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Foreword

Over the last 15 years the arrival of the report of a

National Audit Project, or NAP, from the Royal College

of Anaesthetists has become an important part of the
infrastructure of UK Anaesthesia. During that time the NAP
teams have focused a bright, searching light on numerous
complications of anaesthesia and have advanced our
understanding of those complications, their avoidance and
their management. It is important to note that in reality the
NAP teams include not only the core people that run the
project at the College and the many members of the panel,
but also the majority of UK anaesthetists who together
have made major contributions to patient safety. Thank you
for everything you have done.

It therefore gives me great pleasure to intfroduce NAP7

in which the team have studied perioperative cardiac
arrest. There are several notable ‘firsts” in NAP7. Its remit
is arguably broader than any previous NAP because
cardiac arrest is the final common pathway of the most
serious complications of anaesthesia and surgery. It is also
unique in having been interrupted by a pandemic and,

as a consequence, being delayed for a year. During this
time the core team redirected itself to study the impact

of COVID-19 on anaesthesia, critical care and surgical
services in the Anaesthesia and Critical Care COVID
Activity Tracking (ACCC-Track) study. Finally, the main
project was rapidly redesigned with national surveys
conducted online and panel review meetings undertaken
remotely. These dramatic changes were necessarily made
at great pace so it is remarkable, and credit to the team,
that the project has been delivered on time and on budget.

The fundamental requirements of a NAP are that the topic
is important to patients and anaesthetists, incompletely
understood and suitable only for study by this method. |
anticipate the results of NAP7 will indeed be of interest

to patients, their loved ones and anaesthetists as well as
to the wider theatre and critical care team. The project

illuminates many aspects of perioperative cardiac arrest,
its management and the impact of it both on survivors and
staff involved in resuscitation. As always there will be much
to digest and many recommendations to implement to
improve care even further.

| would like to thank all the staff at the College who have
supported and guided NAP7. | would also like to thank
the professional and lay members of the panel who have
given countless hours of their own time over more than
four years to ensure the project is thorough and complete.
Last, but by no means least, | would like to thank every
member of the anaesthesia teams in the UK who has
submitted a case, completed surveys, acted as a Local
Coordinator or in any other way supported the project in
their department. The NAPs rely entirely on the good will
and professionalism of anaesthesia staff and in the context
of the workload and stresses of the last few years the
contributions to this project are particularly laudable.

NAP?7, like previous NAPs, provides reassurance for
patients and anaesthetists and highlights many areas of
good practice showing that anaesthesia is extremely
safe for the majority of patients. However, we must not
forget that it also highlights areas where there is room
for improvement and the challenge for all of us will be to
address these rapidly and effectively.

-

Dr Fiona Donald
President, Royal College of Anaesthetists

@RCoANews



A patient’s experience of

perioperative cardiac arrest

Emma Brennan

My cardiac arrest happened at 4.56pm on Friday 1 September
2017, during an operation to remove an abscess in my left
breast/chest. | had been terribly ill for three months due to
the initial unknown cause, but otherwise | was a healthy thirty-
something, and the proud mother of a new baby.

It had been a really difficult time, involving multiple rushes to
ASE (several hospitals) and admissions, with extensive tests
investigating everything from suspected blood clots on my lungs
to abscesses on my spine, with visits from every department they
could throw at me.

Infection riddled my body, all through my lymph glands,

my muscles and my nerves. | was described as septic and
septicaemic and, on my third admission to hospital, | was
assigned to the breast surgical team, who realised that if they
didn't operate, | probably wouldn't last too much longer.
Attempts to aspirate the abscess were unsuccessful and
antibiotics were not penetrating the abscess, so surgery

was the only option.
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| was in hospital for a week before the operation (having been
admitted over a bank holiday) and was scheduled to be the last
operation on the Friday, due to my surgery being ‘dirty’ but | was
finally hopeful that my sickness and illness would at last be gone,
and | could get back home to my new baby. The nurses helped
me wash my hair, to make me feel fresh (as | still couldn’t move
properly), and | actually walked the few steps to the operating
area (which felt most strange|. The consultant anaesthetist
informed me how they would put me to sleep and then left me
with the registrar. My sister-in-law is a consultant anaesthetist,

so we were joking that we should video call her to check he was
doing it correctly. As with any operation, | told them how they'd
probably have to wake me up to put me to sleep - | get very
relaxed when lying down and doze off of my own accord!

And, for me, that was as much as | knew until | started to

come round in recovery — which is when | immediately sensed
something wasn't right. | couldn’t open my eyes yet but could
hear a person sat next to me constantly, and another stood close
by. | knew they must be nurses and could hear they were Filipino
(I lived there and my husband is Pinoy). So, in my incredibly hazy
state, | tried to talk to them in Tagalog. They must've thought

| was some crazy person mumbling, as they couldn’t understand
me. As a little more time passed, | woke more and tried again,
asking why my chest and arm hurt so much. They were so
amazed they started chatting back to me, as though we weren’t
in a hospital at all. It was then that the surgeon came, stood at
the bottom of the bed and told me I'd gone into cardiac arrest
during the procedure. Although in my head | knew exactly what
that meant, all | could say was ‘Oh, OK'. The poor man was white
as a ghost (he's only in his 40s) and said he'd come back a little
later. By that time my husband had arrived. | thought it was weird
they'd let him into recovery.

The consultant anaesthetist then arrived to explain what had
happened, and that they were taking me up to intensive care.
Although the surgeon knew the approximate size of the abscess,
when he opened me up he discovered it was all the way up to
my chest wall. When | arrested | was in full ventricular fibrillation,
and then my ECG showed a long QT (an electrical condition of
the heart that increases the risk of dangerous abnormal heart
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Patient experience

rhythms). They weren't sure if the abscess had damaged my
chest wall or whether the infection had got through the

chest wall, but they think the reason | arrested was due to a
complication of the antibiotic I'd been put on mixed with the
anaesthetic. I'd incorrectly been marked as allergic for penicillin
during earlier admissions at a previous hospital. Although |
explained | never have been and since confirmed this, this
hospital didn't undertake any fresh checks, and therefore stuck
to their own protocol and treated me as penicillin allergic.

| spent two days in intensive care before being transferred to
another hospital with a coronary care unit for a further three
weeks undergoing every possible test to understand why I'd
arrested. Luckily, | had no damage to my heart, brain or organs,
but electrophysiology studies showed a diagnosis of probable
CPVT (catecholaminergic polymorphic ventricular tachycardia).
Six weeks after the original operation, the same surgeon took me
back into surgery to close the hole in my chest - this time | was
kept awake as the surgeon was scared about operating on me
under general anaesthetic again.

Six weeks after my discharge from the coronary unit, the heart
team took me into surgery to insert a subcutaneous implantable
cardiac defibrillator (SICD). This was done with a general
anaesthetic.

As part of my cardiac rehab | had physical classes but also
sessions with a psychotherapist, which | really needed to help
deal with such a trauma. | asked if it would be possible to

meet with the anaesthetists who had cared for me during my
operation, as for me this was a really important thing - not only
to gain the knowledge of what happened, how it happened,
what they did etc. but also to ask them how they were, and how
the situation had made them feel. | know doctors are trained to
deal with this, but they're still human, and losing or nearly losing
patients must take its toll. Even now | can remember the face of
the surgeon and the consultant anaesthetist when they came

to me in the recovery area to explain what had happened. Both
were visibly shaken. And to see the registrar anaesthetist again,
with whom I'd joked before going to sleep, to then know he was
the one doing the chest compressions while the team worked
around him, was very emotional. But I'm so glad | did it, and

| think it was nice for them too, as they said they never get to
see patients after the event or know what’s happened to them.

Life post-cardiac arrest is certainly very different. Although I've
tried to get back into my ‘normal’ life, there is & constant ‘what
if¢" in my thoughts. My body has never really recovered, and
with the beta blocker medication I'm now on | find it hard to get
back to a fitness level that | was before. The SICD is painful, as
the nerves and muscle around it are damaged, and | often knock
it. Thoughts of death, and fear of dying are always in the back of
mind, and | am often scared to fall asleep in case | don't wake up
again. When PTSD struck 18 months after the events, it hit me
like a wave, though subsequent waves have been less severe, and
| recognise the symptoms. | stress about needing to go to the
doctor for anything, as now | have such a complicated history it
makes them worry before they even look at me. Any procedures
would require a lengthy protocol. But my biggest worry in life is
whether | would or should have a second child, and whether

| could cope physically or mentally, if anything went wrong.

n



Introduction to NAP7
perioperative cardiac arrest

Jasmeet Soar Andrew Kane

Perioperative cardiac arrest was the topic chosen for the
Seventh National Audit Project (NAP7) following a call for
proposals and a competitive process. Here we discuss why
perioperative cardiac arrest was chosen for NAP7 and some
background to the project. The NAP7 topic of perioperative
cardiac arrest was chosen in 2018 with a plan to launch the
project in 2020. NAP7 is the most ambitious and largest NAP
so far. The start was delayed by the pandemic and we started in
June 2021. We have worked with the UK anaesthetic community
to study anaesthetic practice and perioperative cardiac arrest
over a one-year period. We have made recommendations with
the aim of improving how we care for our patients our prime
concern. In our recommendations we have also recognised

the importance of caring for our colleagues and ourselves.

Why perioperative cardiac arrest?

With the discovery of general anaesthesia came the issue of
cardiac arrest during anaesthesia. In 1848, Hannah Greener,

a 15-year-old girl from Newcastle-Upon-Tyne having her
toenail removed under chloroform anaesthesia was the first
patient reported to have a cardiac arrest and die during general
anaesthesia (Knight 2002). It was a frequent occurrence in the
early days of anaesthesia and in 1897, Hill wrote, ‘in a certain
institution in Great Britain, in the course of a recent year, there
were out of some three or four thousand administrations no
fewer than twelve fatalities’ (Hill 1897), a mortality rate of at
least Tin 250 cases. The belief at that time was that any death
during anaesthesia was avoidable. In 1946, Human wrote about
perioperative cardiac arrest (Human 1946):

Richard Armstrong

Some phenomena in anaesthesia occur so rarely that no single
anaesthetist is ever likely to encounter any one of them more
than four or five times, and one hesitates to publish conclusions
drawn from so small a record. However, if all such observations
are published by all anaesthetists it will in time be possible to form
a correct assessment of the value of any sign, however rare its
occurrence.

Emira Kursumovic Tim Cook

Seventy-five years later, in 2021, NAP7 set out to achieve this
collaboration of anaesthetists for perioperative cardiac arrest.

The NAPs examine complications associated with anaesthesia
that are rare, important to patients and anaesthetists, difficult
to study by other methods and incompletely understood (Cook
2016; Figure 2.1). Although uncommon, perioperative cardiac
arrest is a less specific topic than those of previous NAPs and
has generated a larger number of cases. Driven by patient-
reported anxieties of undergoing anaesthesia, NAP5 addressed
the risks of waking up during anaesthesia (Pandit 2014). Not
waking up after anaesthesia is another strong fear of anaesthesia
reported by 65% of patients (Mavridou 2013) and up to 76%

of those undergoing major surgery (Burkle 2014). Over 90%

of anaesthetists sampled in a recent survey thought that it was
an important topic for them to understand and for patient care
(Association of Anaesthetists 2019a).

Billing data from the United States give an estimated
intraoperative cardiac arrest rate of 5.7 per 10,000 anaesthetics,
with a 35.7% in-hospital mortality rate compared with 1.3% for
patients who do not arrest (Fielding-Singh 2020). Other sources
suggest that it may be as low as 2.1 per 10,000 (Hur 2017) or

up to 13 per 10,000 (Sebbag 2013). Variability may be due to
case mix and complexity, reporting and/or coding methods,
historic databases and health care setting. For instance, cardiac,
transplant and vascular surgery patients have high relative risks,
as do the elderly, patients with significant cardiorespiratory
comorbidities and patients undergoing emergency surgery
(Fielding-Singh 2020).

NAP7 fills a gap in the reporting of cardiac arrests that currently
exists: UK systems exist for reporting out-of-hospital cardiac
arrests (Perkins 2015) and for in-hospital cardiac arrests attended
by the resuscitation team following an emergency cardiac arrest
call [eg 2222 in the UK). Cardiac arrests in the operating theatre
are commonly missed as, generally, no emergency call is made
for a resuscitation team (Harrison 2014). NAP7 has investigated
cardiac arrests occurring up to 24 hours post-procedure. Data
on cardiac arrests occurring following anaesthesia are limited,
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Figure 2.1 Previous NAPs
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but this represents an important group of patients to study. It is
clearly possible that intraoperative anaesthesia care could impact
the risk of cardiac arrest in the immediate postoperative phase.

The optimal treatment of perioperative cardiac arrest is uncertain.
In the UK, the Association of Anaesthetists’ Quick Reference
Handbook provides sensible immediate steps (Association of
Anaesthetists 2019b) and directs readers to follow Resuscitation
Council UK and European Resuscitation Council Guidelines.
These guidelines are generic for all cardiac arrests and not
specific to the perioperative setting. The "4Hs and 4Ts'
framework to identify and treat potentially reversible causes

has some limitations during anaesthesia and surgery. As one
example, thrombosis, which in most settings is likely to include
pulmonary embolism, during surgery may need to include bone
cement implantation syndrome, gas embolism and amniotic
fluid embolism. More recent European and North American
guidelines based on expert consensus have begun to address
intraoperative cardiac arrest treatment (Lott 2021).

The scope of NAP7

NAP7 defined perioperative cardiac arrest as ‘chest
compressions and/or defibrillation in a patient having a
procedure under the care of an anaesthetist’, in line with other
cardiac arrest audits (Nolan 2014). The definition used by NAP7
accepted that some patients not in cardiac arrest as traditionally
thought are included (eg severe refractory hypotension where
chest compressions are started ; Harper 2019). At the other

end of the spectrum, a patient in whom a decision had been
made not to start cardiopulmonary resuscitation could have

a frue cardiac arrest but would not be reported as no chest
compressions or defibrillation occurred. We used standardised
international consensus definitions for studying the cardiac arrest
process (Nolan 2019).

NAP7 had three parts, the Baseline Survey, the Activity Survey
and case reporting (Figure 2.2), with the case reporting period
launching on 16 June 2021 for one year.

After discussion with stakeholders, for NAP7, the perioperative
period was defined as the start of anaesthetic intervention until
24 hours after surgery was complete. Again, while the focus was
on events occurring in the operating theatre, it was important,
as we learnt from NAP4, to capture events associated with
anaesthesia interventions taking place elsewhere. Although
capturing this activity was challenging, NAP7 provided a unique
opportunity to learn lessons from anaesthetic practice beyond
the theatre setting and in the period following anaesthesia. The
launch poster for anaesthetic departments covered the key issues
(Figure 2.3).

One of the strengths of the NAPs is the confidential reporting
system. All reporting to NAP7 was confidential, such that the
project team could not identify who or which hospital reported
a specific case for the Activity Survey or the individual case
reports. Individual case data were also anonymised.

With ever-increasing attention on patient and clinician wellness,
NAP7 has provided an opportunity to assess how the high-stress
situation of perioperative cardiac arrest impacted patients and
clinicians both in the workplace and at home.

NAP7 was the first undertaken in the COVID-19 and post-
COVID-19 periods, and the pandemic delayed the project launch
by over a year and created additional challenges for everyone
involved in the project. NAP7 was able to examine and report the
impact of COVID-19 on anaesthetic and critical care activity and
provide new learning that went beyond the original scope of the
project.

Thank you to the Anaesthesia UK
community

NAPs are challenging projects that require a huge amount of
collaboration - they are even more challenging when there has
been a pandemic during the project. It is therefore of huge credit
to Anaesthesia UK that the largest and most ambitious NAP to
date has been delivered. We thank all the individual anaesthetists
and anaesthesia associates who took part in the Activity Survey
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Figure 2.2 Three parts of NAP7
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and who have shared their personal experiences of perioperative
cardiac arrest. We thank all the Local Coordinators and their
helpers and anaesthetic departments that took part in NAP7.

We hope that NAP7 will support changes in practice
concerning perioperative cardiac arrest. The NAP7 report
makes recommendations aimed to improve how we care for
our patients, colleagues, and ourselves — now it is time to make
these happen.
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The patient, public and lay perspective

Jenny Dorey Balwant Patel

“Ultimately it’s the patient who takes the risk.”

A comment made by a member of the NAP7 panel puts this whole
project in context and Emma’s lived experience (Chapter 1 Patient
experience] explains how it feels to be that person taking the risk.

The patient, public and lay
perspective

Perioperative cardiac arrest is a scary time for everyone involved.
Clinicians may only rarely be involved in a perioperative cardiac
arrest, if ever, and it can be a very traumatic experience.
Although central to the event, the patient themselves may well
be unaware or have little or no recollection of experiencing a
perioperative cardiac arrest.

We have valued the opportunity to provide lay input to NAP7.
Our role is to listen, question, comment and continually remind
‘the experts’ that the patient and their family are central to

the improvements that NAP7 is aiming to make. We may not
understand all the technical details but we are in the ideal
position to see ‘the big picture’ and ‘ask the dumb questions’, so
contributing to an improved outcome.

Patient expectations prior to surgery

We know that 65% of patients have a fear of 'not waking up’

and have lots of questions for the anaesthetist (Mavridou 2013).
Patients preparing for a planned operation will have many
concerns, alongside the continuing challenges of living with their
condition. Most immediate may be:

How long is the waiting list¢

Will the operation work?

Could my operation be cancelled or delayed?

Will | be in pain when | wake up?

How long till | can go home?

When can my family visite

and many more.

Patients who have emergency surgery will have similar concerns,
although some may be more immediately experienced by friends
and families.

Furthermore, everyone involved — patients and their families,
anaesthetists, surgeons, other healthcare professionals and
indeed the general public - all have a right to expect a
robust organisational and governance structure, alongside an
appropriate culture, which will maximise the likelihood of a
successful outcome.

Patients and their families expect that the clinical staff looking
after them will work as a cohesive team, be sufficient in number,
training and experience and, when appropriate, be suitably
supported and supervised by more senior colleagues. It is
important to patients and their families that members of the
clinical team feel valued, supported and able to achieve a good
work-life balance.

Patients and their families will expect to receive a consistent high
level of care, experience and outcome, whenever and wherever
their operation happens, including time of day, day of the week,
NHS or independent sector, north, south, east or west, integrated
or standalone units. We welcome the recent publication of
updated National Safety Standards for Invasive Procedures as a
valuable resource in achieving this aim (Centre for Perioperative
Care 2023).

The bigger context — shared decision
making about opting for surgery
or not

It is a given that all the patients in NAP7 have had or intended
to have a procedure while being cared for by an anaesthetist.
However, for patients and their families, the initial decision
whether or not to go ahead with the procedure is fundamental,
although outside the scope of NAP7. In making this decision,
patients need information both about the risks related to the
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procedure and anaesthetic, but also, and very importantly,
patients need to understand what is likely to happen if they
decide not to have the procedure:

m  The likely progress of their disease or condition

m  Their future quality and quantity of life, especially pain and
which activities they will still be able to do

B The eventual outcome and, for those patients with life
threatening conditions, the nature of their end of life.

Our hope and expectation is that the decision whether or not to
go ahead with any treatment will be given increased attention as
a key aspect of holistic patient care, alongside the improvements
we anticipate from NAP7.

Lay members’ experience of NAP7

As full members of the NAP7 steering group and panel during
case reviews, we have been involved in almost all of the group
meetings and review panels looking at individual case reports
of perioperative arrests over a 12-month period (Chapter 6
Methods).

Our experience has been of a rigorous and comprehensive
evaluation. Strong points included the number and variety of
panel members: anaesthetists, anaesthesia associates, surgeons,
trainee anaesthetists and fellows and lay representatives. Al
areas of clinical and research expertise were represented,

from paediatrics through to frail elderly patients, and a

wide range of specialties, including, cardiac, intensive care,
neurology, obstetrics, vascular, and many more. There was
good geographical representation and several members had
experience of previous NAPs.

The COVID-19 pandemic delayed the start of data collection
for 12 months; however, the opportunity was taken to formally
track and document the impact of COVID-19 on anaesthesia
(Chapter 7 COVID-19). NAP7 was digitalised and although this
was a big challenge, we are confident that the benefits of this
process will be carried through to future NAPs. All submissions

were completed and submitted online and the majority of project

team meetings were held online, saving time and costs and
enabling good debate of case reports. All documents were held
on Microsoft SharePoint®, ensuring good governance once we
all became comfortable with using the software.

