver cirrhosis patients who do not have a patent portomesenteric vein for liver
transplantation, Including an intestinal allograft in this type of transplantation is not
due to intestinal failure but for technical reasons, related to confluent portomesenteric
venous thrombosis and lack of suitable portal venous inflow for successful isolated liver
replacement. Even though the indication for transplantation in this subset of patients is
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end-stage liver failure, rather than intestinal fallure, it is still classified as I'Tx conforming
with the definition of ITx above,

DONOR SELECTION AND ORGAN RECOVERY

There has been limited progress in donor selection criteria or surgical techniques for
nrgau recovery in the past 5 years, with a few exceptional advances. Since there is no
hlm‘jlmmical marker to assess intestinal function, function of other organs such as the liver
or kidney, donor hemodynamic status and acid-base balance are used as indirect proxies
for preservation of intestine function and to identify suitable intestinal donors. A recent
development in this area is the size match between the donor and recipient. A small graft is
preferred for uncomplicated abdominal wall closure. More than a decade ago, abdominal
:wall Lranspt:amatinn was proposed to address the difficult issue of abdominal wall closure
in some recipients, although this novel technique has not gained wide acceptance for
several reasons [6]. There is no small-for-size syndrome in 1Tx, demonstrating that the
donor-recipient weight ratio can go as low as 30% without affecting clinical outcomes,
including achievement of nutritional auto nomy (7). Using an allograft from a smaller
donor can facilitate abdominal wall closure and reduce the need for abdominal wall
transplantation.

Organ recovery is always conceptualised as the successful procurement of an en-bloc
composite graft. As described above, ITx can be performed with various types of allograft,
depending on specific recipient pathology and circumstances. No matter which organs
are included in the ITx graft, all organs are recovered as a single unit, with a technique that
does not impact other solid organ recovery (Figure 11.3).

All types of intestinal allografts are recovered as an en-bloc organ based on
vasculature,

A challenging situation occurs when intestine and pancreas have been allocated to
separate recipients. The shared vascular anatomy in this scenario results in the intestinal

Arterial system Venous system
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graft having a shorter vascular stumyp, which necessitates extension vascular grafts on the
superior mesenteric artery and vein, for safe vascular anastomoses, Recovery of vessels
from the same donor at the time of intestinal procurement Is critically important for
possible vascular reconstiuction. Donor fllae vessels and neck arterles provide excellent
vascular grafis for arterial reconstruction (Plgure 11.4).

The use of virtual crossmatch has become mandatory for the past 5 years, to avoid
early onset of acute rejection related to the presence of preformed antibodies to donor
antigens (8,9]. It has been reported that such donor-specific antibodies (DSAs) are strongly
correlated with the development of acute rejection and poor graft survival [10]. Recent
advances in immunologic tests, such as the single antigen bead assay, have given an
oppottunity to perform virtual crossmatch with relative ease. This test requires donor
human leukocyte antigen (HLA) typing and recipient single antigen bead assay profiles.
The virtual crossmatch can supplant the need for physical crossmatch, at the time of
organ offer, since the latter can be challenging in ITx due to time constraints. A significant
proportion of ITx candidates are highly sensitised to HLA antigens because of their past
medical and surgical history, such as repeated transfusions or bloodstream infections. It
has become standard practice to list unacceptable HLA antigens based on recipient single
antigen bead assay profiles and to avoid a donor against whom the recipient demonstrates
preformed anti-HLA antibodies, at the time of the virtual cro ssmatch. In addition to
virtual crossmatch, there may be a role for desensitisation and attenuation of preformed
antibodies in highly sensitised recipients [11]. However, more data is needed to confirm the
effectiveness of desensitisation. These relatively new approaches suggest that avoiding and
adopting approaches to manage DSA is a critically important strategy to improve clinical
outcomes after ITx.

Until recently, HLA mismatch between the donor and recipient has not been considered
a significant factor in donor selection, with no clear evidence that it impacts clinical
outcome. However, there is an emerging view that HLA mismatch could be a risk factor for
the clinical outcome of ITx. Recent improvements in survival after ITx, by avoiding other
overwhelming risk factors, have provided an opportunity to re-examine the impact of
HLA mismatch. It is hoped that further studies will reveal the correlation between clinical
outcome and HLA mismatch and allow further improvements in immunological outcomes

after ITx.

" = ™ Figure 11.4 Various options for allograft
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SURGICAL PROCEDURE AND ANAESTHESIA

The basic surgical procedure for ITx has remained the same since its inception, The
procedure can be divided into the following stages:

» Completion enterectomy (il necessary)

* Vascular anastomoses

e Gastrointestinal tract reconstiuction

e Supplementary procedures - including stoma creation and abdominal wall closure.

The extent of completion enterectomy is determined by the recipient’s GI anatomy.
The purpose of completion enterectomy is to obtain adequate space for the intestinal
allograft and to secure healthy and functional Gl tract stumps for GI reconstruction,

In cases of global G1 dysmotility syndromes, itis ldeal (o remove as much of the native

G tract as possible, which usually Includes partial gastrectomy, while retaining a short
pancreaticobiliary pedicle and a short sigmold colon. 1o preserve the native colon,
attention needs to be given to preserving arterlal inflow and venous outflow. However, it
is not always possible to leave a long segment of the native colon when there is a failure to
preserve these vascular structures.

Orthotopic transplantation is not always feasible, or sale, due to difficulties in identifying
and preserving reasonable length and/or quality superior mesenteric artery and vein. As a
result, many centres use the infrarenal aorta for arterial inflow. The mesenteric vein of the
graft is typically drained into the recipient’s inferior vena cava instead of the portal vein,
which is not physiologic but is generally a safe procedure (Figure 11.5).

Systemic venous drainage can sometimes cause elevated serum ammonia and
encephalopathy (akin to the situation with meso-caval shunts performed for portal
hypertension). However, these issues can be easily controlled with conservative care,
without further consequences that can impact clinical outcome [12]. The use of extension
vascular conduits is common in facilitating vascular anastomoses without complications.
Therefore, it is crucial to recover vascular grafts (artery and vein) during organ retrieval
surgery, to enable safe and easy vascular anastomoses.

% Flgure 11.5 Portal and systemic
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The Gl anastomosis in 1Tx follows general surgical principles, Compared to older
techniques, the current trend is to simplify the procedure. Creating a stoma for frequent
allograft surveillance used to be viewed as the gold standard but this concept has
recently been challenged. There is evidence that I'Tx can be performed without
stoma creation, which will be discussed further in the section helow on graft
surveillance [13,14].

Anaesthetic management during ' has improved with increased understanding of
the physiologic changes during the vartous I'T'x procedures, Significant haemodynamic
derangement is rare, with postreperfusion syndrome oceurring in <10% of cases, With
accumulated experience in isolated 'I'x (e, Hver-excluding), anaesthetic management
is now standardised, without requiring the intensive resources required for liver

transplantation [15].

APPLICATION OF INTESTINAL TRANSPLANTATION
SURGICAL TECHNIQUE

The surgical techniques developed and refined for ITx have provided important options
for treating pathologic lesions of the root of the mesentery. This surgical approach was
first reported two decades ago and select centres have adopted it to treat these difficult
problems [16]. After evisceration of the abdominal organs, including the pathologic lesion,
the mesenteric root becomes approachable, and the lesion can then be safely removed

ex vivo in a bloodless field. The ITx surgical technique then provides an opportunity for
autotransplantation of the eviscerated abdominal organ, with the patient serving as his or
her own intestinal donor.

IMMUNOSUPPRESSION

Unlike other solid organ transplantations, a standardised immunosuppressive protocol
has not yet been established in the field of ITx. The relatively small number of ITx
procedures is one of the major obstacles to studying and developing such a strategy.
Immunosuppressive therapy after ITx is highly variable among individual centres and
continues to diverge, as confirmed by recent reports [17]. There are sporadic reports of
using new immunosuppressive agents in different clinical scenarios. However, there

are not enough cases to achieve consensus in immunosuppressive protocols for the
highly immunogenic intestinal allograft. Unfortunately, there has not been much change
or improvement in immunosuppressive therapy after ITx in the past 5 years. Most

ITx centres use induction immunosuppression with wide variation. Corticosteroids,
antithymocyte globulin or interleukin-2 receptor blockers are the most common induction
immunosuppressive therapies, in addition to rituximab, infliximab and alemtuzumab.
However, it is not clear whether any one of the induction regimens is superior to the
others in preventing acute rejection, post-transplant lymphoproliferative disease or graft
versus host disease. Tacrolimus is the mainstay of maintenance immunosuppression,
used mainly in combination with corticosteroids or mycophenolate mofetil. Acute
rejection is treated with corticosteroids or antithymocyte globulin. There are reports

of clinical experience using various combinations or new agents to treat refra ctory

acute rejection [17-21]. However, fragmented experience of small numbers of cases
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prevents development of consensus opinions, or even standard best practices, in
immunosuppressive management of 1,