Learning from NAP7

The specialty chapters of this report describe in detail the clinical
findings and recommendations from NAP7. Below are our
observations from participating and listening as lay members,

including what we see as essential for safe and effective practice,

issues of potential concern and our recommendations for further
action.

Lack of information from the independent
sector

We are disappointed that only limited input was received from
the independent sector. This means that NAP7 is unable to
make meaningful comparisons between patient experience and
outcomes in NHS and independent hospitals. However, patients
and their families considering surgery should be made aware of
these observations as they are equally applicable to both NHS
and independent healthcare settings.

What is necessary for safe and effective
patient care?
B A strong governance and organisational structure.

B A culture of caring, communication, learning and
accountability.

m  Sufficient and well-trained staff of the appropriate skill mix,
who feel valued and supported.

B Timely shared decision making, involving patient/carers,
surgeon and anaesthetist.

B An effective and well communicated plan for what to do
when things go wrong: always remembering that it is the
patient who takes the biggest risk and it is they and their
family whose lives will change for ever if there is a poor or
catastrophic outcome.

Potential risks to be considered in advance
of surgery
B Lone anaesthetists — for whatever reason.

B Isolated units, geographical or time wise, where support is
not immediately available.

B Potential reduced services overnight, at weekends and bank
holidays.

B Adequate medical provisions in case things go against you
(eg appropriate blood availability).

m  Patient transfer from anaesthetic room to theatre, to
recovery and between units.

B NHS patients receiving care in the independent sector.

B Patients who are frail or elderly and those with special needs.
Recommendations for further study

B Involvement of orthogeriatricians.

B ‘Do not attempt cardiopulmonary resuscitation’
recommendations - discussion prior to surgery, including
suspension if appropriate.

B Communication between surgeons and anaesthetists.

B Choice of hospital in light of individual patient risk
assessment.

B Empowering patients and all the clinical team to challenge
‘the medical line’ when necessary.

B Issues related to hospitals spread over more than one site.
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Transferability of NHS data to private and independent
hospitals and between NHS organisations.

Decision making between local and general anaesthesia and
patient involvement, including the decision whether or not to
go ahead with a procedure.

When guidance is not followed and why (eg monitoring,
Anaesthesia Clinical Services Accreditation standards, risk
assessment, cost pressures, finishing the list, delaying surgery
and taking short cuts).

Workforce plan.

Our biggest concerns

Effective clinical transfer of patients between departments
and hospitals. We have heard of three cases where the
transfer notes were not referenced or read by the receiving
department.

Ensuring that clinicians communicate effectively and patients
understand the level of risk, including referring patients to
RCoA guidance which explains risk in layman’s language.

To reiterate, ultimately, the patient is taking all the risk and
should be provided with all the necessary data and time to
properly consent.

The patient’s family must always be a priority and kept well
informed and supported, particularly when things go wrong.

m  All aspects of workforce planning and implementation. Ensuring patients and families are empowered to challenge
m  Getting preassessment right to avoid delays and the ‘medical line’ when necessary.
complications later — at the right time for the right patients
and with an enquiring and inclusive approach.
B Standards and recommendations should apply equally to the
independent sector, although the sector has not contributed
sufficiently to this report, which is a real concern to us.
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NAP7 headlines and summary of key findings

Jasmeet Soar Andrew Kane

Tim Cook

Headlines

1.

In the last decade, the population of patients cared for

by anaesthetists has increased in age (approximately

2.3 years), comorbidity (the proportion of healthy ASA

1 patients has fallen from 37% to 24%) and in both the
prevalence of obesity (overweight or obese patients rising
from 49% to 59%) and its extent (a 7.2% increase in severe
obesity). These changes significantly increase the risks for
patients of undergoing anaesthesia, and impact anaesthesia
workload across the entire perioperative pathway.

Our survey of overall anaesthetic activity included more
than 24,000 patients’ care and identified potentially
serious complications in 1in 18 anaesthetics. Around
one-third of these were cardiovascular in nature, and a
quarter were related to the airway. Complications occurred
disproportionately in urgent or emergency surgery in high-
risk settings. Complications were more common in the
very young and older patients. Complications were also
associated with patient comorbidity [ASA grade), male sex,
increased frailty, the urgency, duration and complexity of
surgery, and out-of-hours procedures. The vast majority of
complications were managed effectively by the anaesthesia
team.

Our registry included 881 reports of perioperative cardiac
arrest with an overall incidence of approximately 1in 3,000
anaesthetics.

Richard Armstrong

Emira Kursumovic

Three-quarters of patients survived the initial event, and
60% were alive when the case was reported to NAP7, with
44% having been discharged from hospital. These survival
rates are notably higher than other in-hospital cardiac
arrests — 49.5% surviving the event and 23% leaving the
hospital alive. Of those surviving to hospital discharge,
88% had a favourable functional outcome.

The most common causes of perioperative cardiac arrest
were major haemorrhage (17%), bradyarrhythmia (9.4%) and
cardiac ischaemia (7.3%) but varied by surgical specialty.
Anaphylaxis was likely overestimated as a cause of cardiac
arrest in our survey of anaesthetists and in reported cases,
with many of these cases judged by the NAP7 panel to
have other causes.

The initial rhythm during perioperative cardiac arrest was
non-shockable in 82%, and only 17% required defibrillation.
Bradycardic cardiac arrest had the highest rate of
successful resuscitation and survival to hospital discharge
at the time of reporting to NAP7 (86% and 60%), and
pulseless electrical activity the lowest (68% and 34%).

Patient factors were a key cause in 82% of cases of
perioperative cardiac arrest, anaesthesia in 40% and
surgery in 35%. In 31% of fatalities, death was judged to be
due to an inexorable process.

Cardiac arrest was usually well managed. A senior
anaesthetist was present at induction of 97% of cases
reported to NAP7, including a consultant present at
induction in 86% and at the time of cardiac arrest in 73%.
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10.

1.

12.

13.

14.

Resuscitation was prompt, and help was called for and
attended rapidly. Adrenaline was administered in 79%

of cases, and other drugs in 38%. Relative overdosing

of adrenaline occurred in a small number of cases when
lower doses might have been used, and in a small number
of cases caused complications. No complications of low-
dose intravenous adrenaline were seen during anaphylaxis
treatment. Calcium (13% of cases) and bicarbonate (7.2%)
were administered frequently and sometimes without clear
indication, notably in children and postoperatively in critical
care.

Perioperative cardiac arrest was more common in older-
frailer patients (1in 5 cardiac arrests with an incidence
of 1in 1,200), and in high-risk and urgent or emergency
surgery.

Patient groups with better than average outcomes

included children (but not those awaiting transfer to a
tertiary centre), cardiac surgery patients and cardiac arrest
due to suspected anaphylaxis or airway complications.
Poorer outcomes occurred in vascular surgery, cardiology,
radiology, in frailer and older patients, in cases due to
major haemorrhage, in obese patients with a body mass
index (BMI) > 40 kg m, and in critically ill children awaiting
transfer to tertiary care.

Perioperative cardiac arrest or death in low-risk patients
was very rare. Among patients without significant
comorbidity (ASA 1-2) peri-operative cardiac arrest
occurred in around 1in 8,000 cases and fewer than 1in
100,000 died.

The highest prevalence specialties for perioperative cardiac
arrest were orthopaedic trauma, lower gastrointestinal,
cardiac, vascular surgery and interventional cardiology.

The most overrepresented were cardiac surgery,
cardiology, vascular and general surgery, with obstetrics
underrepresented.

Despite many of the patients reported to NAP7 being

very high risk patients, only 6.1% had a do-not attempt
cardiopulmonary resuscitation [DNACPR|) recommendation
made preoperatively. DNACPR recommendations were
documented in only 24% of cases with documented frailty,
with 15% having treatment limitations. Most DNACPR
recommendations were not suspended during surgery, and
1in 5 of those with a8 DNACPR recommendation who had a
cardiac arrest and CPR survived to leave hospital.

There were six cases of unrecognised oesophageal
intubation in NAP7. Conversely rates of emergency front
of neck airway and pulmonary aspiration appeared notably
lower than in previous large studies, including NAPA4.

15. While care was judged good far more often than poor

(76% vs 4.7% of assessments), there are opportunities for
improvement, especially in the prevention of cardiac arrest,
with elements of poor care before cardiac arrest identified
in 32% of cases.

a. 71% of adult perioperative cardiac arrest cases did not
have evidence of pre-operative risk scoring and NAP7
demonstrated that risk tools used to predict short term
mortality (eg SORT) have good utility for stratifying
risk of perioperative cardiac arrest.

b. While supervision of trainees by senior anaesthetists
was almost universal, access to senior support was
occasionally judged inadequate when anaesthesia was
delivered in isolated locations.

c.  National guidelines for monitoring during anaesthesia
were not followed in a significant number of cases.
This reduces the opportunity to recognise early
deterioration. Monitoring was notably deficient during
transfer of patients to recovery areas and NAP7
included cases where this contributed to cardiac
arrest.

d.  Drug choice and/or dosing was judged to
have contributed to a substantial proportion of
perioperative cardiac arrests. This occurred more
commonly in patients who were older and frailer, with
higher ASA grade or acute illness and perhaps with
propofol and remifentanil based total intravenous
anaesthesia (TIVA). Lower doses, slower induction, use
of vasopressors and sometimes different drug choices
may have prevented some cardiac arrests.

e. Insome patients who were anaesthetised in the
anaesthetic room the review panel judged anaesthesia
in theatre would have been safer. Also, in cases in
which the anaesthetic room was used for induction
and cardiac arrest occurred before surgery started, the
panel judged anaesthesia to be a key cause of cardiac
arrest more commonly and care before cardiac arrest
to be poor more often and good less often than in
other cases.

16. NAP7 did not receive sufficient engagement and responses

from the independent sector (which in addition to
externally funded care, provides around one in six NHS-
funded perioperative care episodes, a proportion which
is increasing) and as such has insufficient data to enable us
to determine whether perioperative care in that setting is
more, equally or less safe than in the NHS. This is @ matter
of concern.
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17. Training of anaesthetists and provision of equipment for
managing perioperative cardiac arrest is generally well
implemented in NHS hospitals but is incomplete. It is
notably less complete for anaesthesia care in children and
for anaesthesia delivered in remote locations.

18. Among the over 10,000 anaesthetists responding to our
national survey, almost half had been involved in managing
at least one perioperative cardiac arrest in the previous two
years (7% a child and 4% a pregnant woman) and 85% over
the course of their career. Anaesthetists were confident
in managing these events but less so in managing the
aftermath or communicating with next of kin.

19. There is a potential for unrecognised impact on the staff
involved in the management of perioperative cardiac
arrest, which may influence future staff wellbeing and
patient care. Among around 5,000 anaesthetists who
had attended a recent perioperative cardiac arrest 4.5%
reported that this had had an impact on their subsequent
ability to deliver patient care. This was more common
when the cardiac arrest involved a child, an obstetric
patient or an unexpected death. In the case registry 3.4%
of anaesthetists reported the same and 5.2% declined to
answer this question. Formal psychological support for
staff after managing cardiac arrests was uncommonly
available or accessed. Anaesthetists reported that recent
involvement in management of perioperative cardiac
arrests most commonly led to negative psychological
impacts, while career involvement led most often to
positive professional impacts (in one in three anaesthetists)
and negative impacts on professional life (in one in four
anaesthetists).

20. Comparing these data to previous NAPs — specifically
NAP4 which reported on airway complications and NAPé
on anaphylaxis — suggests improvements in the quality
of care and patient outcomes over the last decade,
despite the increasing challenges of the modern patient
population.

Summary of key findings

NAP7 covers a very wide range of anaesthetic practice and
complications. These are described in detail in the individual
chapters. In this regard NAP7 is perhaps more wide-ranging than
previous NAPs. We have summarised some of the key findings
below.

The surgical population - specifically the approximately 3
million patients receiving anaesthesia each year - has over the
last decade, become older, more obese and more comorbid.
The average age of patients has risen 2.3 years, the proportion of
patients who are fit and well (ASA 1) has fallen from 37% to 24%
and those with more severe comorbidity [ASA 3 or 4] risen from
21% to 29% and the average BMI has risen from 24.9 kg m? to

26.7 kg m? with 69% of patients now overweight or obese. The
population now undergoing anaesthesia is at notably higher risk
of complications than it was a decade ago.

Potentially serious complications occur during anaesthesia

in 1in 18 cases (6%). Circulatory events accounted for most
complications (36%), followed by airway (24%), metabolic (15%),
breathing (15%), ‘other’ (6%) and neurological (2%) events. Most
complications reported occurred in high-risk settings such as
urgent and immediate priority surgery. Complications were
associated with very young or older age, higher ASA, male sex,
increased frailty, the urgency and extent of surgery.

Approximately half of the more than 10,000 anaesthetists
responding to the Baseline Survey had been involved in
managing at least one cardiac arrest in the previous two years
(7% a child and 4% an obstetric patient) and 85% in their career.

NAP7 included 881 reports of perioperative cardiac arrest,

an estimated incidence of Tin 3,000 anaesthetics. Of the 881
reports, 88% were in adults (3% obstetric) and 12% children,
56% were male, median age was 60.5 years; 74% were ASA
3-5 and 60% were having major or complex surgery. There was
a bimodal age distribution with overrepresentation of infants
and adults aged over 65 years. Cardiac arrests were associated
with increased age, comorbidity, frailty, male sex, urgent and
emergency surgery, weekends and out of hours. Patient factors
were a key cause in 82% of cases, anaesthesia in 40% and
surgery in 35%.

Highest prevalence specialties were orthopaedic trauma, lower
gastrointestinal, cardiac, vascular surgery and interventional
cardiology. The most overrepresented were cardiac surgery,
cardiology, vascular and general surgery, with obstetrics
underrepresented. During elective surgery the commonest
non-cardiac specialties were gynaecology, urology and
orthopaedics, and during non-elective cases orthopaedic
trauma, lower gastrointestinal and vascular surgery. Bleeding,
emergency laparotomy and ruptured abdominal aortic aneurysm
were all important causes of cardiac arrest. Cause of cardiac
arrest varied notably with surgical specialty. For cardiac-related
specialties the commonest cause was cardiac ischaemia, for
upper and lower gastrointestinal surgery it was septic shock,

for ENT it was hypoxaemia and for pelvic specialties it was
bradyarrhythmia. These data highlight the specialty-specific
nature of major complications that lead to cardiac arrest - likely
a complex interaction of patient, surgical and anaesthetic factors.
Haemorrhage, despite being the commonest cause only in
vascular surgery, was the commonest cause across all specialties,
most likely as it ranked highly as a cause in most specialties.

While most perioperative cardiac arrests occurred in theatres

in hours, 26% were before surgery started, 17% occurred after
leaving recovery, 12% occurred in critical care, and 38% were out
of hours.
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Risk analysis of the Activity Survey and perioperative cardiac
arrest cases reported to NAP7 showed:

a. Objective estimates of 30 day mortality strongly predict risk
of cardiac arrest. Compared with lowest risk (< 1% predicted
risk of early mortality), patients with predicted low (1-5%),
high (5-10%) and very high (> 10%) risk had a relative
risk of perioperative cardiac arrest of 5.2, 13.3 and 40.9,
respectively.

b. Risk of perioperative cardiac arrest rises with increasing risk
using the Surgical Outcome Risk Tool (SORT):

SORT risk <1%, risk of cardiac arrest 1in 7,000
SORT risk 5-10%, risk of cardiac arrest 1in 1,300
SORT risk >10%, risk of cardiac arrest 1in 170.

c.  ASA-physical status was under-scored in both the Activity
Survey and case reviews.

d.  71% of adult perioperative cardiac arrest cases lacked pre-
operative risk scoring. This was particularly prevalent in
highly frail patients.

e. Gaps were highlighted in the preoperative assessment
of high-risk patients, regarding choice of face-to-face
or remote assessment, and nurse- or anaesthetist-led
assessment.

The senior anaesthetist at induction was a consultant in 86%
of all cases, including 75% at night. A senior anaesthetist was
present at the time of cardiac arrest in 73% cases, with further
anaesthetists called in 63% and usually arriving within T minute.

In the Baseline Survey, anaesthetists estimated the three

most common causes of perioperative cardiac arrest to be
hypovolaemia, hypoxaemia and cardiac ischaemia or failure, with
haemorrhage fifth. Conversely the commonest causes of the

cardiac arrest most recently attended by respondents were major

haemorrhage (20%), anaphylaxis (10%) and cardiac ischaemia
(9%). In cases reported to NAP7 the most common causes were
major haemorrhage (17%), bradyarrhythmia (9.4%]) and cardiac
ischaemia (7.3%) varying by surgical specialty. Anaphylaxis was
the seventh (4%) leading cause.

Pulseless electrical activity (PEA) was the most common initial
cardiac arrest rhythm and 82% of cases presented with a non-
shockable rhythm. Adrenaline was used in 79% of reported cases
and other drugs in 38%.

Most (65%) cases of PEA or severe bradycardia received an
initial 1 mg dose of adrenaline. Several complications of high-
dose adrenaline were seen when a smaller dose might have
been effective. Underdosing of adrenaline was seen only rarely.
There were several cases of significant delay in administration
of adrenaline. Calcium use was documented in 13% of NAP7
cases and bicarbonate use in 7.2% (particularly in children and
in intensive care units) with much of this use without a clear
indication. Resuscitation started within 1 minute in 78% of

cases. Despite anaesthetists generally indicating they would
start resuscitation in comorbid patients when blood pressure

fell below 50mmHg, delay in starting chest compressions when
blood pressure was very low or even unrecordable was relatively
common. Most resuscitation attempts (67%) lasted for less than
10 minutes and 3.7% for more than 1 hour.

Severe bradycardia (<30/min) was reported in 1in 450 cases
in the Activity Survey. Progression to bradycardic cardiac arrest
was rare (= 1in 50,000). Laparoscopy for gynaecology was
high risk for bradycardia (1in 180 cases) with bradyarrhythmias
requiring chest compressions occurring in 1in 4,500 cases,

all of whom survived. Bradyarrhythmia was also 8 common
form of cardiac arrest in NAP7 cases: 74% survived to hospital
discharge compared with 37% for all other reported cases.
Tachyarrhythmias (new-onset atrial fibrillation (AF), rapid AF,
ventricular tachycardia or supraventricular tachycardia) were
approximately three-fold less common (1in 550 cases) than
bradyarrhythmias, with cardiac arrest occurring in 1in 50,000 cases.

Most patients (75%) who have a perioperative cardiac arrest
survive the initial resuscitation and achieve a sustained return
of spontaneous circulation (ROSC). At the time of reporting to
NAP7 60% of patients were alive and 44% had survived and
been discharged from hospital. Most (88%] of those surviving to
hospital discharge had a favourable functional outcome.

In the Activity Survey 2.9% of patients had a ‘do not attempt
cardiopulmonary resuscitation” (DNACPR) recommendation
and this was suspended during anaesthesia in fewer than one-
third of cases. Among cases reported to NAP7 6.1% of cases had
a DNACPR recommendation. Of these, 70% were frail and the
recommendations were formally suspended in just under half of
cases.

In panel judgements of quality of care, this was rated good in
53%, good and poor in 28%, poor in 2% and unclear in 17%.
Elements of poor care before the cardiac arrest were identified in
32% of cases but care after cardiac arrest was rated good in 80%
of cases. Thirty one percent of deaths were judged to be the
result of an inexorable process.

In the independent sector, despite considerable effort, the
project did not receive the engagement or data that it received
from the NHS, likely receiving around 10% of desired data.
This precluded some analysis. Compared with the NHS, the
independent sector caseload is less comorbid, with fewer
patients at the extremes of age severely obese or frail. Much
activity is elective orthopaedic surgery, undertaken during
weekday working hours. Cases reported from the independent
sector (eg following haemorrhage, anaphylaxis, cardiac
arrhythmia and pulmonary embolus) clearly illustrate that life-
threatening emergencies can and do occur there. Outcomes
were similar to the NHS, though given the case mix better
outcomes might be anticipated. Reported care was variable and
overall quality of perioperative cardiac arrest care was assessed
as good less often than in NHS cases, but many assessments
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were uncertain reflecting poor quality reports. Overall NAP7 has
not received sufficient data returns from the independent sector
to enable us to determine whether perioperative care in that
setting is more, equally or less safe than in the NHS.

Drug choice and/or dosing was judged to have contributed
to a substantial proportion of perioperative cardiac arrest
cases, especially in patients who were elderly and/or frail, with
higher ASA grades or acute illness. Use of vasopressors around
induction may have prevented some arrests. Excessive or oo
rapid dosing at induction (including during TIVA with propofol
and/or remifentanil, and during intrathecal anaesthesia) was
judged to have contributed to several cases of cardiac arrest.

Older and frailer patients were prominent throughout NAP7.
Older patients (> 65, > 75 and > 85 years) accounted for 27%,
13% and 3.1% of Activity Survey caseload, respectively and 26%
of patients over 65 years were reported to be frail (ie clinical
frailty scale (CFS) score 25). Increasing age and frailty were both
associated with more comorbidities, undergoing more urgent

or emergency surgery, an increased proportion of complex or
major surgery and more complications (8.5% in frail patents

vs 5.2% in non-frail). Although monitoring intensity generally
increased as frailty increased this was not sustained in the
severely frail (CFS 7 and 8). Older-frailer patients (265 years and
CFS 25) accounted for 1in 5 adult reports to NAP7. Incidence
of cardiac arrest was around 1in 1,200 and of death 1in 2,000
(or 4.8 per 10,000). Incidences in all patients over 85 years and
all patients with CFS 7-8 were very similar to these. Hip fracture,
emergency laparotomy and emergency vascular surgery were
the most common surgical specialties. Cardiac arrest rhythm
was non-shockable in 92% of cases. Mortality was higher than
in non older-frailer patients (at cardiac arrest 35% vs 21% and at
the time of reporting 60% vs 35%), though only 19% were judged
due to an inexorable process. DNACPR recommendations were
documented in 24% of cases, with most not suspended during
surgery. Care before cardiac arrest was judged poor or good
and poor in the majority of cases, and generally good during and
after the arrest.

Vascular surgery was a high impact specialty in NAP7
accounting for 1.7% of Activity Survey caseload and 7.8% of
cases reported to NAP7 (four-fold overrepresented) with an
incidence of perioperative cardiac arrest of 1in 670. Outcomes
in the vascular population were also notably poor: 70% had
died at the time of NAP7 reporting with 16% still admitted.

The vascular surgical population is high risk (43% ASA 4, 28%
ASA 5, 80% older than 65 years, with 82% of vascular surgery
cardiac arrests occurring during non-elective surgery). The most
common procedures in vascular cases were aortic surgery (55%),
lower-limb revascularisation (19%) and lower-limb amputation
(12%). The highest risk and poorest outcomes occurred in
emergency surgery for ruptured abdominal aortic aneurysm,
where the incidence of perioperative cardiac arrest was around
5% (6.6% for open repair and 2.4% in endovascular repair). The

most common cause of cardiac arrest was major haemorrhage
(40%) but with multiple other causes reflecting the critical illness
of the patients and the complexity of surgery.

About 40% of arrests occurred during surgery, but many also at
or soon after induction. In some cases, surgery was judged futile
and inappropriate. Patient factors were a key cause in 88% of
cases, followed by anaesthesia (33%) and surgical factors (30%).
Care before cardiac arrest was judged good in 46% of cases and
during and after cardiac arrest in around 80%.

Major haemorrhage occurred in 1% of all Activity Survey cases
and was the primary or major contributory cause of cardiac
arrest in 19% of NAP7 cases, being notably overrepresented.

The incidence of cardiac arrest from major haemorrhage was
0.62 per 10,000. It was a major cause in 10% of cardiac arrests

in elective cases and 22% in non-elective cases. Mortality was
relatively high: 35% did not achieve ROSC (vs 21% in other
cardiac arrests) and 56% died before reporting to NAP7 (vs 36%).
In 52% of these cases this was judged the result of an inexorable
process. Cardiac arrest from major haemorrhage occurred

most commonly in adults (92%) and during immediate urgency
surgery (57% compared with 19% among all NAP7 cases) but 17%
of cases involved elective surgery. The commonest specialties
were vascular surgery (27% of major haemorrhage cases) and
gastroenterology/gastrointestinal surgery (22%] with relatively
few (8.4% of major haemorrhage cases, 1.6% of all NAP7 cases)
associated with major trauma. Seven percent of cardiac arrests
from major haemorrhage occurred during minor procedures,
mostly endoscopy. Patient factors were a key cause in 84% of
cases, surgery and anaesthesia in 16%. The cardiac arrest rhythm
was non-shockable in 85% of cases. Care was judged to be good
in 84% of cases during and after cardiac arrest, but in only 53%
before cardiac arrest.

Airway management remains a prominent cause of cardiac
arrest, accounting for 1in 7 cases and 9.2% of deaths reported
to NAP7. In the Activity Survey airway complications were the
second most frequent complication (incidence 1.7%, 22% of all
complications) with laryngospasm (38%) and airway failure (30%)
prominent, while breathing complications were fourth (11% of
cases, 14% of all complications). High risk patient groups were
infants and critically ill children, the obese, patients undergoing
head and neck surgery and those cared for out of hours. The
Activity Survey showed that compared to NAP4, there were
slightly increased rates of tracheal intubation, notably more use
of second generation supraglottic airways, reduced rates of
pulmonary aspiration and of cannot intubate, cannot oxygenate
(CICO)/emergency front of neck airway (eFONA) (Activity
Survey 1in 8,370, 6 cases in reports to NAP7). There were six
cases of unrecognised oesophageal intubation reported to
NAP7. Cautiously, the data, while distinct from NAP4, suggest
that airway management is likely to have become safer in the last
decade, despite the surgical population having become more
anaesthetically challenging.
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In the Baseline and Activity Surveys there was evidence of

less preparedness for paediatric cardiac arrest than for adults.
Availability of paediatric advanced airway equipment and
defibrillators was lower than for adult practice and training in
paediatric advanced life support (ALS) was lower than in adult
ALS. Of the 165 hospitals caring for children, 87% do not have

a paediatric intensive care unit (PICU) on site and so require
systems in place to stabilise critically ill children before retrieval to
a specialist children’s hospital. Paediatric anaesthesia accounted
for 14% of anaesthesia caseload and 12% of all submitted reports,
cardiac arrest being most common in neonates (1 in 200), infants
(Tin 500) and children with congenital heart disease. Frequent
precipitants included severe hypoxaemia, bradycardia and major
haemorrhage (all settings) and cardiac tamponade and isolated
severe hypotension in cardiac settings. Outcomes were better
than adults with initial ROSC 83% vs 74%, and survival at the
time of reporting to NAP7 (74% vs 60%). Supervision of trainees
by senior anaesthetists was almost universal but access to senior
support was occasionally judged inadequate when anaesthesia
was delivered in isolated locations. There were cases in which
risk was so high that the presence of two consultants would
likely represent best practice. A debrief followed paediatric
cardiac arrest twice as often when the child died (78%) as

when they survived (35%). In several cases of unwell children
who had a cardiac arrest inappropriate choices and doses of
drug for intravenous induction and high concentrations of
volatile anaesthetic for induction or maintenance precipitated
severe hypotension and cardiac arrest. Other themes included
bradycardia during airway manipulation, tracheal tube
displacement in the intensive care and delayed recognition of
deterioration including due to inadequate monitoring such as
the lack of invasive arterial monitoring in cardiac catheterisation
cases.

Cardiac arrest in critically ill infants and children requiring
resuscitation and stabilisation by district general hospital
staff before transfer to a regional paediatric intensive care unit
was an uncommon event, occurring every 1in 160 cases, with
13 cases reported to NAP7. Patients in this group were older
than in the general paediatric cohort (eg seven patients were
6-15 years). Stabilisation and anaesthesia was usually out of
hours and was undertaken in multiple hospital locations. Senior
anaesthetists were present for all cases, but most did not have
regular paediatric anaesthetic sessions. Hypoxaemia and airway
complications (often composite) were the most frequent causes
of cardiac arrest. Key contributory factors were the patient

in 75% and anaesthesia in 25%. Mortality was high - 5 of 13
children died. In addition, long-term physical and mental health
impacts on staff involved in cardiac arrest management were
reported.

Anaesthetists likely identify anaphylaxis as a cause of cardiac
arrest more commonly than it occurs and only half of cases
reported to the NAP7 as anaphylaxis were considered to be
so by the review panel. Grade 4 perioperative anaphylaxis was
managed initially with low-dose intravenous adrenaline most

often and this was without complications. Delay in starting chest
compressions when systolic blood pressure was <50 mmHg or
even unrecordable occurred too often. Grade 4 anaphylaxis
occurred with a similar frequency and patterns of presentation,
location, initial rhythm and suspected triggers in NAP7 as in
NAP6. Outcomes in NAP7 were generally better than in NAPé.
There was only one death and 97% survived. Care was judged
good more often in NAP7 than it had been in NAP6, and poor
less often than it had been in NAPé.

Cardiac surgery accounted for 0.9% of anaesthesia caseload
in the Activity Survey. The 50 cardiac arrests (likely to be an
underestimate through underreporting) related to cardiac
surgery, accounted for 5.7% of NAP7 cases and an incidence of
1 per 400 cardiac surgical cases. A high proportion (80%) were
initially successfully resuscitated, and at the time of reporting to
NAP7, 48% were alive and had been discharged, 22% were still
hospitalised and 30% had died. Cardiac surgery cardiac arrests
were twice as likely to be postoperative than other NAP7 cases
(58%). Peaks were seen at weekends/public holidays (4-fold
increase) and between 00:00-03:00 and 15:00-18:00. A
consultant or post-CCT doctor was present at 82% of cardiac
arrests (daytime 88%, overnight 69%). Key causes of cardiac
arrest were patient factors in 92%, surgical factors in 72% and
anaesthesia factors 26%, compared with 82%, 35% and 40%,
respectively, in all NAP7 cases. In 24% postoperative care was
a key cause. Main causes included cardiac ischaemia (21%),
ventricular fibrillation (13%), massive bleeding (12%), tsmponade
(10%) and bradyarrhythmias (7%). ‘Temporary cardiac pacing’
was flagged as a contributing factor. Implementation of Cardiac
Surgery Advanced Life Support (CALS) practices commonly

led to prompt management of tamponade or bleeding through
immediate re-sternotomy, and was highlighted positively by
reporters and reviewers. While only 2% of judgements of quality
of care were rated as poor, nine patients (18%) had some aspect
of their care judged as poor or good and poor. Debriefs were
less common in cardiac arrest reports than in other NAP7 cases,
especially when patients survived.

Approximately one-third of UK hospitals offer 24-hour primary
percutaneous coronary intervention services. Interventional
cardiology and electrophysiology represent 1% of anaesthetic
caseload. Cardiology was ranked fifth in the prevalence of
cardiac arrests, accounting for 6.1%, with almost all occurring

in the catheter laboratory during a procedure. The most
common cause was cardiac ischaemia. Common themes were
cardiogenic shock, transcatheter aortic valve implantation (TAVI),
late involvement of anaesthesia and poor communication.

A consultant or post-CCT doctor was present at the start of
anaesthesia intervention in 68% of cases, fewer than for non-
cardiological procedures (88%). Survival was lower than other
NAP7 cases of the time of the event (61% vs 76%) and at the
time of reporting (48% vs 61%). Rates of adult extracorporeal
cardiopulmonary resuscitation (eCPR) were low: 1.1% of all adult
cases and 17% of cardiology-associated cardiac arrests. Among
23 deaths, 10 were judged part of an inexorable process and 6
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partially so. A quarter of patients were judged to have had poor
or good and poor care, mostly before cardiac arrest, and half of
these patients died.

Obesity created a signal in NAP7 but mostly when BMI
exceeded 40 kg m?. An increase in population BMI over the last
decade means that the median BMI of surgical patients is now
in the overweight category with 59% of patients overweight or
obese. The degree of obesity has increased too. In the Activity
Survey airway, breathing, circulatory and metabolic complications
increased as patient BMI rose, especially in patients with BMI
greater than 50 kg m2. Obesity was not an obvious signal in
cases of perioperative cardiac arrest reported to NAP7, but

this may have been hidden by the fact that average BMI of
surgical patents is not far off 30 kg m-2 and patients with a BMI
> 40 kg m~2 account for a relatively small proportion (4.6%)

of the population meaning numbers are small. Most impact
appeared to be in patents with BMI >40 kg m2 and included
poor preoperative risk assessment and increases in hypoxaemia,
and possibly pulmonary embolus, as causes. Patients with obesity
appeared less likely to receive regional anaesthesia and as BMI
rose more likely to receive neuraxial anaesthesia and sedation

as sole techniques. Airway and obstetrics were areas where the
obesity signal was highest. In patients with a BMI >40 kg m2
survival rates were lower than in other patients (at the time of
cardiac arrest 63% vs 75% and when reported to NAP7 51% vs
60%) and quality of care was judged to be good less often and
poor more often.

Obstetric anaesthetic activity accounts for 13% of anaesthetic
caseload, 70% of caseload at night and 360,000 obstetric
anaesthetic encounters per annum, of which approximately half
are caesarean sections and one-third labour analgesia. Trends
in obesity seen in other patients were even more prominent in
obstetric patients (median BMI 27.1 kg m2, 62% overweight

or obese). Compared with overall obstetric activity, obstetric
patients were under-represented in reports to NAP7 (3.2% of
reports, an incidence of 1in 12,700). The incidence of cardiac
arrest during obstetric general anaesthesia was 1in 1,220 and
during regional anaesthesia 1in 17,000. Twenty-two cases
involved women undergoing caesarean section, an incidence
of 1in 8,600, and two cases neuraxial analgesia for labour, an
incidence of 1in 56,500. Five women died: a mortality rate

of 1.4 per in 100,000 (1 in 71,000) anaesthetic interventions.
Compared with the Activity Survey, patients reported to NAP7
after obstetric cardiac arrests were more often overweight or
obese and Black (21% vs 6%): small numbers mean these results
need cautious interpretation. Haemorrhage, high neuraxial block
and bradyarrhythmia were the most frequent causes of cardiac
arrest, accounting for 68% of cases. Anaesthesia was judged a
key cause of cardiac arrest in 68% of obstetric cardiac arrests
compared with 40% in all NAP7 cases (patient 54%, surgery
29%). Care before cardiac arrest was judged good less often and
poor more often in obstetric cases than in the overall dataset.
In the Baseline Survey attending an obstetric cardiac arrest

was associated with an increased frequency of the anaesthetist

reporting a psychological impact and an effect on their ability to
deliver future care and this was reported in two cases reported to
NAP?7.

Neurosurgery and neuroradiology accounted for 1.8% of
Activity Survey caseload and 3% of NAP7 cases. Main causes of
cardiac arrest were haemorrhage (including airway haemorrhage)
in 38% and bradycardia in 27%, with patient factors a key cause
in 65% cases, anaesthesia and surgery each in 35%. Ten (38%)
patients died, judged part of an inexorable process in four cases
and partially so in three. Debriefs were performed in 54% cases.

The vast majority (91%) of anaesthetic departments provided
anaesthesia in remote sites. The Baseline Survey identified
these locations had lower provision of emergency equipment.
Remote site anaesthesia accounted for 11% of anaesthetic
caseload in the Activity Survey and 4.3% of NAP7 cases of
cardiac arrest. Most specialties undertaking remote location
procedures undertook relatively low risk procedures, mostly
in working hours and were under-represented in NAP7 cases.
Radiology and cardiology (discussed above) were marked
exceptions.

Radiology accounted for 1.7% of anaesthesia caseload in the
Activity Survey and 2.6% of NAP7 reports. Cases typically
involved urgent, complex, out of hours work and often patients
who were older and comorbid or unwell. Most radiology
cardiac arrests occurred in interventional radiology, but with
several in the CT scanner or post-procedure. Haemorrhage was
the leading cause of arrest, followed by cardiac arrhythmias.
Outcomes were poor with a 52% mortality rate. Patient factors
and anaesthesia factors were common key causes.

Regional anaesthesia was used in 14% of cases in the Activity
Survey and was a contributory factor in 0.4% of NAP7 cases.

Endoscopy accounted for 1.1% of anaesthesia workload

in the Activity Survey and 0.3% of reports to NAP7. Major
haemorrhage was the common cause and reviewers noted
concerns about preprocedural investigations, observations, risk
assessment and teamwork in the management of gastrointestinal
haemorrhage.

Ophthalmology accounted for 4.3% of anaesthesia caseload

in the Activity Survey and 0.6% of NAP7 cases. These cardiac
arrests were commonly due to bradycardia, as a primary event or
caused by the oculocardiac reflex. All were brief (< 10 minutes)
with 100% survival.

Dental cases accounted for 3.1% of anaesthesia workload

in the Activity Survey and 0.6% of NAP7 cases. Most were
bradyarrhythmias and resuscitation generally lasted < 10 minutes
with 100% survival.

Psychiatry accounted for 0.6% of anaesthesia workload

in the Activity Survey and 0.2% of NAP7 cases. Both were
postoperatively and brief (seizures relating to electroconvulsive
therapy (ECT) and hyperkalaemia following suxamethonium use).
Both patients survived.

25



Key findings

The emergency department accounted for 2.8% of cases
reported to NAP7 including 18 adults and 7 children: 15 in the
emergency department and 10 in the special inclusion criteria
after emergency department care. Major haemorrhage was the
primary cause in 40% of cases. Of the 15 cases of cardiac arrest
in the emergency department 8 died, with 6 deaths deemed

at least partially part of an inexorable process. Of 10 special
inclusion cases, all were high-risk cases and 9 died, with 7 of
these deaths deemed at least partially inexorable.

In the Activity Survey the distribution of ethnicities overall and
across age groups was similar to the general population. Among
younger patients having anaesthesia care there was a greater
proportion of non-White ethnic patients who had a perioperative
cardiac arrest. Black patients account for 6.1% of the overall
obstetric anaesthetic population but had 28% of cardiac arrests.
Children of Asian and Asian British ethnicity accounted for 20%
of perioperative cardiac arrests in children but only 6.6% of
children in the Activity Survey. There was no difference in the
NAP7 panel judgement about the care provided for White and
non-White patients.

Overall, monitoring during anaesthesia and transfer falls
below the Association of Anaesthetists” minimum standards.
Compliance with monitoring recommendations during general
anaesthesia was high but often not continuous, with gaps
between anaesthetic room and theatre, or theatre and recovery
in up to half of patients. In patients with an airway device in
place after leaving theatre three quarters of patients had a gap in
capnography monitoring during transfer. When neuromuscular
blockade was used three quarters of patients did not have

the recommended quantitative monitoring. Processed EEG
monitoring has risen 6-fold in the last decade, while the use of
total infravenous anaesthesia has risen 3-fold. Consistent with
these findings, in case review there were examples of cardiac
arrest where deterioration may have been detected earlier if
continuous monitoring had been used during patient transfer.

The Baseline Survey indicated that use of an anaesthetic room
for induction of anaesthesia was the norm before and after the
pandemic (79% of hospitals), but not during it, with an overall
reduction over time. In the Activity Survey, an anaesthetic room
was used for 55% of all cases, 65% of non-obstetric general
anaesthetics cases including 70% of elective surgery, 56%

of emergency surgery, 72% of children and 64% of adults.

One third of cases were not monitored during transfer to the
operating room. An anaesthetic room was used in 63% of cases
reported to NAP7 (of those occurring in a theatre suite). In 136
cases an anaesthetic room was used and the patient arrested
before the start of surgery: 46% in the anaesthetic room, 7%
during transfer and 41% after induction but before surgery
started. In a small number of cases the panel commented on the
inappropriate use of an anaesthetic room. In these 136 cases,
anaesthesia was judged a key cause of cardiac arrest in more
cases than in other cases and the panel judged care to be less
good than care in all NAP7 cases.

There were 137 (16%) postoperative cardiac arrests reported to
NAP7: 22% in recovery, 55% in critical care and 23% in wards.
This will underestimate the true number of post operative cardiac
arrests as reporting rates are likely to be lower than in theatre
cases. In one-third of 30 recovery cases the panel judged that
there were omissions in monitoring and a failure to detect or
treat deterioration before the cardiac arrest occurred, including
during transfers to recovery. In 52 critical care cases, themes
included delays in interventions or providing supportive care;
cardiac arrests during a medical intervention or during patient
movement and deficient monitoring, including during transfer

to critical care. In 26 cardiac critical care cases we noted
widespread use of Cardiac Advanced Life Support (CALS) with
generally good standards of care. Issues related to temporary
cardiac pacing were noted in several cases. Of 31 ward cases,
one-third were in patients who the panel assessed were receiving
a level of care that was too low for their levels of risk and
requirements for monitoring or care.