GRAFT SURVEILLANCE AND ACUTE REJECTION

Intestinal allografts are known to be highly immunogenic compared to other solid organ
allografts. The incidence of acute rejection within the first year after I'Tx is reported
to be around 35%; this has not changed for the past decade, despite advances in
immunosuppression. Acute rejection is not only closely related to graft loss but also to
mortality. Ifit is not diagnosed and treated in a timely manner, acute rejection remains one
of the most important risk factors [or adverse clinical outcomes after I'Tx. Since there is no
reliable biochiemical marker to assess intestinal function, frequent surveillance endoscopy
and biopsy has traditionally been considered the only meaningful method for graft
surveillance [22]. Each ITx centre has its own surveillance endoscopy protocol and, due to
the frequency of endoscopy, the creation of a stoma for ease of access has been standard
practice for ITx. More recent thinking suggests that such frequent routine surveillance
endoscopy and biopsy may not confer a survival benefit and that endoscopy and biopsy
for diagnosis only when symptoms, clinical signs or biochemical findings prompt
investigation, may be sufficient to maintain graft survival [13]. This approach has resulted
in a significant decrease in the number of endoscopies and biopsies performed after ITx,
which calls into question the necessity of routine stoma creation during ITx [14].
Donor-specific antibodies have been shown to be a risk factor for the development of
cute rejection [23,24)]. As described above, virtual crossmatch has become a standard
practice to select donors and avoid DSA-related acute rejection. An interesting feature
-hat requires further study is the precise relationship between DSA and acute rejection.
There are diagnostic criteria for antibody-mediated acute rejection but, most episodes
of acute rejection in the setting of positive DSA do not fulfil these criteria and instead
manifest as acute cellular rejection. The immunologic mechanisms which trigger acute
cellular rejection, in the presence of positive DSA, merit further study [24,25]. Most cases
of mild and moderate acute rejection can be treated with steroid boluses or antithymocyte
globulin, regardless of the presence or absence of DSA. However, when acute rejection is
severe, the risk of graft loss is high and, there is currently no uniformly effective treatment
for severe acute rejection [26]. If there were innovations in the treatment of severe acute
rejection, clinical outcomes would improve and ITx could become standard practice for
treating patients with intestinal failure, even in the absence of PN-related complications.

POST-INTESTINAL TRANSPLANTATION MANAGEMENT
AND CLINICAL OUTCOMES

Post-ITx management should focus on achieving nutritional autonomy with freedom from
PN and improving the patient’s quality of life, in addition to ensuring patient survival, To
achieve these goals, physicians must understand the clinical behaviour of ITx patients
and develop a monitoring strategy for recipients, It is convenient to divide post-transplant
management into short- and long-term care, based on frequent clinical events at each
stage. Unfortunately, ITx remains a rare form of solid organ transplantation and the post-
transplant management experience is fragmented among centres,
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The short-term period after ITx can be arbitrarily defined as the 1st year after the surgery,
including the immediate post-transplant period. During this period, caregivers must pay
attention to transplant surgery-related complications, organ-specific management, the
development of acute rejection, immunosuppression and the pre-existing comorbidities
of the recipients. ITx is essentially major abdominal surgery and It shares common
postsurgical complications with other major laparotomy operations, In addition to these
common surgical complications, I'x carries a few specific complications. Of these, vascular
complications, which can have catastrophic consequences, are fortunately uncommon,
Allograft arterial thrombosis is a typical example. When it occurs, graft loss is almost
inevitable, However, early diagnosis and timely treatment can avoid mortality and provide
an opportunity for a second transplant.

Another specific complication is abdominal cavity infection. Small bowel
transplantation is a clean-contaminated operation, which raises the risk of
abdominal infection after transplantation, particularly against a background of heavy
immunosuppression. Moreover, transplant candidates usually have a history of multiple
abdominal surgeries, resulting in ultimate intestinal failure. Many of these patients harbour
occult abdominal sepsis secondary to the original pathology and repeated abdominal
surgery. The best treatment is prevention. When a transplant candidate presents with
significant abdominal infection, achieving source control of sepsis before considering
transplantation is critical. This “tidy-up-treatment’ usually requires major abdominal
surgery, which may also provide an opportunity to restore the continuity of the GI tract or
to allow access to ITx in a well-optimised candidate. Inevitably, it has the unfortunate but
still beneficial role of disqualifying some patients for ITx as described above.

Organ-specific management is mainly focussed on nutritional therapy. All recipients
are on PN before transplant surgery, and the purpose of ITx is to switch from parenteral to
enteral nutrition. However, it is not always an easy task due to cold ischaemia, reperfusion
injury and surgical injury to the nervous and lymphatic system of the intestinal allograft.
Transplanted small bowel often exhibits impaired peristalsis and poor absorption of long-
chain fatty acids. Enteral feeding can be started with a low osmolality, low fat and low lactose
diet. Tube feeding formula with medium-chain fatty acids is often recommended, where
supplemental tube feeding is employed. High stoma output or frequent bowel movements
with loose stool are common. Antidiarrhoeal agents, such as loperamide and diphenoxylate
with atropine, are useful to avoid excessive volume and electrolyte loss. The development
of chylous ascites is a short-term surgical complication, related to the disruption without
reconstitution of the lymphatic system of the intestinal allograft. As enteral feeding
advances, chylous ascites develops in 10-20% of recipients. Treatment involves stopping
enteral feeding and resuming PN, which usually allows complete resolution in 2-4 weeks.

Patients usually have a complex medical and surgical history. Nearly all candidates
suffer from malnutrition with macro- and micronutrient deficiencies. Careful assessment
and customised management cannot be emphasised enough for a successful outcome
after ITx. Optimal management of pre-existing comorbidities is an important factor for a
successful ITx [27]. Long-term management after ITx typically involves medical care and
requires extensive experience and a multidisciplinary approach. While most recipients
achieve nutritional autonomy with freedom from PN and return to normal life after a year,
maintaining a positive fluid and electrolyte balance can be challenging. If the recipient
has a stoma, reversal should be considered to prevent unnecessary fluid loss, further
exacerbating the risk of long-term chronic kidney injury. Chronic rejection can also cause
fluid-electrolyte imbalances but its diagnosis requires a full-thickness biopsy, which
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involves challenging open abdominal surgery and transplant bowel resection. In cases of
chronic rejection, a second ITx Is currently the only solution. In addition, post-transplant
lymphoproliferative disorder (PTLD), often related to infection with Epstein-Barr virus
(EBV), is a concerning complication in long-term care, especlally In children. Outcomes for
PTLD post-17x have improved considerably, related In part to improved ability to monitor
for EBV-viraemia and improved modalities for customised treatment, based on the status
of BBV, CD20 receptor and cell type, all while malntalning some immunosuppression to
preserve the allograft.

Patient and graft survival after 1% have significantly Improved over the decades,
However, there has been no noticeable change In the past 5 years, Graft survival for
younger reciplents (under 18 years old) Is slightly better than for adult recipients (16 years
old or older). 1-year patient survival is superior in isolated I'T'x compared to liver-included
ITx, at 86.4% and 75.2%, respectively, the gap narrowing to 61.2% and 58.1%, respectively,
after 5 years [3]). Short-term survival has markedly improved. Further study and effort
to improve long-term survival are needed. With >32 years of history, ITx has progressed
beyond being standard of care for patients with intestinal failure who also have PN-failure.
[Tx has become a valuable life-saving therapy for patients who have suffered an abdominal
catastrophe even in the absence ol classically defined intestinal failure.

CONCLUSION

Intestinal transplantation has emerged as the standard of care for patients with intestinal
failure who also suffer from life-threatening parenteral nutrition-related complications.
The procedure may also be performed, albeit much less frequently for quality of life
reasons, Intestinal transplant should be viewed as any transplant that includes the small
intestine as part of a composite graft. It can hence be performed in different combinations
of organs depending on the pathology and the residual anatomy. The technical procedures
involved are now well characterised and can be performed in consistent fashion. Immune
surveillance remains a challenge for a graft with a heavy immunologic burden at high

risk of rejection. While short-term and medium-term outcomes are excellent, long term
outcomes continue to lag behind those of other organ transplants.

Key points for clinical practice

» Intestinal transplantation refers to any transplantation procedure, which uses a visceral
allograft that includes the small intestine

= Pretransplant evaluation should include a process to confirm irreversible intestinal failure.

« Intestinal transplantation may be justified due to presence of PN-related complications or
unacceptable quality of life on PN

« The use of virtual crossmatch has become mandatory for the past 5 years to avoid early
onset of acute rejection related to the presence of preformed antibodies to donor antigens.

+ Intestinal allografts are known to be highly immunogenic compared to other solid organ
allografts
Acute rejection must be diagnosed and treated in a timely manner in order to prevent graft
loss and/or mortality
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Modern management
of aortic dissection

Sven Tan, Richard White, W Rhodri Thomas, Mehamad Bashir, lan Williams

ABSTRACT

Advances in surgical technology and perioperative care have revolutionised the
management of aortic dissection in the modern era. Various classification systems for aortic
dissection have been described, but the most commonly used is that of Stanford, where the
site of the primary entry tear (proximal or distal to the origin of the left subclavian artery)
defines type A or B, respectively. The gold-standard treatment for Stanford type A aortic
dissection remains open surgical repair, despite the development of endovascular devices
for use in the proximal aorta. Type B aortic dissection is now increasingly recognised as a
¢ynamic and progressive disease process, with the use of pre-emptive endovascular repair
i1 patients with uncomplicated disease increasing. Surgical repair of type B dissection

i recommended primarily for younger patients and those with chronic disease ora

. ‘nnective tissue disorder.