Most (84%) of anaesthetists felt confident in leading a cardiac
arrest on the operating table, with males more confident

that females, while 70% stated they would benefit from more
training. Fewer than 50% believed that the current guidelines

on the management of perioperative arrests are sufficient.
Communication with the patient’s family or next of kin following
perioperative cardiac arrest involved anaesthetists in over 60% of
cases but anaesthetists expressed more confidence in managing
cardiac arrest than managing such communication or debriefs
after cardiac arrest.

In the Baseline Survey 4.5% of responding anaesthetists reported
that experience at a recent cardiac arrest impacted their
ability to deliver future patient care, and this was reported in
3.4% of cases reported to NAP7 with a further 5.2% declining

to answer this question. Despite generally good provision of
informal wellbeing support to anaesthetists from colleagues,
formal wellbeing support was uncommon. Anaesthetists reported
generally adverse psychological impact of attending their most
recent cardiac arrest. Over their entire career such attendance
was viewed positively more often than negatively professionally
but the impact on individuals’ private lives was more often
negative.

NAP7 was planned just before the COVID-19 pandemic. Data
collection for the main project was delayed for 13-months as a
result of the first two major surges. During this time the project
was redesigned and as part of that the Anaesthesia and Critical
Care Covid Tracking survey was undertaken to assess the extent
to which services and care were disrupted. During January 2021,
critical care in the UK was largely overwhelmed. Almost one
third of anaesthesia staff were unavailable (mostly redeployed
to ICU which increased critical care workforce by 125%). Three-
quarters of critical care units were so expanded that planned
surgery could not be safely resumed. At all times, the greatest
resource limitation was staff. A significant proportion (42%) of
theatres were closed, and those that were open operated at
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significantly reduced activity levels. National surgical activity
reduced dramatically including reduced elective surgery, and

in some regions paediatric surgery reduced to 12% of normal
activity. Overall surgical activity reduced to less than 50% of
normal activity, losing some 10,000 operations each day. Owing
to lower response rates from the most pressed regions and
hospitals, these results may underestimate the true impact.
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NAP7 main recommendations

Tim Cook Jasmeet Soar

This chapter includes the top 20 recommendations made

by the NAP7 panel after a voting and ranking process.

There are also topic specific recommendations and suggestions
for future research at the end of each chapter. When selecting
and ranking recommendations the panel considered:

the recommendation must come from NAP7 data

there should be a problem that the recommendation

aims to solve

the recommendation should plausibly lead to sustained
positive change

the risks of the recommendation

if the recommendation is already part of existing guidelines,
the panel could still make a similar recommendation on
issues they considered important.

Organisation of services

1.

Resuscitation equipment, that is age appropriate, should be
standardised and available in every main and remote site
where anaesthesia takes place, including advanced airway
management equipment and a defibrillator.

Hospital guidelines and individual practice should recognise
the following high-risk cardiovascular settings:

m  hypovolaemic and cardiovascularly unstable patients
= the frailer and older patient
m  patients presenting for vascular surgery

m  patients with bradycardia and those undergoing
surgery with vagal stimuli.

In these cases, there should be consideration of the choice,
dose and speed of administration of induction drugs.
Induction technique may require modification, such as
using ketamine instead of propofol or by co-administering
vasopressor medication to counteract hypotension.
High-dose or rapidly-administered propofol, in combination
with remifentanil, should be avoided. Similar considerations
apply to the modification of doses of intrathecal drugs. In

Andrew Kane

Richard Armstrong Emira Kursumovic

all high-risk patients, blood pressure should be monitored
frequently at induction, whether invasively or non-invasively
(eg every 30-60 seconds).

Allinstitutions should have protocols and facilities for
managing predictable perioperative complications occurring
during anaesthesia both in main theatres and remote
locations, including:

B haemorrhage
m  anaphylaxis
m  airway difficulty

m cardiac arrest.

All clinical staff who deliver anaesthesia autonomously
should be trained, skilled and practiced in the management
of these emergencies.

Each organisation providing anaesthesia and surgery
should have a policy for the management of an unexpected
death associated with anaesthesia and surgery. Such

a policy should include the allocation of a senior individual
to oversee care. The policy should include care of the
deceased patient, communication with family and provision
for staff involved to be relieved from duty and subsequently
provided with appropriate support mechanisms.

The Independent Healthcare Provider Network (IHPN)

and Private Healthcare Information Network (PHIN) should
work with commissioners of care, regulators and inspectors
to improve engagement with safety-related national audit
projects in the independent hospital sector to assess the
quality and safety of care delivered.

There should be greater clarity in cardiac arrest guidelines
for adults and children relating to the closely monitored
patient (eg during perioperative care) regarding:

m  when to start chest compressions

m  dosing of adrenaline

m indications for use of calcium and bicarbonate
in cardiac arrest
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m  indications for extracorporeal cardiopulmonary
resuscitation (eCPR).

Before

7.

10.

Risk scoring, using validated tools, should be a routine

part of preoperative assessment and shared decision
making. It should be considered both before and after a
procedure to ensure patients receive the appropriate level of
postoperative care.

As part of early preoperative information provision, patients
should be provided with a realistic assessment of likely
outcomes of their treatment. The information provided
should routinely include important risks, including the risk
of death during anaesthesia and surgery.

Where practical, treatment escalation, including but not
limited to do not attempt CPR (DNACPR) recommendations,
should be discussed and documented before arrival in the
theatre complex in any patient having surgery with any of:

= Clinical Frailty Scale score of 5 or above
= ASA5S

= objective risk scoring of early mortality greater
than 5%.

Discussions should take place as early as possible
preoperatively, with the involvement of an anaesthetist, so
that there is a shared understanding of what treatments
might be desired and offered in the event of an emergency,
including cardiac arrest.

Infants and neonates should be recognised as at high risk

of airway difficulty during and after surgery and, when
critically ill, of cardiovascular collapse soon after induction of
anaesthesia. Departments should make provision for senior
and expert care of these patient groups at all times of day
and night.

During

1.

Regardless of location, anaesthesia should not be performed
unless appropriate preoperative observations, investigations,
risk assessment and team brief have been performed.

Robust supervision processes should be in place for
anaesthesia care delivered by those in training or who do
not work autonomously. There should be clear processes
for contacting appropriate expert assistance during an
emergency and both parties should be aware of these
processes. This applies particularly when caring for children
and when working in remote locations.

13.

14.

A standard procedure to effectively call for help, which
includes an audible alarm, should be provided across all
locations where anaesthesia takes place.

Monitoring should be consistent with published guidelines
and continuous throughout the perioperative patient
journey, including during transfers. Disconnections in patient
monitoring should only occur exceptionally.

. The level of monitoring should match patient risk. The

majority of NAP7 reviewers advocated a lower threshold
for continuous invasive arterial blood pressure monitoring in
theatre and recovery. Research to inform national guidelines
would be of value.

High-risk or deteriorating patients should be anaesthetised in
theatre on the operating table.

All clinical staff who deliver anaesthesia care should be
trained and competent in the administration of intravenous
adrenaline, both as a low-dose bolus and infusion.

In monitored patients in early cardiac arrest or a severe low
flow state, initially give small doses of intravenous adrenaline
(eg 50 pg in adults or 1 pg/kg in children) or an infusion of
adrenaline, and if return of spontaneous circulation (ROSC)
is not achieved within the first 4 minutes (about two 2-minute
cycles of CPR) of cardiac arrest, give further adrenaline
boluses using the standard cardiac arrest dose (I mg in adults
or 10 pg/kg in children).

After

19.

Due to the severity of its nature, all cardiac arrests should

be reviewed to understand the cause, discover potential
learning and support staff. Learning should be shared across
the whole perioperative team.

20. All cases of cardiac arrest should be communicated to the

patient, next of kin, or parents if the patient is a child, as part
of the duty of candour.
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NAP7 methods

Andrew Kane Richard Armstrong

Key findings
B NAP7 of the Royal College of Anaesthetists examined

the incidence, predisposing factors, management or
perioperative cardiac arrest.

B NAP7 had three parts: Baseline Surveys, an Activity Survey
and a case registry.

B The Baseline Surveys of all anaesthetic departments and
anaesthetists in the UK examined respondents’ previous
perioperative cardiac arrest experience, resuscitation
training and local departmental preparedness.

B The Activity Survey recorded anonymised details of all
anaesthetic activity in each site over four days, enabling
national estimates of annual anaesthetic activity,
complexity and complication rates.

B The case reports collected instances of perioperative
cardiac arrest in the UK, reported confidentially and
anonymously, over one year, starting 16 June 2021,
followed by expert review using a structured process.

B The NAP7 definition of perioperative cardiac arrest was
the delivery of five or more chest compressions and/or
defibrillation in a patient having a procedure under the
care of an anaesthetist and ‘perioperative’ included the
period from the World Health Organization (WHO) ‘sign-
in" checklist or first hands-on contact with the patient
and ended either 24 h after the patient handover (eg to
the recovery room or intensive care unit) or at hospital
discharge if this occurred earlier than 24 h.

B The COVID-19 pandemic delayed the start of NAP7. This
delay resulted in changes to the organisation of the project
from primarily face-to-face meetings and paper-based data
collection to electronic surveys and data entry and secure
virtual meetings.

B A total of 328 Local Coordinators were enrolled
representing 416 NHS hospitals. From the independent
sector, 174 hospitals were enrolled, representing an
estimated 39% of independent sector hospitals.

Emira Kursumovic

Tim Cook Jasmeet Soar

B 72% of NHS hospitals and approximately 4% of
independent sector hospitals participated in the Baseline
Survey.

B 10,573 anaesthetists (approximately 71% of all UK
anaesthetists) and 173 anaesthesia associates participated
in the Baseline Survey.

B 24,172 Activity Survey responses were reported from
the NHS (85% site participation rate and estimated 95%
return rate by site). The independent sector reported
approximately 1900 cases, with capture rates unknown.

B 939 cases of perioperative cardiac arrest were reported
to NAP7 during one year, starting 16 June 2021. Of these,
881 were included in the final NAP7 registry. Cases were
excluded where there was duplication, where the case
did not meet inclusion criteria or the report was grossly
incomplete or uninterpretable.

Perioperative cardiac arrest is a subject that is important to

both patients and clinicians (Mavridou 2013, Burkle 2014). The
National Audit Projects of the Royal College of Anaesthetists
(RCoA) have an established role in examining clinically important,
rare complications of anaesthesia that are incompletely studied
(Thomas 2016). There is currently no systematic reporting

system for cardiac arrests during anaesthesia in the UK, and the
incidence, management and outcomes of perioperative cardiac
arrest are unknown (Kane 2021). No major prospective study of
perioperative cardiac arrest has previously been performed in the
UK.

Previous projects have investigated major anaesthesia-associated
complications of neuraxial block (NAP3; Cook 2009), airway
management (NAP4; Cook 2011a), accidental awareness during
anaesthesia (NAP5; Pandit 20143, 2014b) and perioperative
anaphylaxis (NAPé; Harper 2081a, 2018b). The projects have
evolved to include three core components: a Baseline Survey
assessing anaesthetists” experiences and attitudes on the topic of
interest and departmental organisation related to the audit topic;
an Activity Survey reporting anaesthesia practice, caseload and
events relevant to the topic; and a case report registry and expert
review of the events of interest. The review process includes
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quantitative and qualitative analysis leading to consensus
recommendations for improving practice based on the project
findings (Thomas 2016).

Methods

NAP7 was commissioned by the Health Services Research
Centre (HSRC) of the National Institute of Academic Anaesthesia
for the Royal College of Anaesthetists now the RCoA Centre

for Research and Improvement. It is the seventh in a series of
‘national audits’ (although they are more correctly described as
clinical service evaluations) conducted by the specialty.

The HSRC invited proposals for the topic of NAP7 in 2017,
receiving around 80 applications. Following a competitive
presentation stage, the HSRC Executive Management Board,
representatives of the RCoA and lay members selected the
subject of ‘perioperative cardiac arrest.

The NAP7 clinical lead (JS, appointed by competitive interview)
and the RCoA Director of National Audit Projects (TC, appointed
by the RCoA) co-chaired the steering panel and were supported
by the director of the HSRC and RCoA representatives. The
RCoA director for the NAPs and NAP7 clinical lead assembled a
steering panel for NAP7 to plan and implement the project and
provide an expert review of perioperative cardiac arrest cases
reported to the registry. The HSRC appointed clinical research
fellows (RA, AK, EK) through an open competitive interview
process. To establish the steering and review panel, stakeholder
organisations, including the RCoA Lay Committee, were
identified and invited to nominate their representative to form
part of that panel.

The first meeting of the full NAP7 steering panel was on 26
September 2019 and meetings were held monthly after that.

Figure 6.1 NAP7 - three parts

NAP7 - three parts

BASELINE a ACTIVITY
SURVEY SURVEY
At start of NAP7 During NAP7

Local Coordinator:

Departmental structures
& processes

All anaesthetists and anaesthesia
associates:

Personal experiences of
perioperative cardiac arrest

4-day activity survey of all sites

The project was ready to launch on 13 May 2020; however,

the launch was delayed due to the COVID-19 pandemic (see
Chapter 7 COVID-19). No full panel meetings were held between
March 2020 and July 2021 because of the pandemic. Planning
via smaller group meetings continued during this period and
the NAP7 Local Coordinator network and infrastructure were
used to undertake the Anaesthesia and Critical Care COVID
Activity Survey to study the impact of COVID-19 on anaesthesia
and critical care services in the UK (Kursumovic 2021; see

also Chapter 8 COVID-19 and anaesthetic activity). NAP7 was
launched on 16 June 2021 and monthly steering panel meetings
restarted in August 2021 to review submitted cases.

Eligibility to contribute to NAP7 included all UK NHS and
independent hospital sites undertaking anaesthetics. Sites were
contacted in advance of the project start date by the NAP7
coordinator using details held by the RCoA from previous NAP
cycles. In each department, a Local Coordinator, usually a

consultant or staff grade, associate specialist and specialty (SAS)
anaesthetist, was appointed to oversee the project at their site(s).
A handbook was produced to facilitate Local Coordinators in this
role. The NAP7 coordinator was available by email and phone
for queries from Local Coordinators. The NAP7 coordinator

did not participate in case reviews to reduce the risk of
de-anonymisation. Participating sites and Local Coordinators are
listed on the NAP7 website (https: /www.nationalauditprojects.
org.uk/NAP7-Home). During the project, the NAP7 team
updated the frequently asked questions on the website as

needed.

There were three parts to the project (Figure 6.1): Baseline
Surveys of anaesthetists and departments, an Activity Survey
of the anaesthetic caseload in all sites and case reports of
perioperative cardiac arrests.

CASE
REPORTING

1year

Report all cases that meet
inclusion criteria fo Local

To estimate denominator data

Coordinator

Complete detailed case
review form

Cases reviewed by NAP7 Panel
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Baseline Surveys

The Baseline Survey had two components:

B Asurvey of anaesthetists examining knowledge, training
and personal experiences of perioperative cardiac arrest
(Appendix 6.1). The NAP7 coordinator sent a survey link to
Local Coordinators, who forwarded the survey locally to all
department members. Anaesthetists informed their Local
Coordinators when they had completed their survey to
enable the calculation of a response rate. All anaesthetists
in the UK, including consultants, SAS grades, anaesthetists
in training and anaesthesia associates were invited to
participate.

B Asurvey of departmental organisation concerning
perioperative cardiac arrest. Survey questions focused on
staff mix, case mix, procedures for summoning emergency
help, access to emergency guidelines, resuscitation
equipment, including defibrillator availability and governance

structure [Appendix 6.2).

The scope of the individual anaesthetist and departmental
Baseline Surveys were formulated and agreed upon by the
NAP7 steering panel. Both surveys were tested internally within
the panel, with multiple iterations leading to final versions.

The surveys were distributed before the launch date of the

case report registry component of NAP7. They remained

open for approximately four and nine months, respectively.

The surveys were undertaken using an electronic survey tool
(SurveyMonkey®). Data were extracted and cleaned using
Microsoft Excel® 2022 (Microsoft Inc., Redmond, WA, USA)
and checked for duplicates. Quantitative analysis was performed
on Microsoft Excel, and ‘big qualitative data analysis” was
undertaken after importing and analysing on Pulsar TRAC v2022
(Pulsar, Los Angeles, CA, USA), a first-party data tool, Pulsar
Platform; Caplena v.2 (Caplena AG, Zurich, Switzerland), a free
text analysis tool; and InfraNodus v5, 2023 (Nodus Labs, Leeds),
a discourse and thematic analysis tool.

Activity Survey

The Activity Survey comprised a cross-sectional observational
study to collect denominator data about anaesthetic activity,
patient characteristics and adverse events during anaesthesia
care, building on the previous methodology (Sury 2014, Kemp
2018). The survey enabled the incidence of events occurring
during the one-year case reporting phase of the project to be
compared against the caseload.

All sites were randomly assigned a continuous four-day data
collection period, with an equal chance of starting on any day
of the week. Case collection included all cases that started from
00.00 on day 1 until 23.59 on day 4 of the local collection
period. Local Coordinators were advised to capture all cases
under the care of an anaesthetist during the period, including
cases requiring general anaesthesia, regional anaesthesia/
analgesia, sedation, local anaesthesia or monitored anaesthesia

care (ie care by anaesthetist without administration of
anaesthetic drugs). Local Coordinators were reminded to include
emergency and trauma theatres, labour ward and obstetric
theatres, procedures occurring away from their main site (eg day
surgery unit, electroconvulsive therapy unit), interventional pain
procedures in operating theatres or pain clinics, diagnostic and
interventional radiology, emergency anaesthesia or sedation in
the emergency department if administered by an anaesthetist,
out of hours work and regional anaesthesia. Any patient returning
to theatre for a second procedure was entered as a separate
case. Similarly, obstetric patients could be entered separately for
each encounter. The following were not included: sedation or
anaesthesia solely for critical care or procedures on critical care,
newborn resuscitation, inter- or intrahospital transfers.

Question design combined building on previous iterations of the
Activity Survey used in previous NAPs and collecting individual
case data pertinent to understanding perioperative cardiac
arrest. Data fields included patient characteristics, comorbidities,
resuscitation status, frailty, anaesthetic technique, monitoring
and complications during anaesthesia (Appendix 6.3). Where
questions had been asked in previous Activity Surveys, the
format of the question was kept, thus enabling trends over

time to be assessed. The stakeholder panel tested the Activity
Survey internally before final approval, in a similar manner to the
Baseline Surveys. Local Coordinators were provided with a link to
the survey via SurveyMonkey for distribution at their site, and a
QR code on the help sheet provided direct access. Respondents
were advised to complete the survey at the end of each case.

An annual caseload was estimated by multiplying the number

of cases by a scaling factor, which accounts for scaling the four-
day survey to one year and for missed data and uninterpretable
forms (Kemp 2018). To exclude erroneous data and data entry
mistakes, we examined the data to ensure that the fields were
compatible for low-frequency events (Curran 2016, Meade
2012); for example, a ‘malignant hyperthermia’ report without
‘hyperthermia’ or metabolic complications is likely to be a
mistake. Two reviewers assessed these events and referred
discrepancies to a third for overall decision making. Reports were

removed if there was judged to be a mistake.
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Case reports of perioperative cardiac arrests

The study undertook a case report registry of perioperative
cardiac arrest cases. The registry was open for cases occurring
between 00.00 on 16 June 2021 and 23.59 on 15 June 2022,
and remained open for approximately four months to allow data
entry.

To be reported, the NAP7 steering panel has defined a
perioperative cardiac arrest as ‘five or more chest compressions
and/or defibrillation in a patient having a procedure under the
care of an anaesthetist’ (Figure 6.2 and Table 6.1).

The steering group chose a cut-off of five compressions to
exclude cases with a very brief period of chest compression in
which cardiac arrest was unlikely to have occurred.