. ITRODUCTION

fortic dissection (AD) represents a dynamic clinical entity that is associated with

ligh mortality rates and is challenging to identify and treat. AD is characterised by the
development of a tear in the aortic tunica intima, allowing pressurised blood to enter
between intimal and medial layers. This creates a false lumen (FL) which runs adjacent to
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Figure 12.1 Chest X-ray showing
widened mediastinurm.

the true lumen (TL), separated by the dissection membrane. AD is, therefore, differentiated
from other forms of acute aortic syndrome, such as penetrating atherosclerotic ulcer
(PAU) or intramural haematoma (IMH), by the presence of a pressurised FL [1]. Continued
perfusion of the FL results in its anterograde or retrograde propagation away from the
primary tear site; this increases the risk of rupture, complications and mortality [1].
Unsurprisingly, patients with acute AD that suffer aortic rupture exsanguinate quickly

and die before reaching hospital. The presentation is invariably with sudden onset severe
chest pain, which is described as a tearing sensation. This can spread to the abdomen

and lower back, depending on the propagation of the dissection flap. Other less common
presentations include syncope, weakness in the legs or even stroke-like symptoms.
Routine investigations may show a widened mediastinum (Figure 12.1) but for a definitive
diagnosis, computed tomography is required.

CLASSIFICATION OF AORTIC DISSECTION
The location of the primary entry tear in AD determines the subsequent clinical evolution
of the disease entity. Notably, the most proximal entry tear may not necessarily be the
primary entry tear (e.g. in the case of retrograde dissection with distal re-entry tears) [1].
Various classifications for AD are used in literature and clinical practice; classically, the
Stanford classification of AD is determined by the location of the primary entry tear and
the regions of the aorta affected. The Stanford classification defines cases according to the
location of the most proximal involvement, Stanford Type A dissections are those involving

any part of the aorta proximal to the origin of the left subclavian artery (LSCA) and Type B
dissections are those arlsing distal to the LSCA origin,

Another commonly used classification system Is that of Del akey, which separates the
Stanford Type A into those affecting the ascending aorta only from those that cross the arch [2].
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Other classification systems have divided the thoracic and abdominal aorta into 11 zones,

6 of which are within the thoracic cavity [3,4]. These are zones 0 to 5 and are invaluable

in describing the area of the thoracic aorta, where a stent may be placed, and which vital
branches might require coverage, to ensure a durable seal. This was published by the Society
for Vascular Surgery (SVS) Ad Hoc Committee on thoracic endovascular aortic repair
(TEVAR) reporting guidelines in 2010. AD acuity is described as acute (<2 weeks), subacute
(2 weeks to 3 months) or chronic (>3 months) [1].

WHY IS AORTIC DISSECTION ASSOCIATED WITH HIGH
MORTALITY RATES?

The incidence of acute AD varies considerably and is estimated to be between 3 and 16
cases per 1,00,000 individuals each year [1]. The Rochester Epidemiology Project suggested
an overall age- and sex-adjusted incidence of acute aortic syndrome of 7.7 cases per
1,00,000 person-years; acute AD is the most common form of acute aortic syndrome [5].
The true incidence of AD is underestimated: an unknown number of patients die out-of-
hospital from AD. Up to 7% of out-of-hospital cardiac arrests (OHCAs) are attributed to AD,
and the mortality rate associated with OHCA due to AD is 100% [6).

Aortic rupture is a predominant complication of AD. Intimal-medial separation
and formation of the perfused FL weaken the aortic wall considerably and predispose
to unfavourable morphological changes (e.g. aneurysmal dilatation). Refractory
systolic hypertension is a common finding in patients with acute AD: the increased
hemodynamic shear force exerted on the weakened aortic wall predisposes to
rupture [7].

Acute aortic valve regurgitation is the most common complication of AD involving the
ascending aorta [1]. It is caused by detachment of the valve commissures from the aortic
wall (due to retrograde separation of the intimal and medial layers), incomplete valve
closure due to root dilatation or prolapse of the dissection membrane through the valve [1].
Even in the absence of aortic rupture, acute aortic regurgitation and pump failure increase
the risk of mortality considerably.

Malperfusion syndrome is thought to occur in 40-50% of patients with AD and
potentiates coronary, cerebral, spinal, visceral and lower body ischaemia [7]. Variable
protrusion of the dissection membrane into the ostium of an aortic branch vessel,
dependent on changes in FL pressurisation with the cardiac cycle, causes dynamic
malperfusion of the downstream organ bed and, therefore, variable symptoms [8]. In
contrast, static protrusion of the dissection membrane into the branch ostium causes
thrombosis of the vessel, resulting in ischaemia of the branch's organ bed [8). Visceral
malperfusion syndromes are more commonly seen in AD affecting the descending thoracic
aorta (DTA), while coronary malperfusion may be seen in ascending AD,

Type A

Stanford type A AD (TAAD) is analogous to DeBakey types [ and 11 AD, referring

to dissection of the ascending aorta with the primary entry tear located along the
ascending aorta or aortic root (Figure 12,2) [9]. Acute TAAD is thought to carry the
worst prognosis (approximately 1% mortality rate per hour) and typically warrants
urgent open surgical repair (OSR), It should be noted that ascending AD, originating
from an entry tear In the aortic arch or DTA, is referred to as retrograde type A thoracic
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Flgure 12.2 77-cm aortic foGt
dilatation with type A 20r0C
dissection which has propagated
distally into the descending tharace
aana. TL true lumen; FL, false lumen

AD (rather than TAAD) and carries a 2% attrition rate per hour, due to the likelihood
of cardiac tamponade secondary to rupture or transudation, aortic regurgitation and
malperfusion syndromes [1].

TypeB

Stanford type B AD (TBAD) refers to dissection of the descending aorta with or without
involvemnent of the abdominal aorta, in the absence of aortic arch or ascending aortic
disease [1). Acute TBAD is traditionally further subdivided into complicated (co-TBAD)
and uncomplicated (un-TBAD) forms, depending on the presence or absence of refractory
pain, refractory hypertension, early aortic expansion, malperfusion syndrome and signs
of aortic rupture [10]. These criteria are, however, based on broad consensus rather than
clinical evidence, and indeed factors such as refractory pain or hypertension both leave
room for subjective interpretation. Un-TBAD can often be managed with conservative
medical therapy, while co-TBAD typically requires endovascular or surgical repair [10].

Non-A non-B

Non-A non-B AD refers to aortic arch dissection without ascending aortic involvement
and is further subdivided into descending-entry type il the entry tear is distal to the LSCA
or arch-entry type if the entry tear is between the LSCA and innominate artery (IA) [11].
This subgroup of AD is uncommon and associated with a high risk of rupture, evolution to
retrograde type A thoracic AD, and end-organ malperfusion.

Stanford type A aortic dissection

Up to 66% of AD cases are Stanford type A, Acute TAAD represents a challenging surgical
emergency [12], The risk of mortality associated with acute TAAD Increases by 1-2% each
hour. Nonoperative management of acute TAAD Is assoclated with a 60% mortality rate

[9]. Key complications of acute TAAD include aortic rupture, cardlac tamponacde, aortic
regurgitation and malperfusion, Notably, the definitive operative management of acute
TAAD (the current gold-standard) Is Itself also assoclated with high mortality and morbidity
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rates; complications such as stroke, spinal cord injury (SCI), recurrent laryngeal nerve
(RLN) palsy and renal dysfunction are common [13].

Surgical management

Open surgical repair of acute TAAD is life-saving and remains the gold-standard treatment
[9]. The rationale behind OSR is to exclude the primary entry tear, prevent continued FL
pressurisation, induce FL thrombosis, ensure visceral perfusion and promote positive TL
remodelling. OSR is maximally invasive and is associated with a rising turn-down rate, as
patients are declared unfit for OSR given the need for cardiopulmonary bypass (CPB) and
hypothermic circulatory arrest (HCA) [14]. Notably, some patients with retrograde type A
thoracic AD may be treated definitively with TEVAR of the DTA [1]. Similarly, patients who
have suffered iatrogenic catheter induced TAAD limited to the aortic, root may be treated
with nonoperative management [1].

There exists a spectrum of approaches to the surgical repair of the ascending aorta,
such as ascending-only ‘limited’ replacement, hemiarch reconstruction (HAR) and total
arch reconstruction (TAR). However, there have hitherto been no randomised controlled
trials (RCTs) evaluating the efficacies of each technique; the decision to undertake limited
or extensive aortic arch reconstruction is chiefly informed by patient characteristics and
disease extent [9].

Perioperative care

The use of CPB and HCA in proximal aortic surgery afford the surgeon a bloodless
operative field, while simultaneously protecting the brain and viscera against hypoxic
damage [15]. Cannulation strategies for instituting CPB vary considerably between
patient, surgeon and centre; femoral, axillary or innominate cannulations are the

most common [9]. Following the initiation of CPB, the circuit is cooled to the desired
temperature [<24°C for deep HCA (DHCA), or 224°C for moderate HCA], in addition to
topical cooling of the head with packed ice. Core temperature is monitored via a probe
in the urinary bladder. Adjunctive cerebral perfusion techniques, such as antegrade
cerebral perfusion (ACP), retrograde cerebral perfusion (RCP) or integrated cerebral
perfusion, are employed to protect the brain during intervals of circulatory arrest [15].
These involve cannulation of the arterial supply (in ACP) or venous outflow (in RCP) of
the brain. The brain can then be perfused with oxygenated blood in isolation, once HCA
is established.

There is currently no consensus on the optimal approach to neuroprotection in
aortic arch surgery. A 2023 review found that DHCA alone, though associated with
favourable short-term outcomes in cases where the duration of HCA did not exceed 30
minutes, was associated with an increased risk of perioperative stroke and mortality,
when HCA duration exceeded 30 minutes [16]. DHCA without ACP or RCP has been
identified as a risk factor for perioperative stroke and is associated with poorer long-
term survival rates compared to DHCA plus ACP or RCP and is no longer recommended
for the operative treatment of TAAD [17,18]. There exists limited evidence to suggest
the superiority of RCP or ACP over the other [16], Prospective investigations remain
scarce and limited by thelr small cohort size. Both techniques are, therefore, endorsed
by the American Assoclation for Thoracic Surgery [16]. ACP has established itself among
European centres, as it can be used in conjunction with moderate HCA (leading to
shorter rewarming and overall CPB durations), the brain is perfused in the physiological
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anterograde manner and RCP has been associated with limited benefits for longer (> 60
minutes) cases [9].

Limited aortic arch repair

In cases where the primary entry tear is isolated to the ascending aorta, replacement
thereof with a vascular graft proximally anastomosed to the sinotubular junction is
performed [1]. Depending on whether the entry tear extends to the aortic arch, the surgeon
may opt to extend the distal anastomosis by performing a bevelled anastomosis, or
hemiarch replacement [9]. The distal anastomosis may be strengthened with a multilayer
reconstruction using felt or by buttressing with folded redundant adventitia. A high-quality
suture line is crucial for preventing new intimal tears, postoperative bleeding and to ensure
durability [9]. Open distal anastomosis, under CPB and HCA, has been associated with
improved survival outcomes and aortic remodelling than clamped distal anastomosis
[19,20]. However, clamped distal anastomosis without HCA may be preferred at lower-
volume centres [9].

Isolated replacement of the ascending aorta may be sufficient in patients with functional
aortic valves and normal aortic root diameters. Patients with aortic root dilatation, coronary
artery ostial involvement or aortic valve dysfunction usually require a concomitant Bentall
procedure [1]. However, valve-sparing root replacement should be considered in patients
<50 years old with root dilatation [21].

Patients undergoing limited aortic arch repair for TAAD may require complex
reoperation in the future. Hemiarch repair has been associated with significantly better
freedom from reintervention rates at 10 years than ascending-only repair [22]. The
question of balancing the risks and benefits associated with limited versus extended repair,
therefore, remains a topic of debate.

Extended aortic arch repair

Extended aortic arch repair may be indicated in patients with TAAD, wherein the primary
tear extends beyond that which would be replaced by HAR, when such intervention would
not fully restore physiological TL flow, or in the case of non-A non-B AD. Extended repair
should also be considered in patients with malperfusion syndromes, or in younger patients
with connective tissue disorders (e.g. Marfan syndrome) [23]. Extended repair in acute
TAAD typically refers to total arch replacement (TAR), which involves complete resection of
the ascending aorta and arch, with either complete or partial arch vessel debranching and
reimplantation.

The frozen elephant trunk (FET) technique is the preeminent form of TAR and involves
the use of a specialised two-part endoprosthesis comprised of a proximal portion, designed
for replacement of the ascending aorta and arch and a distal stented portion, intended for
insertion into the remaining native DTA, past the distal anastomosis. The distal 'frozen’
stent-graft promotes favourable downstream aortic remodelling and facilitates hybrid
TEVAR for complete stabilisation of the DTA [13]. Additionally, occlusion or dissection of
the arch vessels may not be relieved by limited aortic arch repair, whereas TAR provides a
useful platform for arch branch reconstruction and secondary TEVAR [24,25]. Thrombosis
of the FL occurs in up to 85% of patients post-FET [26). Furthermore, the use of a
continuous arch graft and distal stent-graft eliminates the risk of endoprosthesis migration
and type [ endoleak.

The surgical technique of the FET procedure is discussed at length in the literature
[24,27,28]. Once anaesthetic preparations are complete, access is gained via median
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stenotomy and the desired vessels are cannulated. A femoral guidewire may be positioned
in the DTA to aid identification of the TL [28). CPB, cardioplegia, hypothermia and the
chosen cerebral perfusion method are instituted, and the patient is heparinised. The
diseased portion of the aorta Is then resected and the aortic root and DTA are inspected.
Concomitant repair to the aortic root or valve may be performed [27,29]. The stent-graft

of the FET endoprosthesis is then advanced, anterograde, down the remaining distal
aorta, with care taken to ensure TL patency and dissection membrane integrity. The distal
anastomosis site may vary between patient, centre and surgeon; it can be performed distal
to the LSCA, along the aortic arch, or at the level of the 1A take-off [24]. Most commercially
available FET endoprostheses feature a dedicated cuff positioned between the proximal
graft and stent-graft, to facilitate distal anastomosis [13]. Following distal anastomosis, the
arch vessels are reimplanted via the island technique or to the endoprosthesis’ branches
(devices with adjustable branch arm length simplify challenging LSCA anastomosis) [13].
Some FET devices feature a dedicated lourth branch to allow reperfusion of the lower
body, after distal anastomosis [13]. Proximal anastomosis can then be completed. It is
crucial to meticulously de-air the endoprosthesis following each anastomosis. Following
implantation of the FET device, the patient may be rewarmed, circulation restarted and
protamine administered.

The FET procedure is known to be associated with longer CPB durations than most
cardiac surgical procedures. Tan et al. (2022) reported average CPB and DHCA durations
of 202 + 72 and 69 + 50 minutes respectively in their series 0f 931 patients treated with the
Thoraflex Hybrid endoprosthesis (Terumo Aortic, Scotland, UK) [13]. Over 30,000 hybrid
TAR procedures involving FET devices have been carried out [30]. Early mortality ranges
from 1.5 to 17.2% across various devices and centres [30]. Long-term outcomes following
the FET procedure are also favourable: Tan et al. (2022) reported a 94% event-free survival
rate at B4 months postoperative [11]. Multicentre studies have shown that extensive FL
thrombosis can be achieved in up to 85% of patients following FET, and that neurological
complication rates can be as low as 1.9% [13,26].

However, the risks associated with prolonged CPB and HCA durations should be
considered carefully before proceeding with TAR. Additionally, stenting of the DTA is
associated with a risk of SCI, with more extensive stenting increasing the risk thereof
significantly.

Endovascular management of type A aortic dissection

Given the invasiveness and physiologically demanding nature of open TAR, the turn-down
rate associated therewith is as high as 40% and continues to increase [14]. TEVAR of the
ascending aorta and aortic arch represents a promising alternative treatment for patients
deemed unsuitable for open TAR. Aortic arch TEVAR would, in comparison, be minimally
invasive (requiring only femoral access) and conducted under general anaesthesia, without
the need for CPB or HCA. Endografts purpose-built for on-label use in the aortic arch are
now available [31,32]. Fenestrations, branches or chimneys are used to ensure patency of the
arch vessels, and many such endografts, such as the RELAY Branched series (Terumo Aortic,
Scotland, UK), are custom-made to maximise the likelihood of technical success [31].

Aortic arch TEVAR should be avoided in patients with unfavourable anatomy. Such
contraindications include primary entry tears within 20 mm of the sinotubular junction,
lack of suitable access vessels, proximal landing zone diameter <38 mm, aortic valve
involvement and the presence of coronary artery bypass grafts anastomosed to the

ascending aorta [14,33].
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The mediolateral and anteroposterior curvatures of the aortic arch and DTA may inhibit
torque control over guidewires; buddy wires or through-and-through catheterisation
may, therefore, be required [34]. The risk ol endogralt misalignment or malorientation
is also greater than in traditional TEVAR, as the windsock eflect is most pronounced
under the maximal hemodynamic pressures of the ascending aorta [35]. Intraluminal
instrumentation, or the manipulation of diseased proximal aorta, also presents a risk of
particulate embolisation or arch vessel coverage - this risk is greater in patients with more
proximal landing zones [31]. Care must be taken not to cause extension of the dissection
into the arch vessels, as this may cause static or dynamic cercbral malperfusion.

Early data on the use of aortic arch TEVAR is promising, with multicentre analyses
from Europe reporting 2.7% mortality, 4.1% disabling stroke, 5.4% non-disabling stroke
and 19.6% reintervention rates [31). Additionally, technical success rates of 99.3%
have been reported, with 80.2% of patients exhibiting target vessel patency 24 months
postoperative [32].

Medical management of type A aortic dissection

Optimal medical therapy (OMT) is not a substitute for curative surgery in TAAD. Rather,

its role is to optimise patients with TAAD for theatre by decreasing as much as possible the
hemodynamic shear force exerted on the dissection membrane [9]. This serves to reduce FL
pressurisation and the risk of rupture. Initial medical therapy should be informed by each
patient’s clinical presentation, and complications (e.g. aortic regurgitation or malperfusion
syndrome) should be alleviated where possible.

Anti-impulse therapy involves optimising heart rate, blood pressure and maximal
changes in left ventricular (LV) pressure (also termed dP/ dt__ ) during systole [36]. a- and
B-blockers are commonly used to achieve hemodynamic optimisation (blood pressure
<120/80 mmHg, heart rate <70 beats/min), with angiotensin-converting enzyme inhibitors,
angiotensin receptor antagonists and dihydropyridine calcium channel blockers available
as alternatives [10]. Notably, a similar approach is taken to the medical management of
un-TBAD (Section 3).