Patients under the care of an anaesthetist include those
undergoing general anaesthesia, regional anaesthesia/analgesia,
sedation, local anaesthesia or monitored anaesthesia care with
an anaesthetist or anaesthesia associate present.

The perioperative period was defined as from either the WHO
sign-in or first hands-on contact with a patient to 24 h after

the handover of the patient to recovery or another clinician (eg
intensive care, ward care) or when the patient leaves the hospital
(Figure 6.3).

In addition to these core definitions, there were several special
inclusion circumstances based on feedback from stakeholders
(Table 6.2). Other exclusions include defibrillation during
electrophysiological procedures when this was a planned, normal
or expected part of the procedure (eg during VT ablation) and
patients with an ASA score of 6 (brain-dead patients being
prepared for or undergoing organ donation).

Figure 6.2 NAP7 inclusion criteria

Table 6.1 Extended definition of cardiac arrest

Term Includes Excludes
Under the B General anaesthesia, Sedation
care of an regional anaesthesia/analgesia, | or local
anaesthetist sedation, local anaesthesia anaesthesia
or monitored anaesthesia care | where an
with an anaesthetist present anaesthetist is
B Patients who are directly not present
managed by an anaesthesia
associate
Chest There must be at least 5 Four

compressions

compressions which may inlude:

compressions

m  external or internal
defibrillation

®  manual or automated
external defibrillation

m  shocks by implanted

cardioverter defibrillators

for VF/pVT

m  precordial thump

m  direct compression of the | ©f fewer
heart
B mechanical chest
compression
m  extracorporeal
cardiopulmonary
resuscitation sfarted
during cardiac arrest
Defibrillation | Defibrillation is an unsynchronised Synchronised
DC shock for VF or pVT, including: DC shock for

cardioversion

VF, ventricular fibrillation; pVT, pulseless ventricular tachycardia

Did the patient have >5 chest

compressions and/or defibrillation?

Were they having a procedure

under the care of an anaesthetiste

e Case is likely to meet inclusion criteria

e Contact
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Figure 6.3 NAP7 inclusion period

Pre-procedure location T Theatre ] Recovery / Ward /
™ PACU / Critical Care
—> Radiology —
I Delivery room 1
— Home
—> Other areas —

!

WHO Checklist or
Hands-on contact

f f

Handover Home or 24 hours

post handover

NAP7 INCLUSION PERIOD

Time

Case reporting was confidential, and all patient, hospital and
clinician details were anonymised at the source by the reporting
clinician or the Local Coordinator. When a Local Coordinator
or other anaesthetist needed to report a case, they contacted
the NAP7 administrator. The reporter confirmed that this was a
perioperative cardiac arrest as defined above and that the case
occurred during the data collection period. After confirmation
that the case met inclusion criteria, the reporter was issued

a unique identifier and password to a secure encrypted case
submission website. Before accessing the secure webpage, the
reporter was required to change their password.

The steering panel designed the structured case report form
(Appendix 6.4) to capture the breadth and depth of data needed
for each case whilst minimising the risk of patient, clinician or
hospital identification. No patient, clinician or hospital data were
admissible on the form.

Neither the project team nor the RCoA could identify which
Local Coordinator had entered which case(s). The reporting site
reminded reporters to check for identifiers before submitting and
locking an entry to the registry. Once completed and finalised
('locked’), the submitted form was automatically transferred to the
clinical lead to enable analysis.

In cases where it was not clear that a case may or may not have
met inclusion criteria, an independent moderator was available
for discussion. If there was still doubt, the default was to report
the case. The moderator(s) were not on the review panel and had
no contact with the review panel throughout the project. They

\

were not permitted to discuss cases with review panel members.
This process was vital to maintain confidentiality between
reporters, reports and reviewers.

The NAP7 review panel met monthly to review and classify a
representative sample of submitted cases using the methodology
established in previous NAPs (Cook 2009, Pandit 2014b, Cook
2018). Each case was reviewed by a group of three to five clinical
and patient representative panel members, with several groups
performing reviews concurrently. The reviews used a structured
output form (Appendix 6.5) that guided groups through
assessment of anaesthetic care, management during cardiac
arrest, post-resuscitation care, case debrief and anaesthetist
wellbeing, contributory and causal factors to the event. The
severity of harm was assessed according to the National Patient
Safety Agency (NPSA 2004] grading.

After the case review in small groups was completed, the review
group presented cases and analyses to the whole review panel
(typically 12-15 members) at the end of each session to moderate
the findings and note points of interest. Key lessons and
keywords from each case were recorded. Case reviewers were
not permitted to discuss case details outside the review meetings.
If a review panel member had any knowledge of a case from
direct involvement or indirect means (eg local morbidity and
mortality meetings), they were not permitted to highlight this or
bring that knowledge to the process as either of these actions
would risk de-anonymising the case record.

The review panel referred to published guidelines as indications
for current best practices, including, but not limited to,
those from the Resuscitation Council UK and the European
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Resuscitation Council for adult and paediatric advanced life
support (Lott 2021, Nolan 2021, RCUK 2021, Soar 2021, Van de
Voorde 2021), the Association of Anaesthetists Quick Reference

the overall quality of care as ‘good’, ‘poor’, ‘good and poor’ or
‘unclear’ based on guidelines, the specific circumstances of the
case and, ultimately, by panel consensus.

Handbook (Association of Anaesthetists 2021) and specialist
society guidelines (eg Cardiac Advanced Life Support; Dunning
2009), and guidance covering treatment escalation plans and
end-of-life care ([eg ReSPECT; Pitcher 2017). The panel judged

Previous NAPs have reviewed approximately 200 cases. In
NAP7, 939 cases were reported. Initially, the panel reviewed all
reported cases to establish the review process. Once this process
was established, a complementary rapid review process was

used to screen for full panel review and to allow learning from
all cases to be incorporated into the final report. Rapid review

Table 6.2 Specific inclusion and exclusion criteria

Term Includes Excludes
Cardiology B Anasesthesia for cardiology and cardiac surgical procedures | Ml Cardiopulmonary bypass from arterial/aortic cannula
and cardiac inserfion fo removal
surgery B Defibrillation during electrophysiological procedures
when this is a planned, normal, or expected part of the
procedure (eg during VT ablation)
Obstetrics Patients with: B Cardiac arrest before the start of anaesthesia care (as defined
m  obstefric epidural and/or spinal up to 24 h after above] or with no anaesthetic infervention
delivery
= remifentanil patient-controlled analgesia
Paediatrics As for adults, with the addition of special inclusion criteria for | Bl Newborn resuscitation
(age <18 sick children anaesthetised for resuscitation before refrieval
years) or fransfer fo another hospital
Critical care Patients on critical care: B Sedation or anaesthesia solely for crifical care
B within 24 h of the end of their procedure/handover o | B Procedures performed in the critical care unit
the ICU team leg percutaneous tracheostomy
B having an interventional procedure in another location | M Any infra- or inferhospital transfers originating in critical care
under the care of an anaesthetist (excludes diagnostic
imaging) from first hands-on intervention, including
transfer
eCPR Venoarterial ECMO started during cardiac arrest B ECMO for any other indication
eCPR start defined as the initiation of extracorporeal flow
to the patient after cannulation and circuit connection to
cannulae
Pain medicine As per general inclusion criteria (includes procedures
in pain clinic|
Radiology Patients under the care of an anaesthetist for imaging inthe | M Patients transferred for diagnostic radiology from critical care
radiology department
Inferventional radiology procedures, as per general
inclusion criteria, including stroke thrombectomy/coiling for
subarachnoid haemorrhage
Regional Regional blockade performed by an anaesthetist outside the | B Procedures performed on crifical care
anaesthesia theatre
and analgesia Until 24 h after the procedure
Emergency Patients under the care of an anaesthetist who would meet | B Adult patients who are anaesthetised solely for critical
department the general criteria for NAP7 inclusion in whom anaesthesia care (paediatric patients may be included as per inclusion
care for an interventional procedure starts in the emergency criteria above)
department B Patients anaesthetised solely for transfer to ICU
Other Electroconvulsive therapy suite, even if in a separate building | B Patients in the preassessment clinic
locations and/or hospital frust B Patients undergoing exercise testing
B Patients who are not in the hospital
B Pafients in the surgical admissions unit, ward or theatre
complex before their procedure

ECMO, extracorporeal membrane oxygenation; eCPR, extracorporeal cardiopulmonary resuscitation; ICU, intensive care unit.
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cases were assessed by two panel members independently, using
a modified review form (Appendix 6.6). Where the case required
subspecialty expertise, at least one reviewer had expertise in
that area. The review outcome focused on the quality of care
and learning points. All rapid reviews were also checked by the
NAP7 clinical lead (JS). If panel members recorded that the case
should be reviewed by the full panel or identified a new theme
or issues, or there was disagreement between panel members

in their assessment, the case was submitted for a full panel
review. In total, 302 cases had a full panel review and 692 had

a rapid review; 58 cases were excluded as being incomplete or
uninterpretable, leaving a total of 881 cases (Figures 6.4-6.6).

Figure 6.4 Preferred Reporting Items for Systematic Reviews and Meta-
Analyses flow chart of included cases

All cases
started on
system

n =939

Excluded (n = 49)

4 did not meet
inclusion criteria

1 duplicate
1blank

17 nothing beyond
screening page

26 incomplete/
uninterpretable

Cases for
review

n =890

Rapid review
n =692

Excluded
n=5

Main panel review
needed after rapid
review

n=98

Full panel
review

n =302

Excluded
n=4

Included in
analyses

n = 881

Figure 6.5 Rapid reviews

Rapid review

n =692

Exclusions
(n=35)
1did not meet
inclusion 3 not
interpretable

1 duplicate

Core
team
review

n=37

Rapid
review by
two panel
members

n =549

Referred
to main
panel

n=98

Reviewed
but same
patient

n=3

Of which, specialty review=227

Descriptive summaries of baseline patient characteristics and
clinical variables are presented in the report with continuous
variables as percentiles and discrete variables as frequencies and
percentages. Categorical data are compared using Chi-squared
or Fisher’s exact test, as appropriate. The incidence rates of
events (eg cardiac arrest) were calculated using numerator data
from the registry and denominator data from the Activity Survey.
Data analysis was performed using R (R Core Team, Vienns,
Austria). Qualitative data analysis was undertaken as described
in the Activity Survey section above. Qualitative analysis has
identified emerging themes, potential areas for separate analysis
and possible recommendations. Keywords were recorded for
each case.

Figure 6.6 Full panel reviews

Full panel review
n=302

Exclusions
(n=4)
1<5 chest compressions
1 no compressions/shock

1ED arrest no planned
procedure

1 insufficient detail
to review case

Contributing to report
n=298
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Recommendations

A key output from the NAP7 process is the generation of
recommendations derived from the data and agreed upon by the
NAP7 panel. During the activity and Baseline Survey data analysis
and review of the cases in the registry, panel members discussed
how the data might lead to recommendations. At the report
writing stage, the authors of each chapter generated potential
recommendations.

In round 1, 239 draft recommendations from the collected
chapters were presented to panel members via an electronic
survey with the options to ‘agree’ ‘agree with modifications,
'disagree’ or ‘abstain’. These were ranked by ‘agree’ with or
without modifications. Recommendations were edited, combined
or re-written based on feedback in the survey.

In round 2, 41 recommendations were presented to the panel.
Each member made 20 selections that they felt were the most
critical recommendations from the project. Recommendations
with the highest votes in this round are presented in Chapter 5
Main Recommendations.

When selecting and ranking recommendations the panel
considered:

B The recommendation must come from NAP7 data.

B There should be a problem that the recommendation aims to
solve.

B The recommendation should plausibly lead to sustained
positive change.

m  The risks of the recommendation.

B [If the recommendation is already part of existing guidelines
- the panel could still make a similar recommendation on
issues they considered important.

The following members of the NAP7 panel voted in rounds 1
and 2 of the recommendations process: A. Kane, B. Patel, B.
Scholefield, C. Bouch, E. Kursumovic, E. Wain, F. Oglesby, F.
Plaat, G. Nickols, G. Kunst, I. Moppett, J. Dorey, J. Cordingley,

J. Nolan, | Pappachan, . Soar, J. Smith, K. Samuel, L. Varney, M.
Davies, N. Lucas, R. Armstrong, R. Mouton, S. Agarwal, S. Finney,
S. Kendall, T. Cook.

Data protection

For the 12-month case report registry, all data were uploaded

via a secure web-based tool using SSL encryption. The NAP7
team at the RCoA controlled access to the tool, with security
and confidentiality maintained through a registration process and
the use of usernames and passwords. No identifiable patient,
clinician or hospital information was recorded or stored; only
anonymised data was received and analysed at the RCoA. The
RCoA established suitable physical, electronic and managerial
procedures to safeguard and secure the information collected

online (Appendix 6.7).

Permissions

NAP7 was a clinical service evaluation as there was no
intervention, no randomisation of patients and no change to
standard patient care or treatment. The project was observational
and did not require research ethics committee approval in line
with the NHS Health Research Agency and Medical Research
Council (NHS HRA 2022) decision tools. In Northern Ireland,
the chair of the Privacy Advisory Committee Northern Ireland
approved the project. All data were handled under relevant
national requirements. The project was approved by the Public
Benefit and Privacy Panel for Health and Social Care in Scotland.
As part of the requirements to achieve approval, all members

of the NAP7 underwent information governance training as
specified by these regulatory bodies (Medical Research Council
elearning: 'Research, GDPR and confidentiality — what you really
need to know’ and completed the e-assessment; (MRC 2022). As
for NAPs 3-6, all four chief medical officers of the UK endorsed
the NAP7 project (Appendix 6.8).

Discussion

NAP7 is likely to be one of the largest and probably the most
comprehensive prospective studies of perioperative cardiac
arrest to date (Hur 2017, Fielding-Singh 2020). A strength of the
NAP methodology is matching numerator data (from the case
review process) and denominator data (from the Activity Survey)
to provide incidences of events and calculate risk estimates.
Further, the granularity of the data has enabled us to explore
how the risks vary with age, sex, ASA physical status, comorbidity
status, frailty and more. These data are contextualised in light

of the Baseline Surveys, giving insight into how individuals and
departments train for cardiac arrest and report their experiences.

Central to the project has been how to define a perioperative
cardiac arrest. We have adopted the definition of cardiac arrest
as ‘chest compressions and/or defibrillation’, and our outcome
measures are based on the internationally agreed Utstein
template (Nolan 2019).

We acknowledge that some cases where a cardiac arrest has
occurred, but chest compressions or defibrillation are not
performed, will have been excluded (eg patients with ‘do not
attempt cardiopulmonary resuscitation’ recommendations that
have been kept active in the perioperative phase). Conversely,
we may capture events that may not be full cardiac arrests; for
example, low flow states, hypotension/unrecordable blood
pressure, or where chest compressions are started to aid
circulation as a precaution or in error. Complete cessation of
the circulation and pulselessness is only certain in established
ventricular fibrillation and asystolic cardiac arrests. In contrast,
the inability to feel a pulse may coexist with a low flow state

in ventricular tachycardia (VT) - pulseless VT - or pulseless
electrical activity. All these situations should be treated with chest
compressions and/or defibrillation and are discussed further in
Chapter 15 Controversies, Chapter 20 Decisions about CPR and
Chapter 25 ALS for perioperative cardiac arrest).
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Similarly, we have had to define the perioperative period. The
panel has focused the project on examining events happening
in the operating theatre and the 24 h following the handover
of care. Although cardiac arrest events occurring earlier in the
perioperative pathway (eg during cardiopulmonary exercise
testing) or more than 24 h after surgery may provide insightful
data, the stakeholder panel decided that the period needed

to focus on events that are likely to be within our direct care

or soon after. The panel decided to include events up to 24 h
following care by an anaesthetist, as intraoperative events and
management may impact the likelihood of cardiac arrest in this
period. The definition of perioperative is largely in line with that
used by the National Institute for Health and Care Excellence
(NICE 2008).

Conversely, we have special inclusion criteria to capture cardiac
arrest events that may not be ‘perioperative’ but could potentially
be high impact following an intervention by an anaesthetist.
These include anaesthetising critically unwell children before
retrieval or transfer to another hospital for continuing care,
regional nerve blocks performed outside the theatre complex
and analgesia for labour (including remifentanil patient-
controlled analgesia). We have included patients who had a
cardiac arrest under the care of an anaesthetist in the emergency
department under specific circumstances. These include patients
where the team caring for the patient is planning a surgical,
interventional radiology or cardiology procedure, but the patient
has a cardiac arrest before this is possible. In previous NAPs, the
emergency department has been a source of significant learning
due to the inherent high-risk nature of the patients and situations
presented (Cook 2011b) and there may be similar high-impact
learning from NAP7 in this environment.

As with previous NAPs, there is a need to examine a stable
healthcare system that is not in fluctuation or crisis. The project
was due to launch May 2020 and when the COVID-19 pandemic
led to major healthcare disruption, we decided to delay NAP7
by approximately one year. The NAP7 team instituted the
Anaesthesia and Critical Care COVID Tracking survey (ACCC-
track) to track the impact of COVID-19 on anaesthetic and
surgical activity and determine whether starting NAP7 in mid-
2021 was feasible (Kursumovic 2021; see also Chapter 8 COVID-
19 and anaesthetic activity). Given the results of ACCC-track and
accepting that healthcare delivery may not return to normal for a
significant time, a pragmatic decision was made to start NAP7 in
June 2021. The impact of the pandemic-associated disruption on

NAP7 is discussed in Chapter 9 Organisational survey.

We have built on the established methodology of previous NAPs,
including multiple, serial, multidisciplinary reviews incorporating
patient representation, formal moderation and a structured
output. A review of events that have already happened is always
unavoidably prone to the limitations of ‘looking backwards,
which may be exacerbated when the outcome is known (Caplan
1991, Henriksen 2003). Our review processes incorporated
structured, quantitative and qualitative, dual review by panel
members, with care benchmarked against current guidelines, and
make every effort to produce balanced judgements, accepting
these known limitations. The standards of care include current
guidance in the UK for immediate resuscitation and specific
treatments of adverse perioperative events (eg Lott 2021,

Soar 2021, Van der Voorde 2021, RCUK 2014). Collection of
data at scale across four countries and processes to ensure

that reviewers do not know the source of reports adds to the
robustness of the methodology.

As with previous NAPs, NAP7 relies on the openness and
altruism of anaesthetists in the UK in reporting experiences, data
and cases to the project team. In some of these cases, care may
not have proceeded as planned and may have impacted patient
safety and it is clear that some cases had significant clinician
impact (see Chapter 17 Aftfermath and learning). This sharing of
‘uncomfortable data’ is a notable component of the NAPs and
reflects the dedication of anaesthetists to learn from patient
critical events, whatever the circumstances. While clinicians do
not get direct feedback from reporting cases to NAP7, they

do so in good faith that they are contributing to a project that

may improve healthcare quality and safety. The NAP7 team
acknowledges anaesthetists’ generosity in supporting NAP7 and
previous NAPs.
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COVID-19 and perioperative cardiac arrest

Tim Cook Emira Kursumovic

Key findings

In the Activity Survey, 0.6% of all cases were SARS-CoV-2
positive and 3.3% of unknown status, so approximately 4%
(1in 25) patients would have been managed through

a ‘COVID-19 pathway".

Patients who were SARS-CoV-2 positive accounted
for 0.2% of elective case load and 1.5% of urgent
and emergency surgery.

The majority of patients who were SARS-CoV-2 positive
in the Activity Survey underwent non-elective surgery
with obstetrics and other emergency focused specialties
managing the highest caseloads.

Patients who were SARS-CoV-2 positive accounted

for 2.4% (n = 21) of cardiac arrests and were four-fold
overrepresented in reports of cardiac arrest: an estimated
incidence of 1in 780.

Two-thirds (62%) were known to be SARS-CoV-2 positive
preoperatively and reports included 4 children and 17
adults, T of whom was pregnant.

Compared with other cardiac arrest cohorts, patients with
COVID-19 were more likely to be ASA 4 (43% vs 29%)
and of non-white ethnicity (15% vs 11%).

A large proportion of cases were significantly ill, often with
multisystem disease.

Vascular surgery had a more than expected caseload

(5.8% of vascular cardiac arrests were SARS-CoV-2 positive
vs 1.6% of all other cardiac arrests).

Urgency of surgery was high but distribution of mode of
anaesthesia did not differ between COVID-19 cases and
other patients reported to NAP7.