Stanford type B aortic dissection

Type B AD refers to dissection of the distal thoracic aorta (DTA) with or without
involvement of the abdominal aorta. Importantly, the aortic arch and ascending aorta are
unaffected (Figure 12.3). TBAD is less common than TAAD and may sometimes follow a
comparatively benign clinical course, requiring only medical therapy [1]. The management
of TBAD depends largely on whether the dissection is considered complicated or
uncomplicated - misdiagnosing co-TBAD as un-TBAD may have disastrous consequences.

Classification of acute type B aortic dissection

The classification of acute TBAD into co- and un-TBAD represents an area of ongoing
debate. Current SVS and Society of Thoracic Surgeons (STS) guidelines (from 2020 and
2021 respectively) define TBAD as complicated when occurring in the presence of clinically
or radiologically apparent aortic rupture or malperfusion syndrome [37]. This distinction
provides a binary view of what is a dynamic and progressive disease entity. Current
guidelines recommend that patients with co-TBAD undergo TEVAR, while patients with
un-TBAD be managed conservatively, with anti-impulse therapy [5]. This begs the question
how best are patients, not definitely complicated or uncomplicated, treated?
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Figure 12.3 Computetised tormagram of a $4-year-old
man presenting with acute chest pain, This shows a type
B aortic dissection with the entry tear just distal to the
origin of the left subclavian artery. LSCA, left subelavian
|'H1E‘f‘_". JIrOWY, r'n!r;,r tear,

Additionally, the SVS and STS guidelines point to a third group of ‘high-risk’ un-TBAD
patients, who exhibit clinical features suggestive of imminent deterioration, development
of malperfusion syndrome and aortic rupture (i.e. progression to co-TBAD) [7]. Bashir et
al. (2023) have defined these as - maximal aortic diameter >40 mm, FL diameter >22 mm,
single entry tears >10 mm, primary entry tears proximal to the LSCA and a free-floating
TL [38]. Whether patients with "high-risk’ un-TBAD (without malperfusion syndrome
or aortic rupture) would benefit from early TEVAR is a question widely investigated
and discussed in the literature. The landmark ADSORB trial found that early TEVAR (in
addition to anti-impulse therapy) led to improved aortic remodelling (decreased maximal
FL diameters and higher FL thrombosis rates), compared to OMT alone [39]. Similarly, the
INSTEAD trial argued that early TEVAR in un-TBAD led to a reduction in aortic event-
related mortality, disease progression and improved FL thrombosis rates compared to
anti-impulse therapy alone, despite there being no significant difference in all-cause
| mortality [40]. Research into the use of biomarkers, such as monocyte to high-density
; lipoprotein cholesterol ratio, to identify patients with un-TBAD that would benefit from
l pre-emptive TEVAR, is ongoing [38].

‘ Optimal medical therapy for type B aortic dissection

! Anti-impulse therapy is the initial treatment plan for un-TBAD not at risk of deterioration

5 to co-TBAD and is described above. A stepwise approach to the management of un-

i TBAD, which ensures identification of the primary entry tear, status of the LSCA, aortic
dimensions and excluding organ malperfusion or imminent rupture, is crucial [7]. Once
hemodynamic optimisation is achieved and the patient is successfully stabilised, follow-up

| imaging and assessment postdischarge is essential [7].

Endovascular repair for type B aortic dissection

Thoracic endovascular aortic repair is the mainstay treatment for TBAD in patients
with favourable anatomy, for whom medical management alone would be insufficient

E-.-\-' _|."'"_ _i
.
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(Figure 12.4), TEVAR is efficacious in achieving rupture control, entry tear exclusion,
restoration of TL flow, FL obliteration and in reducing visceral ischaemic time (in
addition to being far less invasive and associated with fewer short-term mortalities and
complications than OSR) [7]. In 2013, the US Food and Drug Administration expanded the
indications for TEVAR to include traumatic aortic transection and TBAD [41].

Preoperative planning involves thorough imaging assessment of the landing zone,
thoracic aortic tortuosity, coverage length, LSCA involvement and access sites, to ensure
anatomical compatibility with TEVAR, For example, 20 mm of healthy aortic wall either
side of the endograft and a TL diameter between 16 and 42 mm are usually required
[41]. Patients with challenging anatomy may be treated with scalloped, fenestrated or
branched endografts (or considered for OSR), and brachiofemoral through-and-through
guidewire access may also be used. The use of physician-modified grafts is increasing, as
these are especially useful in cases where the landing zone is suboptimal [41]. Patients
with atherosclerotic or tortuous iliofemoral arteries may require preoperative balloon
angioplasty to treat any stenosis prior to stent deployment [41].

The predominant complications of TEVAR are SCI, stroke, endoleak and access site
injury. Both TEVAR and OSR are associated with a similar incidence of SCI of around
2-10%, which is primarily the result of inadequate collateral perfusion of the spinal cord,
secondary to intercostal artery coverage or atheroembolism of aortic plaques to the
segmental arteries [39,41). More extensive DTA coverage by the endograft is also associated
with a greater risk of SCI [42]. Prevention methods include mean arterial pressure
optimisation, lumbar cerebrospinal fluid drainage and intrathecal papaverine [43].

The incidence of postoperative stroke ranges from 1.2 to 8.2% and may occur due to
manipulation of the aortic arch, causing particulate embolism or a reduction in global
cerebral perfusion due to aortic coverage (e.g. coverage of the LSCA without preoperative

Figure 12.4 Thoracic stent graft placed in zone

2 oecluding the arigin of the LSCA, A left C5B has been
perfarmed. A plug was subsequently inserted inta

the LSCA proximal to the origin of the VA LSCA, left
subclavian artery; CSB, carotid subclawian bypass; VA,
vertebral artery,
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extra-anatomical bypass), perloperative hypotension or prolonged operative duration
[31,44). Screening patients for a dominant left vertebral artery, routine preoperative LSCA
revasculavisation and the use of fenestrated, scalloped or branched endografts serve to
reduce the risk of TEVAR-induced stroke [45].

Endoleak refers to continued pressurisation of the diseased aortic segment, despite
placement of an endograft. Reintervention is invariably the treatment for an endoleak,
while percutaneous methods are typically effective, open surgical reoperation may be
required. Type I1 endoleak - where the diseased segment is perfused by retrograde flow
from a branch vessel - is the most common form of endoleak associated with TEVAR [46].
Type I endoleak results from inadequate proximal (Ia) or distal (Ib) sealing. Type Il and IV
endoleaks result from graft defects and graft porosity respectively - these have now become
rare complications due to advances in endograft material [41].

Vascular access remains a limiting factor for patient eligibility, even though this can
be modified by preoperative balloon angioplasty, predominantly of the iliac arteries.
Preoperative assessment of iliofemoral artery morphology and ankle-brachial pressure
index are essential [41]. Early complications such as arterial dissection, rupture, perforation
or distal embolisation may warrant rapid conversion to OSR.

Open surgical repair for type B aortic dissection
he popularity of OSR for TBAD has declined in favour of percutaneous, minimally
.avasive and endovascular alternatives. However, OSR remains a viable option for patients
rith co-TBAD that are anatomically unsuitable for TEVAR, patients with un-TBAD and
-redictors of poor outcomes, younger patients (OSR is associated with less late aneurysmal
-1anges) and patients with chronic dissection with late malperfusion syndromes [47,48].
. Tost frequently, OSR is indicated in chronic TBAD: TEVAR for chronic TBAD is associated
with more variable aortic remodelling rates than acute TBAD, notably TEVAR has been
demonstrated to not reduce aortic rupture risk or increase life expectancy in chronic TBAD
[48]. In contrast, OSR totally ameliorates the risk of aneurysm-related death in chronic
TBAD, by entirely replacing the diseased segment of aorta [48].

The surgical technique for OSR in TBAD varies considerably depending on the
extent and nature of disease, patient-specific characteristics, local practice and surgeon
preference. For example, Trimarchi et al. (2006) evaluated the clinical outcomes of 82
patients undergoing TBAD OSR in 2006 and reported that 69.3% of patients underwent
descending aortic replacement, 20.6% underwent partial arch replacement, 9% received
concomitant visceral or iliac artery stenting and 48% of patients required HCA [49].

Modern surgical techniques and improvements in perioperative care have led to better
postoperative mortality and morbidity rates in OSR for TBAD. A 2014 systematic review of
contemporary and historical series reported a pooled 11.1% 30-day mortality rate [48]. The
incidences of postoperative stroke, SCI, renal dysfunction and reintervention were 5.6%,
4.9%, 11.9% and 9.9%, respectively. Contemporary series also demonstrated significantly
improved reintervention rates and medium-term outcomes [48].

Although TEVAR is associated with better short-term procedural outcomes in TBAD
than OSR, it should be noted that successful OSR eliminates the risk of unfavourable late
aortic remodelling in the repaired segment and may, therefore, represent a more suitable
option for younger patients, or those with connective tissue disorders. Furthermore, in
the endovascular era, patients who ultimately undergo OSR for TBAD are very likely to
have more extensive disease - 48.5% of patients in the aforementioned systematic review
required thoracoabdominal (rather than simply thoracic) repair [48].

| e
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CONCLUSION

The advances in imaging techniques and endovascular intervention rlms. r:];il. n; :ljmr -
treatment of AD has changed over the last 30 years. For TBAD (after miula (::-; c:l:n s
and pain control) close attention to the imaging performed ar.;d subtle EI::%: ;-ani-::med B
the treatment options. This has meant there are three categories for TB -ieq i ;
uncomplicated and high risk. The place of TEVAR for the latter two cate%or L
uncertain as does the timing and optimum length of coverage of the aor E —
For TAAD open surgery remains the gold standard though there have Eng-.n ¢ Dbﬂ (3
used with strict adherence to morphological criteria. The treatment a.::-l' ascen i ::. r :;1
and non-A non-B AD has seen the development of branched thoracic Emi:tsj'rll:tatlir:fl :
arch vessels to be perfused avoiding extra-anatomical bypass. Future 'a‘nru‘c {1 G
is common and the use of FET have enabled landing zones to be used in L’mle lu :é?glu «;it ]
avoiding redo surgery and left thoracotomy. All patients with AD :?eed carefu rt‘ i i s z;l
assessment mindful of the fact changes to the aorta can occur rapidly. Many patie it
AD will have connective tissue disorders such as Marfans and Ehlers Danlos syndrome
where open surgery may be appropriate for optimum long term results:

Key points for clinical practice

The classification of AD is yet to be standardised - while the Stanford classification is widely
used, other systems have been recently employed

. Aortic dissection a deadly disease due to malperfusion syndrome, valvular dysfunction and
aortic rupture

- Type A dissection most often requires surgical intervention, while type B dissection can be
managed medically or via endovascular repair

+ The medical management of type A dissection essentially serves as a ‘bridge’ to definitive,
life-saving surgical repair

- Patients presenting with uncomplicated type B dissection may be at a high risk of

deterioration and, therefore, could benefit from being managed as ‘complicated TBAD'
patients

+ Open surgical repair of TBAD is effective for chronic TBAD, younger patients and patients
with connective tissue disorders, as it ameliorates the risk of late aortic changes

+ Anti-impulse therapy, stabilisation and close follow-up with serial imaging are sufficient for
patients with uncomplicated type B AD without any high-risk features

————
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The role of tranexamic acid in
reducing surgical bleeding

John Houghton, lan Roberts, Robert Sayers

ABSTRACT

Results from randomised trials show that perioperative use of tranexamic acid (TxA)
significantly reduces surgical bleeding, without increasing the risk of vascular occlusive
events. The POISE-3 (Perioperative Ischaemia Evaluation 3) trial confirmed prior evidence
that TxA given at the start of noncardiac surgical procedures reduces the risk of major
bleeding events by about 25%. Also consistent with previous research, the POISE-3 trial
found a very low probability of any increase in thromboembolic events. Since TxA prevents
bleeding, it should be given prior to skin incision for maximal effect. Wider use of TxA will
improve surgical safety by reducing the risk of major blood loss and reducing unnecessary

blood transfusion.

INTRODUCTION

Tranexamic acid (TxA) is an antifibrinolytic that acts on the plasmin fibrinolysis pathway.
It inhibits fibrin clot degradation and, therefore, can reduce bleeding. Major perioperative
bleeding occurs in 10-15% of patients undergoing noncardiac surgery [1,2]. It is strongly
associated with 30-day mortality, and is the largest single contributor to postoperative
death following noncardiac surgery (17% of deaths) [1]. Recent evidence shows that TxA
use in surgery can reduce major bleeding and the use of blood products, and reduce
perioperative deaths.

HISTORY

The research leading to the discovery of TxA in the 1950s and 1960s was undertaken by
Japanese husband and wife medical researchers, Drs Utako and Shosuke Okamoto.
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The motivation for their research was to find a drug (hat could reduce maternal deaths
from postpartum haemorrhage. During the 1950s, they discovered that the amino acid
lysine inhibits the activation and conversion of plasminogen to plasmin, Recognising
that inhibition of plasmin formation, and subsequent reduction of fibrinolysis and clot
stabilisation, might be a potential therapeutic target to reduce bleeding, they discovered
that a synthetic lysine derivative, Epsilon aminocaproic acid (EACA), has a strong
antifibrinolytic effect [3]. Following this success, they discovered a more potent inhibitor
of plasmin activation, 4-amino-methyl-cyclohexane-carboxylic acid (AMCHA) [4]. Further
research demonstrated that only the trans isomer of AMCHA had an antifibrinolytic effect:
trans-AMCHA - or TxA [5]. These findings were independently corroborated by a Swedish
team in 1965 [6].

Despite the success of their laboratory-based research, the Okamotos were unable to
persuade their obstetric colleagues to undertake a clinical trial to determine the clinical
effectiveness of TxA in the treatment of postpartum haemorrhage [7]. While Utako lived to
see the start of the World Maternal Antifibrinolytic (WOMAN) trial, she died in 2016 shortly
before the results of the trial were reported, that did indeed demonstrate TxA reduces
maternal mortality from postpartum haemorrhage [8].

MECHANISM OF ACTION OF TRANEXAMIC ACID

Blood vessel injury during tissue damage (e.g. surgery or trauma) triggers a cascade of
physiological responses - vasoconstriction, platelet plugging and coagulation, resulting

in the formation of a fibrin clot formation. However, blood vessel rupture also triggers
fibrinolysis. Plasminogen binds to specific lysine molecules in the fibrin molecule, via
lysine binding sites, where it is activated into plasmin which causes fibrin degradation [3].
Endothelial damage causes the release of tissue-type plasminogen activator (tPA), which
also binds to fibrin via lysine-binding sites, in ducing localised fibrinolysis at the site of
injury. Natural plasmin inhibitors exist, such as plasminogen activator inhibitors 1 and 2,
and a2-antiplasmin [9,10). These enzymes work in normal homeostatic balance to stabilise
clot formation to prevent both bleeding and excessive clot formation.

Tranexamic acid is a competitive inhibitor of plasminogen, binding to the lysine-binding
sites on the plasminogen protein and preventing its activation to plasmin, thereby reducing
fibrinolysis [3]. As a potent antifibrinolytic, TxA can reduce fibrinolysis by blocking
conversion of plasminogen to plasmin and, therefore, reduce bleeding,

Tranexamic acid can be given orally or intravenously; however in the context of
surgery, it is important that the loading dose is given prior to the first incision and
release of tPA, to inhibit excessive plasmin activation, as TxA acts upon its precursor
!ﬂasmiﬂogen. In POISE-3 trial, a 1g intravenous loading dose was given at anaesthetic
induction (i.e. prior to the first incision) followed by a further 1 g intravenous bolus at the
end of the procedure [2].

While oral, intravefmus and even topical TxAs have an excellent safety profile, it
should be noted that inadvertent intrathecal administration of TXA (e.g. during epidural

anaesthesia for caesarean section) carries 3 sj i isk, TxA
; ‘ nl . B
is highly neurotoxic and intrathecal j et

njection 2 :
mortality rate [11], JeCtion induces rapid onset of seizures with a 50%
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THE PERIOPERATIVE ISCHAEMIA EVALUATION 3 TRIAL
AND OTHER EVIDENCE

There is considerable evidence that favours both the efficacy and salety of TxA - the most
important safety concern is that of thrombosis. The most recent evidence comes from
the POISE-3 trial. POISE-3 was a multicentred trial (114 hospital in 22 countries) that
randomised 9,535 adults aged 245 years, undergoing noncardiac surgery and deemed

at risk for bleeding and cardiovascular complications [2]. Patients were eligible if they
were anticipated to be admitted for at least one night postoperatively and met the criteria
to identify those at risk of bleeding and cardiovascular complications [12], Importantly,
patients were excluded if use of TxA perioperatively was already planned.

Participants were randomised to receive 1 g of TxA or placebo immediately prior to the
first skin incision (within 20 minutes before) and at the end of the procedure (at wound
closure). TxA (1 g) or a matched volume of 0.9% saline (placebo) was given as a bolus via
injection or infusion over 10 minutes. Patients undergoing cardiac surgery or intracranial
neurosurgery were excluded. 37% of patients underwent a general surgery procedure, 23%
orthopaedic and 15% vascular [2).

There were two major endpoints - a primary composite efficacy outcome of life-
threatening bleeding, major bleeding or bleeding into a critical organ within 30 days
(composite bleeding outcome) and a primary composite safety outcome of myocardial
injury, non-haemorrhagic stroke, peripheral arterial thrombosis or symptomatic proximal
venous thromboembolism within 30 days (composite cardiovascular outcome). The results
are summarised in Table 13.1. The safety outcome was assessed using the non-inferiority
principle - this tests whether the new treatment (TxA) is not worse than the current treatment
(placebo). In order to establish non-inferiority, an arbitrary value for the upper boundary of
the 97.5% confidence interval (CI) was set at <1.125 and the p value was set at < 0.025,

The results demonstrated a significant benefit of TxA in preventing major bleeding
events, within 30 days of surgery. There were fewer bleeding events (composite bleeding

.* Table 13.1 Summary of results from POISE-3 trial (Devereaux et al. 2022)

Placebo TxA HR (Cl} or p value
Patients 4,778 4,757
*Bleeding events at 30 days 561 (11.7%) 433 (9.1%) 0.76 (0.67-0.87)
{composite bleeding outcome)
*Thrombotic events at 30 days 639 (13.9%) 649 (14.2%) 1.02 (0.92-1.14)
{composite cardiovascular outcome)

| Bleeding associated with death 541(11.3%) 416 (B.7%) 0.76 (0.67-0.87)

' Major bleeds 496 (10.4%) 363 (7.6%) 0.72 (0.63-0.83)
Major bleed according to ISTH criteria 415 (8.7%) 315 (6.6%) 0.75 (0.65-0.87)
Transfusion =1 unit packed red cells 574 (12.0%) 449 (9.4%) 0.77 (0.68-0.88)
SAE 242 15.1%) 263 (5.5%) p=0.16
*Primary outcomes
(Cl, confidence interval; HR, hazard ratio; ISTH, International Society on Thrombosis and Haemostasis; SAE, serious

kadverse events) . . . J
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outcome) in the TxA group (433 patients; 9.1%) than the placebo group (561 patients;
11.7%). This translates to a 24% reduction in bleeding risk with TxA [hazard ratio (FR) 0.76;
95% CI 0.67, 0.87]. This was largely due to a significant reduction in major bleeds (resulting
in a postoperative haemoglobin 70 g/L; a transfusion of 21 unit of red blood cells; or led to
an intervention) from 10.4% in the placebo group to 7.6% in the TxA group (FHR 0.72; 95%
CI10.63, 0.83).