The nature of cardiac arrest differed little in this cohort
from other cases and chest compressions were
administered to all patients.

Although most causes of cardiac arrest were as

expected, 24% of reported causes included unusual
causes of cardiac arrest, such as heart block, severe raised
intracranial pressure, stroke, severe acidaemia and severe
hyperkalaemia, likely reflecting the underlying critically ill
state of many patients.

COVID-19 related comorbidities likely contributed to
several cardiac arrests including myocarditis (two confirmed
cases and several other possible cases), pneumonitis (six
cases), thrombotic disease (six cases) and multiorgan failure
(four cases).

In the Baseline Survey, anaesthetists with experience of
perioperative cardiac arrest in the COVID-19 era reported
an increased use of airborne precautions at the point of
cardiac arrest. Among comments about managing cardiac
arrest before and during the pandemic, 54% reported
their experiences were ‘worse’ or ‘much worse’ during

the pandemic and commented on personal protective
equipment (PPE) causing difficulty communicating,
discomfort, and delays in care due to donning and doffing.
In eight (0.9%) of all reports to NAP7, issues relating to PPE
were cited but none caused cardiac arrest or appeared to
alter outcome. Issues included delay in staff attending

due to the need to don PPE, hindrance of resuscitation

or communication and the need to work without PPE that
was judged necessary, due to clinical urgency.

Outcomes of cases with COVID-19 were somewhat poorer
than the whole dataset. Survival at cardiac arrest was similar
(71% vs 76%) but overall outcome was less good as more
patients with COVID-19 died or experienced severe harm
(71% vs 64%).

Of 11 (52%) deaths, 4 were judged to be part of an
inexorable dying process.

Debriefs were less common after cardiac arrest in patients
with COVID-19 than for other patients (debrief done 29%
vs 46%, no debrief and none planned 48% vs 35%).

Care was generally judged to be good (COVID-19 cases,
care good in 60% and poor in 0%, all cases good in 53%
and poor in 2.1%).
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What we already know

In March 2020, when the NAP7 panel were two months away
from launching data collection, the SARS-CoV-2 pandemic
reached the UK. A rapid decision was made to postpone the

launch, with an anticipation that this might be for several months.

It was judged important that NAP7 should sample the healthcare
system at a time that was typical, in order for its findings to be as
generalisable as possible.

It soon became apparent that the delay would need to be for
longer than anticipated. The project infrastructure and resources
were diverted to the Anaesthesia and Critical Care COVID
Tracking survey (ACCC-Track) to determine how the COVID-

19 pandemic was altering anaesthetic and surgical activity
(Kursumovic 2021; see also Chapter 8 ACCC-Track).

Through the ACCC-Track survey and other sources it became
apparent that healthcare would likely be forever changed and
waiting for a ‘return to normal’ was impractical. NAP7 was
therefore re-planned:

B the project data collection period started 13 months later
than planned

B panel meetings were changed from face to face to virtual
B the Activity Survey was changed from paper based to online

Bl the case review process, which had hitherto been face to
face and paper based, was also changed to a secure online
and virtual process.

Early in the pandemic, several publications highlighted the

high mortality associated with surgery in patients infected

with SARS-CoV-2 (Lei 2020, COVIDSurg Collaborative 2020a).
The COVIDSurg study, which acquired data in late 2020

when the delta variant was circulating and before vaccination
was widely implemented, showed that risk of mortality and
respiratory, cardiovascular and thrombotic complications

was increased substantially for seven weeks after infection
(COVIDSurg Collaborative 2020b, COVIDSurg Collaborative
and GlobalSurg Collaborative 2021, Nepogodiev 2022), leading
to general deferral of non-urgent surgery for that period of time
(EI-Boghdadly 2021).

More recently, an OpenSAFELY analysis of 2.4 million surgical
episodes in the English NHS examined population outcomes
before and during the pandemic (Mclnerney 2023). Compared
with before the pandemic, surgical mortality increased three-fold
in the first year of the pandemic and remained two-fold higher
than pre-pandemic in the second year.

Throughout the pandemic, there has been controversy over
appropriate PPE for healthcare staff and the classification of

procedures as aerosol generating procedures (AGPs; Cook 2021,

Hamilton 2021) including whether cardiopulmonary resuscitation
(CPR) should be considered an AGP (RCUK 2020, PHE 2022,
RCUK 2022). Throughout most of the NAP7 data collection
period, hospitals maintained separate patient pathways for
patients at high or low risk of existing SARS-CoV-2 infection.

In low-risk pathways, PPE was restricted to gloves, a plastic apron
and surgical face mask, while in high-risk pathways, and when
so-called AGPs were undertaken, the requirement was gloves,
gown, eye protection and a high efficiency filtering face piece
(FFP3/FFP2) (UK HSA 2022). The impact of wearing PPE during
the conduct of clinical care (especially airway management) and
during CPR remains controversial (Potter 2022) and anaesthetists
have varying attitudes to COVID-19 (Shrimpton 2022).

The NAP7 data collection period took place during a period
of endemic SARS-CoV-2 infection, predominantly with the
omicron variant, in a largely but not completely vaccinated
population (approximately 70% of adult population of England
were vaccinated once by June 2021 and 87% at least once by
June 2022; UK HSA 2023). This provides an opportunity to
explore the logistical challenges of a continuing respiratory
pandemic both on anaesthetic-surgical activity (see Chapter 8
ACCC-Track) and on working practices, processes and the risk
and management of perioperative cardiac arrest. This small cases
series of cardiac arrests in patients with SARS-CoV-2 infection
provides insight into the case mix, causes, complications and
outcomes in this cohort.

What we found

Baseline Survey

The Baseline Survey, conducted in June 2021, captured
anaesthetists’ perspectives on PPE precautions during their
most recent perioperative cardiac arrest experience (Chapter 10
Anaesthetists’ survey). There was a small difference in the type
of PPE used by anaesthetists just before the cardiac arrest and
during the event - airborne precautions increased from 25%

to 29%, whereas droplet and contact precautions decreased

marginally (both < 1%).

Of the 4664 anaesthetists with experience of perioperative
cardiac arrest in the COVID-19 era, 54% reported that their
experiences were ‘worse’ or ‘much worse’ than before the
pandemic (Figure 7.1). A total of 1687 (36.2%) anaesthetists
provided free-text statements about their experiences of
PPE use; 950 (56%) described ‘difficulty communicating’

Figure 7.1 Anaesthetist’s experiences of managing cardiac arrest in PPE
during the pandemic compared with before the pandemic
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while wearing PPE, with 140 (8.3%) specifically mentioned
FFP3 facemasks here; 338 (20%) reported PPE to be ‘hot and
uncomfortable’; 91 (5.3%) stated that donning and doffing PPE
added to delays in managing cardiac arrests: a small number
described impaired vision due to misting of visors/spectacles.

Activity Survey

In the Activity Survey, conducted in autumn 2021, 149 (0.6%)
of all cases were SARS-CoV-2 positive and 793 (3.3%) had

an unknown status (eg awaiting a test result). This means
approximately 4% (1in 25) patients would likely have been
managed through a ‘COVID-19 pathway’ at this time. The
prevalence of SARS-CoV-2 infection at the time in the UK was
between 1.4% (Northern Ireland) and 2.6% (Wales) (ONS 2021).

Patients who were SARS-CoV-2 positive accounted for 0.2% of
elective case load and 1.5% of urgent and emergency surgery.
Of SARS-CoV-2 positive patients, 17% were undergoing elective
surgery and 43% urgent or immediate priority surgery. The
surgical specialties undertaking most surgery on SARS-CoV-2
positive patients are shown in Table 7.1, with obstetric care being
prominent.

The severity of COVID-19 varied by urgency of surgery. Of 26
elective cases with COVID-19, 18 were not hospitalised, 2 were
hospitalised but not requiring oxygen, 1 was reported as receiving
advanced oxygen therapy and in 5 cases status was unknown.

In contrast of 93 non-elective cases, 49 were not hospitalised,

21 were hospitalised but not requiring oxygen, 6 were receiving
supplemental oxygen and 16 were receiving mechanical
ventilation or extra-corporeal membrane oxygenation and the
status of 1 was unknown.

Cases of perioperative cardiac arrest

Patients who were SARS-CoV-2 positive accounted for 21(2.4%)
of cardiac arrests and were therefore four-fold overrepresented

in reports of cardiac arrest to NAP7: an estimated incidence of 1
in 780.

Two-thirds (62%) of patients were known to be SARS-CoV-2
positive preoperatively and one-third were diagnosed
postoperatively. Reports included 4 children and 17 adults, 1 of
whom was pregnant.

Patients with COVID-19 reported to NAP7 were, compared
with the Activity Survey, more likely to be in the age group
66-75 years (41% vs 19%), ASA 4 (43% vs 4%), of non-white
ethnicity (15% vs 8%) and male (59% vs 46%; Figure 7.2) and
compared with other cases of cardiac arrest reported to NAP7
were more likely to be ASA 4 (43% vs 29%), of non-white
ethnicity (15% vs 11%). Two (7%) patients had a ‘do not attempt
CPR’ recommendation in place at the time of surgery: this was
suspended in one case and its status unknown in another.

Vascular surgery had a more than expected COVID-19 caseload:
vascular surgery accounted for 24% of COVID-19 positive
cardiac arrests and 5.8% of vascular cardiac arrests were COVID-
19 positive before surgery (vs 1.6% of all other cardiac arrests) but
otherwise case distribution was in keeping with the specialties
undertaking predominantly emergency surgery. Urgency of
surgery was high in this cohort (immediate 43% vs 19% of

other cardiac arrest cases and 1.3% of Activity Survey cases).

The distribution of mode of anaesthesia did not differ between
COVID-19 cases and other patients reported to NAP7.

Cardiac arrest occurred in a wide variety of locations including
six (29%) that might be considered remote locations. The rhythm
at cardiac arrest was broadly in line with other causes of cardiac
arrest, though asystole was more common (29% vs 15%). Chest
compressions were administered to all patients and duration of
cardiac arrest did not differ from other causes of cardiac arrest.

The most common aetiologies of cardiac arrest were
bradyarrhythmia (21%), haemorrhage (10%) and septic shock,
hypoxaemia and stroke (each 7%). Relatively unusual causes of
cardiac arrest (heart block, severe raised intracranial pressure,
stroke, severe acidaemia, severe hyperkalaemia) accounted

for 24% of reported causes, likely reflecting the underlying
critically ill state of many patients in this group. COVID-19
related comorbidities likely contributed to several cardiac arrests
including myocarditis (two confirmed cases and several possible
cases), pneumonitis (six cases), thrombotic disease (six cases) and
multiorgan failure (four cases).

Table 7.1 Surgical specialties with the greatest exposure to patients who were SARS-CoV-2 positive or uncertain status. Specialties only included if total

cases exceed 20.

Patients who were Patients who were

Patients who were

Specialty SARS-CoV-2 positive (%) SARS-CoV-2 posifi\:e SARS-CoV-2 positive
or status unknown (%) or status unknown (n)

Obstetrics — caesarean section 13 7.6 127

Ear, nose and throat 12 23 30

Obstetrics — labour analgesia 11 12.7 128

General surgery 1.0 51 114

Trauma 09 49 62

Obstetrics — other 08 12.8 103
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Debriefs were less common after cardiac arrest in patients with with negative tests, which is consistent with surveys showing
COVID-19 than for other patients who had a cardiac arrest wide variation in anaesthetists’ attitudes and actions relating to
(debrief done 29% vs 46%, no debrief and none planned 48% COVID-19 related risk (Shrimpton 2022).

vs 35%]. No reported cardiac arrests were caused by problems with PPE.

Personal protective equipment Reported problems with PPE included:

There were eight (0.9%) reports in which issues relating to PPE

B delay in attending staff being able to assist at cardiac arrest
were cited in the reports of cardiac arrest to NAP7. These events

due to the need to don PPE (six cases)
were more likely to occur out of hours and at weekends than

other cardiac arrests. Not all cases were COVID-19 positive/
uncertain, indicating that PPE was being used by some in patients ™ interference with communication (two cases)

resuscitation hindered by the need to wear PPE (three cases)

Figure 7.2 Patient characteristics of patients who were SARS-CoV-2 positive reported to NAP7 (bars), compared with the same characteristics in the
NAP7 Activity Survey (line). Any bar substantially above or below the line indicates a relative excess or absence of that characteristic among patients
with SARS-CoV-2 infection who experienced cardiac arrest.
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0.6 1 B delay in drug delivery due to PPE issues (one case)
0.5 - H inability to wear the PPE that was judged necessary,
S 04 - due to clinical urgency of the situation (two cases).
2
g 034 In cases citing problems with PPE (compared with those that
g 02 did not), time to initiating CPR, time until assistance arrived and
01 reports of delays in treating cardiac arrest provided no clear
' signal that any of these were increased.
0

Five of these eight patients died and one experienced severe
harm, but in no case was this deemed to have been due to or
contributed to by PPE issues. Overall, quality of care was similar
to other cases and no care was rated poor.

Female Male

Induction took place in theatre in a high-risk patient who
was bleeding significantly. The surgical team remained
outside during induction ‘to avoid AGPs. When there was
a cardiac arrest there was a delay in the full team attending
due to the need to don personal protective equipment.
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Contributory factors and outcomes

The main contributory factor to the cardiac arrest was recorded
as patient more often in these cases (56%) than in all NAP7 cases
(47%) but all other elements differed little from the main dataset.

Outcomes of cases with COVID-19 were somewhat poorer
than the whole dataset. Although survival of the cardiac arrest
was similar in patients with and without COVID-19 (71% vs 76%),
more patients with COVID-19 subsequently died. Overall, 15
(71%) patients died (n = 11) or experienced severe harm (n = 4)
compared with 64% of all patients. Of the 11 deaths, 4 were
judged to be part of an inexorable dying process.

Care was generally judged to be good in these cases: overall
care was judged as good in 60% of COVID-19 cases compared
with 53% of all cases, and overall care was poor in 0% of
COVID-19 cases compared with 2.1% of all cases.

Discussion

The data collection period for NAP7 ran from June 2021 to

June 2022 and included a period in which SARS-CoV-2 was
circulating, largely as the omicron variant, and when most of
the UK population was vaccinated. The Activity Survey was
undertaken at a time when, for most UK regions, activity was
between surges, although significant COVID-19 surges occurred
throughout the latter half of our data collection period (Figure
7.3) and are likely to have impacted surgical activity.

The Activity Survey data illustrate that even 18 months into

the pandemic, approximately 1in 25 patients needed to pass
through a ‘COVID-19 secure’ pathway, on the basis of known
or possible SARS-CoV-2 infection. The specialties most
affected were the frontline emergency services, particularly
obstetrics, for whom so much work is non-elective. The case
load of SARS-CoV-2 positive patients was skewed significantly
to urgent and immediate surgery. During most of the data
collection period, national guidelines strongly recommended a

postponement of non-urgent surgery for a minimum of seven
weeks after a diagnosis of SARS-CoV-2 infection (EI-Boghdadly
2021), although in March 2022 the recommendation changed
to emphasise risk assessment and shared decision making,
balancing risk and benefit of postponement (El-Boghdadly
2022).

This is the largest series reported of perioperative cardiac arrest
in patient with SARS-CoV-2, that we are aware of. Cardiac

arrest in patients with SARS-CoV-2 infection was four-fold more
common than in patients without the disease, with an estimated
incidence of 1in 780. The case mix of patients experiencing
cardiac arrest is consistent with those known to be at greatest risk
of acquiring SARS-CoV-2 infection and harm from it: male, older
age and of non-white ethnicity.

In one-third of these patients, SARS-CoV-2 infection was only
identified postoperatively and some of them appeared to have
incidental infection. For the majority of cases with infection
identified preoperatively, patients were notably sick (a high rate
of ASA 4 cases, many with multisystem illness, several who were
in ICU and ventilated before surgery and two sick enough to
have a do not attempt CPR recommendation before surgery).
Finally, the cohort included a significant number of cases with
complications of the disease (pneumonitis, myocarditis and
thrombosis - cerebral, peripheral vascular and pulmonary emboli
— that probably contributed to their cardiac arrest).

The mode, conduct and immediate outcomes of perioperative
cardiac arrest differed little from other causes of cardiac
arrest, but overall outcome was poorer, most likely due to

the poor prognosis of severe SARS-CoV-2 infection and its
multisystem effects.

Although problems with PPE were cited in approximately 1%
of NAP7 cases, these do not appear to have caused major

problems. There were no cases where hindrance by PPE was
cited as a cause of cardiac arrest. In the current cohort, there

Figure 7.3 Hospital admissions with SARS-CoV-2 infection in England 2020-23. The red bar indicates the period of NAP7 case reports (16 June
202110 16 June 2022) and the green bar the approximate dates of Activity Survey data collection. Source: data from https: /coronavirus.data.gov.uk

(accessed 19 May 2023).
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were several cases of airway difficulty, including a tracheostomy
that was incorrectly sited and it is at least plausible that wearing
PPE contributed to some of these difficulties (Potter 2022).

The need to don PPE did, on occasion, delay the readiness

of assistance but did not materially impact on the time to

start CPR. A small number of reports highlighted hindrance

to communication while wearing PPE but the impact was not
reported to be clinically critical. In the Baseline Survey, there
were notable opinions expressed about the difficulty in managing
cardiac arrest in the pandemic due to PPE, including worse
experience, difficulties in communication and delay.

Despite these findings, there remain inconsistencies in PPE
guidance. Use of PPE when it is not needed is wasteful of money
and disposables and is likely to delay or hinder care. Conversely,
not using PPE when the need for it is evidence based (eg FFP3/2
masks in the setting of an airborne disease) puts staff at risk

of infection, which is morally and practically unacceptable.

At present, the definitions of what is and is not an AGP differ
between England (NHS England 2023) and other devolved
nations of the UK (eg in Scotland ARHAI 2022), meaning that
infection prevention and control practices also differ across
borders. This is illogical and inefficient.

Recommendations

National

B Research is needed to establish whether and, if so, the extent
chest compressions generate respiratory aerosols which may
harm those undertaking CPR.

B Such research should be followed by clear consensus
guidance on the use of PPE during CPR across the four
nations of the UK.

m  Organisations responsible for infection prevention and
control in the UK should agree definitions of what is and is
not an aerosol generating procedure to enable evidence-
based and consistent clinical care that is safe for patients
and staff.

Individual

B Anaesthetists should recognise that patients who have
COVID-19 are at increased risk of perioperative cardiac
arrest.

46



COVID-19

References

ARHAI Scotland 2022: Antimicrobial Resistance and Healthcare Associated Infection
Scotland. Assessing the evidence base for medical procedures which create a higher
risk of respiratory infection tfransmission from patient to healthcare worker, 2021
Updated 16 June 2022. hitps://publichealthscotland.scot/repository/sbar-assessing-
the-evidence-base-for-medical-procedures-which-create-a-higher-risk-of-respiratory-
infection-transmission-from-patient-to-healthcare-worker (accessed 1 April 2023).

Cook 2021: Cook TM, El-Boghdadly K, Brown J, Pickering AE. The safety of
anaesthetists and intensivists during the first COVID-19 surge supports extension of
use of airborne protection PPE to ward staff. Clin Med (Lond) 2021; 21: E137-9.

COVIDSurg Collaborative 2020a: COVIDSurg Collaborative. Mortality and
pulmonary complications in patients undergoing surgery with perioperative SARS-
CoV-2 infection: an international cohort study. Lancet 2020; 396: 27-38.

COVIDSurg Collaborative 2020b: COVIDSurg Collaborative. Delaying surgery for
patients with a previous SARS-CoV-2 infection. Br | Surg 2020; 107: e601-2.

COVIDSurg Collaborative 2021. COVIDSurg Collaborative. Timing of surgery
following SARS-CoV-2 infection: an international prospective cohort study.
Anaesthesia 2021; 76: 748-58.

El-Boghdadly 2021: El-Boghdadly K, Cook TM, Goodacre T et al SARS-CoV-2
infection, COVID-19 and timing of elective surgery: a multidisciplinary consensus
statement on behalf of the Association of Anaesthetists, Centre for Perioperative Care,
Federation of Surgical Specialty Associations, Royal College of Anaesthefists, Royal
College of Surgeons of England. Ansesthesia 2021; 76: 940-6.