The composite cardiovascular outcome (primary safety endpoint) was similar in the
two groups. A total of 649 (14.2%) of the TxA group and 639 (13.9%) of the placebo group
had one or more of the thrombotic events that made up the composite cardiovascular
outcome, within 30 days of surgery (MR 1.02; 95% CI 0.92, 1.14). The incidence of the
individual perioperative thrombotic events that made up the composite cardiovascular
outcome (myocardial infarction, non-haemorrhagic stroke, peripheral arterial thrombus
or symptomatic proximal venous thromboembolism), were similar across both the TxA ,
and placebo groups. However, although the thrombosis rate was similar in the two groups, '
inferiority was not established.

Another area of potential concern for surgeons, when assessing the relevance of POISE-3
to clinical practice, is the results from the subgroup analysis [2]. Significant benefits of
TxA administration were recorded for urology, spinal, orthopaedic and general surgical
procedures. Although there was no statistically significant reduction in major bleeding in
the vascular surgery subgroup, the results were consistent with the overall effect.

The POISE-3 supports many other studies that show benefits of TxA in preventing major
surgical bleeding [13-15). However, the question of thrombosis risk is likely to be a concern
for surgeons and requires further consideration.

Another recent trial that addressed this issue was the ATACAS (Aspirin and Tranexamic
Acid for Coronary Artery Surgery) trial, which is important because it investigated TxA
in patients undergoing coronary artery surgery [13]. Cardiac surgery was one of the two
surgical specialties not covered by POISE-3, the other being intracranial neurosurgery [2].

In ATACAS, 4,631 patients undergoing coronary surgery were randomised to TxA
(n=2,311) or placebo (n = 2,320) [13]. The primary outcome was a composite of death and
thrombosis (non-fatal myocardial infarction, stroke, pulmonary embolus, renal failure

or bowel infarction), within 30 days of operation. The primary outcome occurred in 386
patients in the TxA group (16.7%) and 420 patients in the placebo group (18.1%) [relative
risk (RR) 0.92; 95% CI 0.81-1.05; p = 0.22]. Transfused blood products were lower in the
TxA group (4,331 vs. 7,994, p < 0.001). Major bleeding or cardiac tamponade requiring
reoperation was also significantly lower in the TxA group (1.4% vs. 2.8%, p = 0.001) but
seizures were more common in the TxA group (0.7% vs. 0.1%, p = 0.002). The results of
ATACAS (summarised in Table 13.2) show a reduced risk of bleeding, but no increased risk
of death or thrombotic complications after surgery.

In addition, two recent meta-analyses have investigated the safety of TxA and found
that TxA did not appear to increase the risk of thrombotic events. Murao et al. (2021)
investigated 234 studies in 1,02,681 patients with traumatic, surgical, obstetric, intracranial
or gastrointestinal (GI) bleeding [16]. There was no evidence that TxA increased the risk of
thrombotic events (RR 1.00; 95% CI 0,93, 1.08), venous thromboembolism (RR 1.04; 95% CI
0.92, 1,17), acute coronary syndrome (RR 0.88; 95% CI 0,78, 1.00) or stroke (RR 1.12; 95%

CI0.98, 1.27).

A similar meta-analysis was performed by Taeuber et al. (2021) that investigated the

association of TxA with thromboembolic events and mortality in 216 studies of 1,25,550
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Table 13.2 Summary of results from ATACAS trial (Myles et al. 2017)

Placebo TeA RR (Cl) or p value

Patlents 2,320 231
*Death and thrombosis 420 (18.1%) Ie6 (16.77) 0.92 (0.81-1.05)
(composlie primary outcome)
Transfused blood products 7,994 4,331 p <0.001
Major bleeds/cardlac lamponade requiring 65 (2,8%) 32 (1.4%) p=0001
recperation
Myocardlal Infarction 300 (12.9%) 269 (11.6%) 0.84 (0.70-1.00)
Selzures 2(0.1%) 15 {0.7%) p=0.002
*Primary outcome

IL{l‘.'l. confidence Interval; AR, relative rlsk)

patients undergoing surgical procedures [17]. There were 1,020 thromboembolic events

in the TxA group (2.1%) and 900 in the control group (2.0%). There was no association
between TxA and risk of thromboembolic events such as venous thromboembolism,
pulmonary embolism, venous thrombosis, myocardial infarction or ischaemia and cerebral
infarction or ischaemia (risk difference 0.001; 95% CI -0.001, 0.002; p = 0.49). In addition,
use of TxA reduced overall mortality significantly and reduced mortality associated with
bleeding significantly.

ECONOMIC AND RESOURCE UTILISATION IMPACTS OF
PERIOPERATIVE TRANEXAMIC ACID

The National Institute of Health and Care Excellence (NICE) published guidance on

Blood Transfusion in November 2015 (updated in March 2022) [18]. The section regarding
alternatives to blood transfusion for patients having surgery (Section 1.1) states - patients
undergoing surgery that are expected to have at least moderate blood loss (>500 mL)
should be offered perioperative TxA. The guidance also advises that cell salvage should not
be routinely used without TxA.

These recommendations are based on an extensive meta-analysis and network meta-
analysis, in addition to a cost-effectiveness analysis, performed by the multidisciplinary
Guideline Development Group [18]. Pairwise, meta-analyses demonstrated that TxA
was related to lower risk of needing blood transfusion (RR 0.71; 95% CI 0.63, 0.81), lower
mean number of units of red blood cells transfused (0.83 lower; 95% CI 1.17 lower,

0.5 lower) and lower risk of postoperative mortality (RR 0.52; 95% CI 0.31, 0.87), when
compared to standard treatment in patients undergoing high risk surgery (anticipated
blood loss >1,000 mL). Results were similar for patients undergoing moderate risk
surgery (anticipated blood loss >500 mL), with lower risk of needing blood transfusion
(RR 0.45; 95% CI 0.38, 0.52) and lower mean number of units of red blood cells transfused
(0.88 lower; 95% CI 1.22 lower, 0.54 lower). Results were replicated in the network meta-
analyses and TxA use, either with or without cell salvage, was consistently ranked higher
than standard treatment in the rank-o-grams in patients undergoing surgery, with both
moderate- and high-risk for blood loss. Use of TxA was ranked the most cost-effective
option o reduce blood transfusion among individuals undergoing surgery with both

g
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moderate (€169 savings per patient) and high risk (212 savings per patient) based on
2015 costings [18].

Alongside this guidance, NICE published their Blood Transfusion Quality Standard
(Q5138) in December 2016 [19], Quality standard 2 in Q5138 states - ‘Adults who are having
surgery and are expected to have moderate blood loss are offered TxA’ and suggests that
the measure of quality for this standard is the proportion of all patients undergoing surgery
with moderate risk of blood loss (anticipated >500 mL blood loss). The 2021 National
Comparative Audit of NICE Q5138 published by NHS Blood and Transplant audited
records of 4,679 patients from 153 NHS hospital sites [20]. A total 0f 1,079/1,599 (67.5%)
of patients with expected moderate blood loss (>500 mL) received perioperative TxA.
Published estimates suggest that compliance with NICE guidelines and Q5138 would save
over 15,000 major perioperative bleeds and save 33,000 units of blood, at significant cost
savings to the NHS [21].

These potential savings of blood products are of even greater significance in low-
and middle-income countries, where resources of blood products are far scarcer.
Published modelling of the impact of TxA on reducing bleeding events in sub-Saharan
Africa estimates that the use of TxA is an extremely cost-effective method of reducing
perioperative mortality [22].

TRANEXAMIC ACID USE IN TRAUMA PATIENTS

The use of TxA in the context of trauma is well established and recommended in UK and
international guidelines [23,24]. The recommendations are largely based on the results of
the CRASH-2 (Clinical Randomisation of an Antifibrinolytic in Significant Haemorrhage 2)
trial [25].