El-Boghdadly 2022: El-Boghdadly K, Cook TM, Goodacre T et al Timing of elective
surgery and risk assessment after SARS-CoV-2 infection: an update. A multidisciplinary
consensus statement on behalf of the Association of Anaesthetists, Centre for
Perioperative Care, Federation of Surgical Specialty Associations, Royal College of
Anaesthetists, Royal College of Surgeons of England. Anaesthesia 2022; 77: 580-7.

Hamilton 2021: Hamilton G, Arnold D, Bzdek BR et al Aerosol generating procedures:
are they of relevance for transmission of SARS-CoV-22 Lancet Respir Med 2021; 9:
687-9.

Kursumovic 2021: Kursumovic E, Cook TM, Vindrola-Padros C et al The impact
of COVID-19 on anaesthesia and critical care services in the UK: a serial service
evaluation. Anaesthesia 2021; 76: 1167-75.

Lei 2020: Lei S, Jiang F, Su W et al Clinical characteristics and outcomes of
patients undergoing surgeries during the incubation period of COVID-19 infection.
EClinicalMedicine 2020; 21: 100331.

Mclnerey 2023: Mclnerney CD, Kotzé A, Bacon S et al Postoperative mortality and
complications in patients with and without pre-operative SARS-CoV-2 infection: a
service evaluation of 24 million linked records using OpenSAFELY. Anaesthesia 2023;
78: 692-700.

Nepogodiev 2022: Nepogodiev D, COVIDSurg Collaborative, GlobalSurg
Collaborative. Timing of surgery following SARS-CoV-2 infection: country income
analysis. Anaesthesia 2022; 77: 11-12.

NHS England 2023: NHS England. National infection prevention and control manual
(NIPCM) for England. https: //www.england.nhs.uk/national-infection-prevention-and-
control-manual-nipcm-for-england (sccessed 1 April 2023).

ONS 2021: Office for National Statistics. Coronavirus (COVID-19) Infection
Survey, UK: 29 October 2021. Statistical Bullefin. hitps://www.ons.gov.uk
peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases

bulletins/coronaviruscovidl9infectionsurveypilot/29october2021 (sccessed 1 April
2023).

PHE 2022: Public Health England. 2022. PHE statement regarding NERVTAG review
and consensus on cardiopulmonary resuscitation as an aerosol generating procedure
(AGP). https: //www.gov.uk/government/publications /wuhan-novel-coronavirus-
infection-prevention-and-control/phe-statement-regarding-nervtag-review-and-
consensus-on-cardiopulmonary-resuscitation-as-an-aerosol-generating-procedure-
agp--2 (accessed 1 April 2023).

Potter 2022: Potter T, Cronin N, Kua | et al Aerosol precautions and airway
complications: a national prospective multicentre cohort study. Anaesthesia 2022; 78:
23-35.

RCUK 2020: Resuscitation Council UK. Resuscitation Council UK Statement on
COVID-19 in relation to CPR and resuscitation in first aid and community setfings.
London: RCUK; 2020. https://www.resus.org.uk/sites /default/files/2020-06
Resuscitation%20Council%20UK%20Statement%200n %20COVID-19%20in %20
relation%20t0%20CPR%20and %2 0resuscitation%20in %2 0first%20aid%20and %20
community%20settings13052020.pdf (accessed 1 April 2023).

Resuscitation Council UK. 2022. Guidance: COVID-19. Update to Resuscitation
Council UK (RCUK] guidance for practice, August 2022. hitps: //www.resus.org.uk
library/additional-guidance/quidance-covid-19 (accessed 1 April 2023).

Shrimpton 2022: Shrimpton AJ, Osborne CED, Brown JM et al Anaesthetists’ current
practice and perceptions of aerosol-generating procedures: a mixed-methods study.
Anaesthesia 2022; 77: 959-70.

UK HSA 2022: UK Health Security Agency. Infection prevention and control for
seasonal respiratory infections in health and care settings (including SARS-CoV-2) for
winter 2021 to 2022. https: //www.gov.uk /government/publications /wuhan-novel-

coronavirus-infection-prevention-and-control /covid-19-quidance-for-maintaining-
services-within-health-and-care-settings-infection-prevention-and-control-
recommendations#transmission-based-precautions (accessed 1 April 2023).

UK HSA 2023: UK Health Security Agency. Coronavirus virus (COVID-19) in
the UK. Vaccinations in England. People aged 12 and over who have received
vaccinations, by vaccination date. https: //coronavirus.data.gov.uk /details
vaccinations¢arealype=nationSareaName=England [accessed 1 April 2023).

47


https://publichealthscotland.scot/repository/sbar-assessing-the-evidence-base-for-medical-procedures-which-create-a-higher-risk-of-respiratory-infection-transmission-from-patient-to-healthcare-worker
https://publichealthscotland.scot/repository/sbar-assessing-the-evidence-base-for-medical-procedures-which-create-a-higher-risk-of-respiratory-infection-transmission-from-patient-to-healthcare-worker
https://publichealthscotland.scot/repository/sbar-assessing-the-evidence-base-for-medical-procedures-which-create-a-higher-risk-of-respiratory-infection-transmission-from-patient-to-healthcare-worker
https://www.england.nhs.uk/national-infection-prevention-and-control-manual-nipcm-for-england
https://www.england.nhs.uk/national-infection-prevention-and-control-manual-nipcm-for-england
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/coronaviruscovid19infectionsurveypilot/29october2021
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/coronaviruscovid19infectionsurveypilot/29october2021
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/coronaviruscovid19infectionsurveypilot/29october2021
https://www.gov.uk/government/publications/wuhan-novel-coronavirus-infection-prevention-and-control/phe-statement-regarding-nervtag-review-and-consensus-on-cardiopulmonary-resuscitation-as-an-aerosol-generating-procedure-agp--2
https://www.gov.uk/government/publications/wuhan-novel-coronavirus-infection-prevention-and-control/phe-statement-regarding-nervtag-review-and-consensus-on-cardiopulmonary-resuscitation-as-an-aerosol-generating-procedure-agp--2
https://www.gov.uk/government/publications/wuhan-novel-coronavirus-infection-prevention-and-control/phe-statement-regarding-nervtag-review-and-consensus-on-cardiopulmonary-resuscitation-as-an-aerosol-generating-procedure-agp--2
https://www.gov.uk/government/publications/wuhan-novel-coronavirus-infection-prevention-and-control/phe-statement-regarding-nervtag-review-and-consensus-on-cardiopulmonary-resuscitation-as-an-aerosol-generating-procedure-agp--2
https://www.resus.org.uk/sites/default/files/2020-06/Resuscitation%20Council%20UK%20Statement%20on%20COVID-19%20in%20relation%20to%20CPR%20and%20resuscitation%20in%20first%20aid%20and%20community%20settings13052020.pdf
https://www.resus.org.uk/sites/default/files/2020-06/Resuscitation%20Council%20UK%20Statement%20on%20COVID-19%20in%20relation%20to%20CPR%20and%20resuscitation%20in%20first%20aid%20and%20community%20settings13052020.pdf
https://www.resus.org.uk/sites/default/files/2020-06/Resuscitation%20Council%20UK%20Statement%20on%20COVID-19%20in%20relation%20to%20CPR%20and%20resuscitation%20in%20first%20aid%20and%20community%20settings13052020.pdf
https://www.resus.org.uk/sites/default/files/2020-06/Resuscitation%20Council%20UK%20Statement%20on%20COVID-19%20in%20relation%20to%20CPR%20and%20resuscitation%20in%20first%20aid%20and%20community%20settings13052020.pdf
https://www.resus.org.uk/library/additional-guidance/guidance-covid-19
https://www.resus.org.uk/library/additional-guidance/guidance-covid-19
https://www.gov.uk/government/publications/wuhan-novel-coronavirus-infection-prevention-and-control/covid-19-guidance-for-maintaining-services-within-health-and-care-settings-infection-prevention-and-control-recommendations#transmission-based-precautions
https://www.gov.uk/government/publications/wuhan-novel-coronavirus-infection-prevention-and-control/covid-19-guidance-for-maintaining-services-within-health-and-care-settings-infection-prevention-and-control-recommendations#transmission-based-precautions
https://www.gov.uk/government/publications/wuhan-novel-coronavirus-infection-prevention-and-control/covid-19-guidance-for-maintaining-services-within-health-and-care-settings-infection-prevention-and-control-recommendations#transmission-based-precautions
https://www.gov.uk/government/publications/wuhan-novel-coronavirus-infection-prevention-and-control/covid-19-guidance-for-maintaining-services-within-health-and-care-settings-infection-prevention-and-control-recommendations#transmission-based-precautions
https://coronavirus.data.gov.uk/details/vaccinations?areaType=nation&areaName=England
https://coronavirus.data.gov.uk/details/vaccinations?areaType=nation&areaName=England

The Anaesthesia and Critical Care COVID-19
Activity Tracking (ACCC-Track] survey

Tim Cook

Emira Kursumovic

Key findings
B Between October 2020 and January 2021, we conducted
three national surveys to track anaesthetic, surgical and

critical care activity during the second COVID-19 pandemic
wave in the UK (rounds 1, 2 and 3).

B We surveyed all NHS hospitals where surgery is undertaken.
Response rates, by round, were 64%, 56% and 51%.

B Despite important regional variations, the surveys
showed increasing systemic pressure on anaesthetic and
perioperative services due to the need to support critical
care pandemic demands.

B During rounds 1and 2, approximately one in eight
anaesthetic staff were not available for anaesthetic work.
Approximately one in five operating theatres was closed
and activity fell in those that were open. Some mitigation
was achieved by relocation of surgical activity to other
locations. Approximately one quarter of all surgical activity
was lost, with paediatric and non-cancer surgery most
impacted.

B During January 2021, the system was largely overwhelmed.
Almost one third of anaesthesia staff were unavailable, 42%
of theatres were closed, national surgical activity reduced
to less than half, including reduced cancer and emergency
surgery. Redeployed anaesthesia staff increased critical
care workforce by 125%.

B Three-quarters of critical care units were so expanded
that planned surgery could not be safely resumed. At all
times, the greatest resource limitation was staff. Owing to
lower response rates from the most pressed regions and
hospitals, these results may underestimate the true impact.

B These findings have important implications for
understanding what has happened during the COVID-19
pandemic, for planning recovery and building a system that
will better respond to future waves or new epidemics.

B Between June 2021 and October 2022, we conducted two
further surveys (rounds 4 and 5) with a limited response
rate, so data were not analysed from these rounds.

Andrew Kane

Richard Armstrong Jasmeet Soar

What we already know

During the COVID-19 pandemic there was considerable focus
on the escalation of critical care capacity, capability and delivery.
In many UK hospitals, critical care and anaesthesia departments
work together and share staff. The expansion of critical care
capability inevitably led to redeployment of staff, space,
equipment and drugs intended for anaesthesia and perioperative
care (ICS 2021, ICNARC 2021a). In the first wave of the
pandemic, most planned surgery was stopped for several months
but after this, there were specific efforts made to restore surgical
activity and to maintain activity, even in the face of subsequent
waves of pandemic activity (Stevens 2002, FICM 2020a). The
extent of disruption of anaesthetic and perioperative activity

in the second wave has not been clearly documented. When
NAP7 was postponed due to the emerging COVID-19 pandemic
in March 2020, as part of assessing when anaesthetic and
perioperative services might have returned to a stable baseline
and thus be ready for starting NAP7, we undertook a series of
national surveys to track activity during the second wave of the
pandemic.

Methods

The Anaesthesia and Critical Care COVID-19 Activity Tracking
(ACCC-Track) survey did not meet the definition of research

as per the UK Policy Framework for Health and Social Care
Research (HRA 2017), was deemed a service evaluation and
thus did not require research ethics committee approval. The
conduct of ACCC-Track was approved by the RCoA Clinical
Quality and Research Board. The project used the network of
around 330 local coordinators established in all NHS hospitals
and many independent sector hospitals in the UK (Chapter 6
Methods). After the postponement of NAP7, as part of planning
for restarting, we initially devised the ACCC-Track survey to
determine the degree of disruption of perioperative services
and readiness fo start NAP7. A questionnaire was submitted to
all Local Coordinators in July 2020, results of which showed
that a majority (75%) supported the concept of the ACCC-Track
survey. An electronic survey tool (SurveyMonkey®, Momentive,
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Niskayuna, NY, USA) was used to conduct three successive
ACCC-Track surveys. The survey tracked changes of systemic
stress in surgical and critical care during different stages of

the COVID-19 pandemic. Rounds 2 and 3 differed from round

1 (Appendix 8.1) by removal of questions that did not need
repetition and addition of new questions as indicated. Drafts

of the survey were reviewed and tested before distribution, by
clinicians involved with NAP7 and the RCoA quality improvement
committee.

Rounds 1and 2 of the survey were sent to all Local Coordinators.
Responses were encouraged by email reminders at regular
intervals to Local Coordinators and to anaesthetic department
clinical leads once per round. Respondents were asked to
provide information for the main hospital site they represented,
which was identified by region and name of hospital. Response
rates from the independent sector were limited and, for round 3,
only the 273 Local Coordinators representing 420 NHS hospitals
were asked to respond (NAP7 2020). This analysis only included
data from NHS hospitals.

Duplicate responses and those that did not record a hospital site
and/or region were excluded. Since some Local Coordinators
represented more than one hospital across multiple sites, the
hospital response rate was calculated using the 420 NHS
hospitals with anaesthesia provision as the denominator. This
denominator was cross-referenced using NHS Digital (2020b)
and NAP7 lists of hospital sites (National Audit Project 2020).
Data collection periods were as follows: round 1 (R1) for the
month of October 2020; round 2 (R2) for two weeks between
1and 18 December 2020; round 3 (R3) for two weeks between
18 and 31 January 2021. Surveys could be submitted for four to
five weeks after distribution. These three rounds corresponded
to different stages of the second wave, as recorded on the UK
government’s COVID-19 data website (UK HSA 2021): round

1 from the start of the second wave and before the second
lockdown in England; round 2 shortly after the end of this
lockdown, during a period of slowly increasing hospital activity,

and round 3 during the third lockdown and shortly after the peak
of the secondary surge caused by the SARS-CoV-2 Kent B117
variant (Frampton 2021). The relationship between the timing

of the surveys and UK hospital admissions due to COVID-19

is shown in Figure 8.1. In each round, respondents were asked
about anaesthesia/surgical activity, including the number of
operating theatres open for activity at the hospital site and their
productivity compared with the previous year, measures taken
fo increase theatre capacity at other locations (eg another NHS
or independent sector hospital), reorganisation of care pathways
and changes to staffing levels, including COVID-19 related staff
sickness and redeployment (Appendix 8.1).

Organisational disruption of anaesthetic and critical care
departments were assessed using the red-amber-green (RAG)
rating criteria for ‘space, staff, stuff (equipment) and systems’
described in ‘Restarting planned surgery in the context of

the COVID-19 pandemic’ (FICM 2020a), which was a joint
publication of the four UK organisations supporting the ICM-
Anaesthesia COVID-19 hub (https: //icmanaesthesiacovid-19.orq)
(Appendix 8.1). Each ‘red’ rating describes a system ‘not ready
for a return’, ‘amber’ a system ‘close to being ready for a return’
and ‘green’ a system ‘ready for a return’ to undertaking planned
surgery (Appendix 8.2; FICM 2020a). Overall organisational
disruption of perioperative services can be measured by

combining red and amber responses. Round 1 examined the
types of personal protective equipment and organisational
processes used in operating theatres for patients designated as
at low and high risk of SARS-CoV-2 infection. Rounds 2 and 3
assessed the degree of critical care expansion and disruption
using the levels of the staged resurgence plan (SRP) described
in the ICM-anaesthesia hub document ‘Anaesthesia and critical
care: guidance for Clinical Directors on preparations for a
possible second surge in COVID-19', which in September 2020
advised departments across the UK how to respond to the
second COVID-19 wave by increasing critical care capacity while
also protecting planned surgery (FICM 2020b). Five stages of

Figure 8.1 Timing of the surveys and number of hospital admissions due to COVID-19 in the UK. The purple areas represent the timeline for R1
(October 2020), R2 (December 2020) and R3 (January 2021). Data adapted from UK HSA (2021). hitps://coronavirus.data.gov.uk/details/healthcare
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critical care capacity surge are described (Appendix 8.2): stage
1, an endemic level of COVID-19 activity; stage 2, increased
demand but met within established capacity; stages 3-5, normal
capacity (or capability) is exceeded and in stage 5, there is a
need to transfer to external local or regional networks as part of
mutual aid. Round 3 collected the number of critically ill COVID-
19 patients transferred into and out of respondents’ hospitals

as part of mutual aid.

Data from SurveyMonkey were exported into, cleaned and
analysed in Microsoft Excel® version 2021 (Microsoft, Inc.,
Redmond, WA, USA). Quaslitative data were imported and
analysed using NVivo version 2020 (QSR, International Pty Ltd.,
MA, USA), identifying common themes. Incomplete responses
to individual questions were accepted with missing data noted as
a non-response, except in questions that required comparative
analysis (eg difference in the number of theatres open or
difference in the number of cases performed compared with a
previous time point), in which case the responses were excluded
from analysis. When estimating changes in anaesthesia and

ICU workforce and the number of lost operations per day, an
adjustment was made for non-responders and survey response to
provide an estimate of national impact. Data from August 2020
NHS Workforce Statistics (NHS Digital 2021) were used as the
denominator for the number of current anaesthesia (13,119) and
critical care (2404 staff in England and were scaled up to UK
levels by multiplying by 1187 (ONS 2020).

What we found

Responses were received from 176 (64%) NHS Local
Coordinators in R1, 154 (56%) in R2 and 140 (51%) in R3. These
Local Coordinators represented 65% of NHS hospitals in R,
54% in R2 and 51% in R3. The response rate varied by region
(Figure 8.2). In R1, this ranged from 80% from the East and West
Midlands, to 46% from Wales, in R2 80% from Yorkshire and
Humber region to 35% from Wales and in R3 from 68% from the
South West to 32% from the East Midlands. Response rate fell
most between R2 and R3, with half the regions having a less than
50% response rate in R3.

A summary of key results is presented here, with a8 more detailed
analysis of theatre processes and personal protective equipment
and detailed results by region presented in Appendix 8.2.

Staff and space were the resources most frequently affected
(Figure 8.3). Nationally, between R1 and R3, green ratings for
staff reduced from 58.3% to 16.5% and for space from 61.1% to
20.3%. Stuff (equipment) and systems were less impacted; green
ratings for both fell to approximately 50% in R3. In R1 and R2,
54% and 68% of departments, respectively, had at least one red
or amber domain and therefore self-declared as not ready for

a return to planned surgery. In R3, this rose to 90%. In R3, no
region reported being above 50% green for space or staff with
most above 80% amber/red, of which most were red.

In R2, 45% reported ICU expansion beyond baseline capacity
(SRP 3-5) and in 15% there was an imminent or actual need

for mutual aid to transfer critically ill COVID-19 patients to

other hospitals (SRP 4-5; Figure 8.4). In R3, 74% of ICUs were
expanded above capacity with 39% likely or actually needing
mutual aid. In R3, 133 respondents (accounting for approximately
40% of all UK hospitals, but a greater proportion of all critical
care units) reported admission of approximately 900 patients
transferred under mutual aid and transfer of 600 to another
hospital under mutual aid.

In R2, by nation, ICU expansion above normal capacity was
highest in England (49%) and lowest in Scotland (17%; Figure
8.4). The South West was the least impacted region in England
with 33% of ICUs needing to expand, compared with 60% in
North East England and the East Midlands (Figure 8.5). Potential
or actual use of mutual aid transfers ranged from 0% in the
North West and South West England to 36% of hospitals in the
East of England. In R3, 75% of hospitals in England, Northern
Ireland and Wales expanded their ICUs and 67% of hospitals in
Scotland. Within English regions, expansion rates ranged from
45% (Yorkshire and Humber) to 100% (North East). The potential
or actual need for mutual aid transfers ranged from 0% in North
East England to 78% in West Midlands.