The CRASH-2 trial recruited 20,211 adult patients (274 participating hospitals from 40
different countries) with significant haemorrhage (defined as systolic blood pressure <90
mmHg and/or heart rate >100 beats/min), or at high risk or significant haemorrhage, and
were within 8 hours of injury [25]. Included patients were randomised to receive either 1 g
loading dose of intravenous TxA (infused over 10 minutes) followed by a further 1 g of TxA
infused over 8 hours or matching placebo infusions (0.9% saline). The primary outcome
measure was in-hospital death within 28 days of injury. All-cause mortality (primary
outcome) was 14.5% in the TxA group versus 16.0% for placebo [absolute risk reduction
1.5%; risk ratio (RR) 0.91 (95% CI 0.85, 0.97); p = 0.0035]. Deaths due to bleeding were also
lower among those receiving TxA [4.9% vs. 5.7%; RR 0.85 (95% C1 0.76, 0.96); p = 0.0077].
No difference in vascular occlusive events was observed between the TxA and placebo
groups and incidence of myocardial infarction was lower among those receiving TxA [0.3%
vs. 0.5%; RR 0.64 (0.42, 0.97); p = 0.035].

The results from CRASH-2 (summarised in Table 13.3) also demonstrate the importance
of early administration of TxA in trauma. A retrospective, exploratory analysis of CRASH-2
data by the study authors sought also to investigate the effect of timing of TxA treatment on
deaths from bleeding [26]. Treatment within 1 hour of injury showed a significant reduction
in deaths from bleeding among the TxA group [5.3% vs. 7.7%; RR 0.68 (95% CI 0.57, 0.82);

p < 0.0001] with a similar benefit of TxA with those treated between 1 and 3 hours of injury
[4.8% vs, 6.1%; RR 0.79 (95% CI 0.64, 0.97); p = 0.03]. However, in patients treated >3 hours
after injury, TxA significantly increased the risk of death due to bleeding compared to
placebo [4.4% vs. 3.1%; RR 1.44 (95% CI 1.12, 1.84); p = 0.004]. The precise mechanism for
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Table 13.3 Summary of results from CRASH:2 trlal (Shakur et al, 2010)

Placebo Tuh RR (CI) or p value

Patients 10,115 10,096

*All-cause mortallty 1,613 (16.0%]) 1,463 (14.5%) 0.91 (0.85-0.97)
p=00035

Deaths due to bleeding 574 (5.7%) 489 (4.9%) (.85 (0.76-0.95)
p=0.0077

Any vascular occlusive event 201 (2.0%) 168 (1.7%) 0.84 (0.68-1.02)
p=0.0824 ns

Deep vein thrombosis 41 (0.4%) 40 (0.4%) 0.98 (0.63-1.51)
p=0.21ns

Myocardial infarction 3001{12.9%) 269 (11.6%) 0.64 (0.42-0.97) ns

Overall mertality in those treated »3 hours 1.00 (0.86-1.17) ns

after injury

*Primary outcome

(L confidence Interval; ns, non-significant; AR, relative risk) )

this observation is unclear. Trauma patients with hyperfibrinolysis have the highest early
mortality; however, fibrinolytic shutdown is a more common presentation and develops
within the first 3 hours of injury, which may explain the lack of overall mortality benefit

in TxA given >3 hours postinjury [27]. The development of thrombotic disseminated
coagulopathy, which can occur in the late phase of trauma, or a higher prevalence of
hypoxia and acidosis in those >3 hours postinjury leading to coagulopathy which may be
exacerbated by TxA, are also possible explanations [26,28]. It is important to note, however,
that there was no difference in overall mortality between TxA and placebo among those
treated >3 hours after injury [RR 1.00 (95% CI 0.86, 1.17)] [25]. Because of these findings, UK
NICE guidelines do not recommend the use of TxA in trauma >3 hours postinjury unless

there is evidence of hyperfibrinolysis [23].

TRANEXAMIC ACID USE IN OBSTETRICS

The use of TxA has been trialled in a number of other contexts. The drug was initially
developed to reduce maternal death from postpartum haemorrhage [29]. The WOMAN
trial randomised 20,060 women (193 participating hospitals; 21 countries) aged 216 years
with a clinical diagnosis of postpartum haemorrhage to receive either 1 g intravenous

TxA (infused over 10 minutes) or a matched placebo infusion, followed by a further
intravenous infusion of either 1 g TxA or placebo if bleeding continued after 30 minutes,
or restarted within 24 hours of the first dose. TxA reduced the risk of death from bleeding
within 6 weeks of delivery by 0.4% compared to placebo [1.5% vs. 1.9%; RR 0.81 (95%

CI 0.65, 1.00); p = 0.045] but the observed reduction in all-cause mortality at 6 weeks of
0.3% was not statistically significant [2.3% vs. 2.6%; RR 0.88 (95% CI 0.74, 1.05); p = 0.16].
However, similarly to the results from CRASH-2, there was a significant reduction in all-
cause mortality at 6 weeks with TxA versus placebo among women treated within 3 hours
of delivery of 0,5% [1.2% vs. 1.7%; RR 0.69 (95% CI 0.52, 0.91); p = 0.008). Subsequently, the
World Health Organisation recommends the use of TxA as early as possible within 3 hours
of onset of postpartum haemorrhage [30],
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The TRAAP2 (Tranexamic Acid for Preventing Postpartum Haemorrhage Pollowing
a Caesarean Delivery) trial also demonstrated benefit in women undergolng caesarean
section [31]. A total of 4,551 women were randomised to receive either a 1 g intravenous
bolus of TxA or placebo (normal saline) over 30-60 seconds during the 3 minutes
immediately after birth (after oxytocin or carbetocin administration and umbilical cord
clamping). The primary outcome of postpartum haemorrhage (>1,000 mL estimated blood
loss or red cell transfusion within 2 days postpartum) was experienced by 26.7% of women
in the TxA group (2,222 included in the modified intention to treat analysis) versus 31.6%
of women who received placebo (2,209 included) (adjusted risk ratio 0.84; 95% CI 0.75,

0.94; p = 0.003).

DOES TRANEXAMIC ACID STOP BLEEDING?:
THE HALT-IT TRIAL

Tranexamic acid has not been shown to be effective for all causes of major haemorrhage.
This may be due to its mechanism of action in preventing conversion of plasminogen

to plasmin and, therefore, is time dependent and is most effective prior to blood vessel
damage and tPA release [3]. As such, in settings where major haemorrhage is already
established, long courses of TxA may not be beneficial in treating bleeding.

An example of this is GI bleeding. The HALT-IT (Haemorrhage Alleviation with
Tranexamic Acid -Intestinal system) trial randomised 12,009 patients with significant
upper or lower GI bleeding to receive a 1 g loading dose of TxA (in 100 mL 0.9% saline) by
intravenous injection over 10 minutes followed by 3 g infusion (in 1,000 mL 0.9% saline)
over 24 hours or placebo (0.9% saline 100 mL injection plus 1,000 mL infusion only) [32].
Significant bleeding was determined clinically as patients with a risk of death due to
bleeding and included those with hypotension, tachycardia, signs of shock and those likely
to need transfusion or urgent endoscopy or surgery. The primary outcome was death due to
bleeding within 5 days of randomisation.

A total of 448 participants (3.8%) died due to bleeding within 5 days of randomisation
(primary outcome measure) [32]. There was no difference in the primary outcome between
the TxA and placebo groups (RR 0.99; 95% CI 0.82, 1.18). There was also no difference in
all-cause mortality at 28 days in the two groups (RR 1.03; 95% CI 0.92, 1.16). Incidence
of rebleeding at 24 hours (RR 1.00; 95% CI 0.65, 1.55), 5 days (RR 0.91; 95% CI 0.78, 1.07)
and 28 days (RR 0.92; 95% CI 0.81, 1.05) were also similar in both groups. The use of TxA
made no difference in the need for endoscopic, radiological or surgical intervention for Gl
bleeding, nor did use of transfused blood products differ between those receiving TxA and
placebo.

There was a small but statistically significant increase in the combined venous
thromboembolic events (deep venous thrombosis or pulmonary embolism), with an
incidence of 0.8% observed in the TxA group compared to 0.4% in the placebo group (RR
1.85; 95% CI 1.15, 2,98) [32]. TxA was also associated with a small increase in seizures (0.6%
vs, 0.4%; RR 1.73; 95% CI 1,03, 2.93).

In light of these results, the authors do not recommend that TxA is given to patients with
GI bleeding, outside the context of a randomised control trial,



CONCLUSION

Tranexamic acid Is an inexpensive, widely available and easy to administer drug with
an excellent evidence base to support its use to prevent major haemorrhage, in multiple
clinical settings. As such, TxA is listed in the WHO model list of essential medicines. In
patients undergoing non-cardiac surgery where at least moderate blood loss (>500 mL)
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is anticipated, TxA reduces risk of serious bleeding by approximately 25%. TxA should be
given immediately prior to surgery to prevent blood loss. Based on results from POISE-3, 1
g TxA given intravenously at induction of anaesthesia, followed by a second bolus during

or after surgery, is recommended. Good evidence exists of cost-effectiveness of TxA in
non-cardiac surgery. Widespread adoption of perioperative TxA in surgery anticipated
blood loss =500 mL in the UK, in line with NICE guidance, would prevent thousands of

perioperative bleeds and unnecessary blood transfusions annually.

Key points for clinical practice

Tranexamic acid reduces the risk of serious bleeding by 25%

The use of TxA is supported by the recent POISE-3 trial and NICE guidelines

TxA has the potential to prevent 15,000 serious bleeds per year across the NHS

TxA could save up to 33,000 units of blood being transfused per year in UK

NICE recommends the use of TxA in adult patients with a predicted blood loss >500 mL !
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