Figure 8.2 UK and regional variations in the proportion of NHS hospitals that responded to the ACCC-Track surveys for October 2020 (R1 M),

December 2020 (R2 M) and January 2021 (R3 H)
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Figure 8.3 Proportion of respondents that reported red (not able to resume planned surgery), amber (nearly able to resume planned surgery) or green
(able to resume planned surgery) for ‘space, staff, stuff [equipment] and systems’ categories for R1 (October 2020), R2 (December 2020), R3 (January
2021). ‘Overall hospital status’ indicates the proportion of respondents reporting at least one of staff, space, stuff or systems red B, no red and at least
one amber 7, all green M, (FICM 2020a).
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Figure 8.4 Proportion of respondents that reported the state of the responding hospitals’ ICUs as per staged resurgence plan (SRP) stages for R2
(December 2020) and R3 (January 2021), across the UK and within the different nations. SRPT M represents an endemic level of COVID-19 activity;
SRP2 ' increased demand but met within established capacity; SRP3 ' demand exceeds the established capacity and requires expansion; SRP4 B
high likelihood of occupying maximum expanded capacity; SRP5 M there is a need to transfer to external local or regional networks as part of mutual
aid (FICM 2020b).
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Figure 8.5 Regional variations in the proportion of respondents that reported the state of the responding hospitals’ ICUs as per staged resurgence
plan (SRP) stages for R2 (December 2020) and R3 (January 2021), across the UK and within the different nations. SRP1 M represents an endemic

level of COVID-19 activity; SRP2

increased demand but met within established capacity; SRP3 ™ demand exceeds the established capacity and

requires expansion; SRP4 M high likelihood of occupying maximum expanded capacity; SRP5 B there is a need fo transfer to external local or regional

networks as part of mutual aid (FICM 2020b).
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Figure 8.6 shows the impact of COVID-19 on absences within
the anaesthetic workforce. A progressive loss of the anaesthesia
workforce was seen through the survey rounds, largely due

to redeployment to critical care, resulting in a simultaneous
increase in the critical care workforce. Loss of anaesthetic staff
due to redeployment to non-patient-facing roles, shielding, self-
isolation, quarantine and sickness as a result of COVID-19 did
not change substantially between R1 and R3. The overall impact
on national anaesthesia staffing was: 12% loss in October 2020,
15% loss in December 2020 and 29% loss in January 2021.

The redeployment to critical care increased the critical care
workforce by approximately 38% in October 2020, rising to an
approximately 125% increase in January 2021.

A progressive decrease in anaesthesia and surgical activity was
reported across the UK, with the highest impact in R3. Among all
respondents, the average proportion of theatres closed increased
from 15% in R1to 42% in R3 (Figure 8.7). Regionally, the steepest
rises in theatre closures were in London and the East and South
East of England regions, which all had among the lowest rates of
closure until R3. In R3, five regions (42%) had more than 50% of
their normal theatre capacity closed, eight (67%) more than 40%,
and ten (83%) more than 30%.

Figure 8.6 Impact on anaesthesia and critical care staffing levels. Total number of anaesthetists and/or intensivists off work or redeployed to ICU
activities as a result of COVID-19, in R1 M (October 2020), R2 M (December 2020) and R3 M (January 2021) from responding hospital sites.
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Figure 8.7 UK and regional variations of the average (mean| proportion of operating theatres closed compared with the same period the previous year,

at R1 ® (October 2020), R2 ® (December 2020) and R3 ™ (January 2021)
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The overall use of external sites to maintain surgical activity East) external theatre expansion exceeded theatre closures. This
decreased from R1(10%) to R3 (8%) (Figure 8.8). While some reduced to two regions (East of England and London) in R2 and
regions were able to maintain external surgical capacity between  in R3 theatre closures exceeded external expansion in all regions.

R1and R3 (London and South East England both maintained
>10%), this reduced in many (eg North West England 10% to
8% and Yorkshire and the Humber 12% to 7%) and increased
in only one (East of England 14% to 15%). In R1, in five regions
(East of England, London, South East, South West and North

In those theatres that were open, theatre activity declined in all
rounds compared with the corresponding previous year (Figure
8.9). Between R1and R3, near-normal productivity (75-100%) fell
from 48% to 32% and operating at less than 50% productivity
increased from 10% to 27%.

Figure 8.8 UK and regional variations in the capacity to expand theatre activity to external locations. Expansion is provided as the proportion of
theatres that are open at external locations compared to the total number of theatres that were open the previous year, at R1 B (October 2020),
R2 W [December 2020) and R3 M (January 2021).
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Figure 8.9 Proportion of respondents reporting theatre productivity in theatres that were open/working, compared with the same period the previous
year, at R1 M (October 2020), R2 M (December 2020) and R3 ™ (January 2021)
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Surgical activity, compared with 12 months previously, reduced at less than one third of the previous year’s activity and cancer
in all rounds of the survey, but most markedly in R3 (Figure 8.10). surgery was reduced by more than one third. Regional variation
At all times, the greatest impacts were, in descending order, in impact was noted, particularly among paediatric and non-
paediatric, non-cancer elective, cancer and emergency surgery. cancer surgical activity (Figures 8.11-14).

In R3, paediatric and non-cancer elective surgery activity were

Figure 8.10 Average UK percentage of surgical activity at RT M (October 2020), R2 M (December 2020) and R3 M (January 2021) compared with the
corresponding previous year’s activity
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Figure 8.11 UK and regional variations in the average percentage of paediatric surgery activity at Rl M (October 2020), R2 M (December 2020) and
R3 ¥ (January 2021) compared with the corresponding previous year’s activity
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Figure 8.12 UK and regional variations in the average percentage of non-cancer elective surgery activity at R1 B (October 2020), R2 B (December
2020) and R3 ¥ (January 2021) compared with the corresponding previous year’s activity
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Figure 8.13 UK and regional variations in the average percentage of cancer surgery activity at R1 @ (October 2020), R2 ® (December 2020) and
R3 ¥ (January 2021) compared with the corresponding previous year’s activity
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Figure 8.14 UK and regional variations in the average percentage of emergency surgery activity at R1 B (October 2020), R2 ® (December 2020) and
R3 ¥ (January 2021) compared with the corresponding previous year’s activity
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Measured over a 24 h period, in R1 and R2 overall surgical Figure 8.15 Proportion of operations (%) completed over a 24-h period,
activity was reduced by a little over one quarter compared with from responding hospital, sites compared with the previous year, at R

12 months previously (Figure 8.15). This equates to approximately (October 2020}, R2 (December 2020) and R3 (January 2021). Blue =
5000 operations not performed each day in the NHS. In R3 denotes the proportion of active surgical cases completed and purple ®
surgical activity was reduced by 54% compared with 12 months
previously; this is equivalent to 9770 operations lost per day
across the UK and more than 2 million per year.

the proportion of lost surgical cases that were completed on the same
date the previous year.
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Qualitative open responses for factors facilitating the delivery
of perioperative care included staff flexibility (eg new rotas,
extra shift work), use of virtual communication and presence

of separate low-risk COVID-19 areas (Appendix 8.1). Barriers
included staffing issues, critical care bed and theatre availability.
Although themes were similar during R1 and R3 (Appendix 8.1)
in R1, issues surrounding personal protective equipment supply
and testing facilities were reported, whereas cessation of elective
work only featured in R3, in which there was also an increase

in number of respondents reporting lack of staff and space
compared with R1.

Discussion

The three rounds of this service evaluation have provided a

clear picture of increasing systemic stress and disruption of
anaesthetic and peri-operative services throughout the UK, as a
consequence of the second wave of the COVID-19 pandemic
and the need to support increased critical care demand. During
rounds 1and 2, anaesthetic staff and perioperative services

were significantly impacted by the pandemic. Staff and space
constraints had the greatest impact. Surgical activity was reduced
by both significant closure of operating theatres and reduced
activity within those that were open. Some mitigation of this was
achieved by relocation of surgical activity to external sites, but in
most locations this did not fully match the reduction in surgical
activity and, overall, more than one quarter of all surgical activity
was lost. Paediatric and non-cancer surgery were most impacted,
with less impact on cancer surgery and emergencies.

Round 1 of the survey was undertaken when UK COVID-19
hospital activity was increasing and shortly before much of the
UK entered lockdown in November 2020. Round 2 took place
after that lockdown was lifted and as UK COVID-19 hospital
activity continued to slowly increase. Overall, measures of
system stress increased by a small amount between October
and December 2020, including redeployment of staff from
anaesthesia to critical care and, by December, approximately half
of critical care units were expanded to the extent that planned
surgery could not be safely undertaken.

Round 3 took place shortly after the peak of the second surge
and showed that the system was close to breaking point.

The number of open operating theatres fell further, as did
efficiency in those that were open. Hospitals were less able

to relocate activity to other locations, although whether this
was due to staff shortage or other factors, such as contractual
arrangements, is not clear. Almost one in three anaesthetic staff
was unavailable for anaesthetic activity as redeployments more
than doubled the critical care workforce. All but one quarter

of critical care units were expanded to the extent that planned
surgery could not be safely undertaken. As a result, surgical
activity fell precipitously, with all types of surgery affected. In
hard-pressed regions, paediatric and non-cancer surgery fell to
12-20% of normal activity and even cancer surgery fell to below
half normal activity.

In rounds 1and 2, reduced perioperative capability led to a
decrease in surgical activity of a little over one quarter compared
with previous years. In Round 3, surgical activity decreased to
below half of normal. With estimates of NHS surgical activity, in
which anaesthetists are involved, being approximately 4 million
episodes per year (Sury 2014), these figures represent an annual
loss of surgical activity of approximately 1-2 million cases per
year. In the spring of 2020, almost all planned surgical activity
ceased and, despite explicit efforts to resume and maintain this
from July 2020 onwards, it is clear that this has been hampered.
Other sources make similar estimates of surgical workload lost -
with numbers of patients added to waiting lists being estimated
as approximately 1.5-2 million (Dobbs 2021) and 2 million (BMA
2021). When this accumulated surgical activity is added to pre-
existing waiting lists, cumulative waiting lists now are estimated to
be between 4.5 [Dobbs 2021) and 7.5 million (BMA 2021).

Optimistically, control of COVID-19 in the UK will be achieved by
a combination of prolonged lockdown and extensive vaccination
(Cook 2021). Resumption of surgical activity and perioperative
services will need to go hand in hand with decompression and
step-down of expanded critical care provision (ICM 2021, FICM
2020a3). Our data illustrate very clearly that anaesthetists (and in
all probability other healthcare providers working in operating
theatres) have been central in the critical care response to the
pandemic, and that they will have been similarly impacted. It is
acknowledged that as a consequence of increased amount and
intensity of workload, decreased leave, psychological burden
and moral injury the physical and psychological needs of the
workforce must be considered in planning recovery of non-
COVID healthcare services (Price 2021).

There is a marked regional variation in most of the measures

we have examined. To some extent, this variation may reflect
temporal variations in the impact of the pandemic on different
geographical regions. However, as well as variation in demand,
different regions may vary in baseline capacity and ability to
expand services. In regions or hospitals with lower numbers of
critical care beds per head of population or staff per hospital
bed, relatively smaller rises in community prevalence of
COVID-19 might lead to higher system stress. For instance,
London has approximately 10 critical care beds per 100,000
head of population, compared with the South West, where the
figure is less than 6 (Batchelor 2020). This perhaps partially
explains why we observed similar impacts on service delivery in
London and the South West region despite them having almost
four-fold differences in rates of critical care occupancy per head
of population in the three periods of the survey (ICNARC 20213).

The surveys in part illustrate the pressure points in the current
system. These are clearly space and, most particularly, staff.
The fact that critical care expansion requires redeployment of
substantial numbers of anaesthetists is likely to have important
implications for at least the next year, as critical care services
work flexibly to address fluctuations in demand or stepwise
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expansion. This in turn will have important implications for
addressing surgical waiting lists. Expansion of both space and
anaesthetic workforce are likely to be inevitable requirements.

There is some evidence that we sampled from hospitals with less
systemic stress. The hospitals that responded, likely to represent
between one third and half of all critical care units, reported
approximately 900 mutual aid admissions in December 2020
to January 2021. This is broadly consistent with data from the
Intensive Care Research and Audit Centre, which recorded 1971
transfers between critical care units in December 2020 and
January 2021, including 1634 for mutual aid (ICNARC 2021b),
compared with 54, 12 months previously (NHS Digital 2020a).
Our respondents reported 50% more mutual aid admissions

to their hospitals than transfers out, and as each mutual aid
transfer must have a decompressing and receiving unit, this
provides some support for the idea that we preferentially
sampled from less systemically stressed sites.

There are some limitations to our surveys. We have had
decreasing response rates, falling to 50% in round 3. In normal
circumstances, some will consider response rates of above 60%
to be necessary to be judged representative of the population
sampled. Others regard 40% as sufficient (Story and Tait

2019). Our surveys specifically targeted departments during a
pandemic, including when capability pressures were increasing
or saturated and survey responses were required rapidly. It

is plausible, and perhaps likely, that within regions the more
systemically stressed hospitals were less likely to respond and
the data support this supposition. It is therefore also plausible
that the results of the survey underestimate the true extent of
the ‘system stress’ due to failure to capture data from the most
stressed part of the system. This is likely to be most marked when
overall clinical pressure was highest, in round 3. The surveys
required respondents to compare activity at the time of the
survey to activity a year previously and also to measure activity

over 24 h. In some cases, the responses were estimated but
subanalysis of only those reported as accurate did not change
the overall results. Finally, for some regions, only a small number
of hospitals replied so that these regional results may be less
reliable.

In conclusion, we have documented the systemic stress on
anaesthetic and perioperative services during the second wave
of the COVID-19 pandemic in the UK. This shows growing
pressures between October and December 2020 because

of critical care demands, predominantly on staff and space.

Falls in surgical activity by having to close operating theatres
and reduce activity was mitigated by use of resources in

other locations. In January 2021, shortly after the peak of

the second surge, there is evidence that systemic resilience

was overwhelmed; almost one third of anaesthesia staff were
unavailable and surgical activity reduced to less than half,
impacting all surgery, including cancer surgery and emergencies.
At all times the greatest resource limitation was staffing,
followed by space. The findings have important implications

for understanding what has happened during the COVID-19
pandemic and for planning recovery and building a system that
will be better able to respond to future waves or new epidemics.

ACCC-Track 4 and 5

As part of the NAP7 launch (Chapter 6 Methods), ACCC-Track
round 4 survey was sent out as part of the Local Coordinator’s
Baseline Survey aimed at assessing the national overview of

the COVID-19 impact on anaesthetic and surgical activity in
June 2021. The survey questionnaire followed the previous
format of the previous three rounds. A shortened version of
ACCC-Track, round 5, was finally launched in August 2022

and closed in October 2022. We received a total of 90 and 75
responses for round 4 and round 5, respectively. Because of the
limited response rate, data from these rounds were not analysed.
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Appendix 8.2

Red-amber-green rating: minimum
requirements for restarting elective
surgery and procedures

From: FICM (20203)

Within each category, preparedness for a return to activity
is RAG-rated; that is, red (not ready for a return),
(close to being ready for a return) and (ready for a return).

Space
B Baseline capacity: maximum critical care bed capacity
before the pandemic.

B Expanded capacity: maximum critical care bed capacity
achieved to manage the increased workload associated
with the pandemic.

RED

B Critical care occupancy close to expanded capacity.

B Patients in temporary ICUs in operating theatres scheduled
for elective use or in other locations to be used in the surgical
pathway (eg post-anaesthesia care unit or surgical ward).

B No planning for creating COVID-19-positive and
COVID-19-negative patient separation in critical care
facilities to accommodate planned and unexpected
admissions after elective surgery.

Critical care occupancy reduced from expanded capacity
and approaching baseline capacity.

Other hospitals in the regional ICU network still using
temporary ICU facilities, including the use of paediatric
ICUs for adult patients.

Plans for COVID-19-positive and COVID-19-negative critical
care beds and pathways in development but not complete.

Critical care occupancy close to 85% of baseline capacity.

COVID-19-positive and COVID-19-negative critical care bed
and pathway separation enacted and effective.

Staff

RED

B Theatre staff, perioperative care staff and anaesthetists still
significantly committed to critical care duties.

B Critical care staffing ratios significantly higher than pre-
pandemic levels and reliant on non-ICU staff.
B Out-of-hours resident on call duties being performed by

consultant and specialist, associate specialist and specialty
(SAS) anaesthetists.

B Shielded and higher-risk anaesthetists not performing
patient-facing activities.

Working patterns of anaesthetic, theatre and perioperative
care staff of all professions still significantly impacted by
pandemic surge conditions and recovery from these.

Critical care staffing ratios above pre-pandemic levels
or reliant on non-ICU staff.

Trainee on call rotas restored but less than normal number
of trainees available for work.

Plans in place for sufficient numbers of consultant and SAS
anaesthetists to be available to provide cover for planned
surgical activity, but not yet fully in place.

Planning for adequate staff numbers to restart non-theatre
anaesthetic activities such as preoperative assessment,
acute pain rounds and perioperative medicine activity

but adequate numbers not yet available.

Planning for returning higher-risk anaesthetists to
patient-facing activities after appropriate risk assessments
but not yet implemented.

Elective surgical pathways fully staffed by intact theatre
and perioperative care staff rotas.

Critical care staffing ratios at or near pre-pandemic levels.

Trainee on call rotas restored with normal numbers of
trainees.

Sufficient numbers of consultant and SAS anaesthetists
available to provide normal staffing levels for the planned
surgical activity to be delivered.

Non-theatre activities ready to be restarted.

Higher-risk anaesthetists returned to patient-facing activities
where appropriate.

Stuff (equipment)
RED

B Equipment used in surgical pathways still in extensive use
for critical care patients (eg anaesthetic machines and
infusion pumps).

B Shortages of personal protective equipment (PPE) and other
equipment necessary for effective infection control.

B Non-availability or low stock levels of key drugs used
in critical care and anaesthesia such as first-line choice
of neuromuscular blocking drugs, opioid analgesics,
hypnotics, sedatives, inhalational anaesthetics, inotropes
and vasopressors.

B Non-availability of postoperative critical care equipment
either in general ICU capacity or for specific forms of
support such as renal replacement therapy or non-invasive
ventilation.
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Adequate numbers of anaesthetic machines and infusion
pumps available but insufficient in reserve in case of damage
or machine malfunction.

Stocks of PPE and other equipment necessary for effective
infection control adequate for potential increases in critical
care activity and increasing surgical activity but supply chain
not assured.

Stocks of key drugs used in critical care and anaesthesia
adequate but uncertain resupply through normal supply
chain routes.

Postoperative critical care capacity limited and in
competition with ongoing COVID-19 requirements.

Minimal equipment usually used in the surgical patient
pathway in use in critical care, with adequate equipment
in reserve in case of damage or machine malfunction.
Adequate stocks of PPE and other equipment necessary
for effective infection control for potential critical care
and planned surgical activity with assured supply chain.

Adequate supplies of key drugs used in critical care
and anaesthesia with secure supply chain identified.

Good availability of critical care capacity and all relevant
organ support modalities.

Systems
RED

B COVID-19-positive and COVID-19-negative pathways
for surgical care not developed or implemented.

B COVID-19 testing not sufficiently available for patients
and staff.

B Anaesthetic services key to supporting theatre activity
not active (eg preoperative assessment, acute pain service
and perioperative medicine activity).

COVID-19-positive and COVID-19-negative pathways
for surgical care planned but not yet implemented.

COVID-19 testing available for patients and staff, with clear
policies in development for how testing can protect staff,
protect patients and facilitate efficient surgical services.

Staffing and facilities for anaesthetic services key to
supporting theatre activity available.

Policies in development for the rational prioritisation of
surgical patients as theatre capacity becomes available
but does not yet fully match demand.

Policies in development for the rational prioritisation of

surgical patients as critical care capacity becomes available
but does not yet fully match demand.

COVID-19-positive and COVID-19-negative pathways
for surgical care fully implemented.

Anaesthetic services key to supporting theatre activity
functioning well.

COVID-19 testing available for patients and staff, with clear
policies in place for how testing will protect staff, protect
patients and facilitate efficient surgical services.

Policies for the rational prioritisation of surgical patients as
theatre capacity becomes available are fully implemented.
Policies implemented for the rational prioritisation of surgical
patients as critical care capacity becomes available.

Implementation

If any of space, staff, stuff or systems are RAG-rated ‘red’, then
planned surgery should not restart. When all four are RAG-rated
’ " it is likely that planned surgery can proceed and move
towards normal activity. When any of the four are RAG-rated

. it will not be possible to undertake normal levels of
planned surgical activity and it may not be safe to undertake any.

Intensive care unit Staged Resurgence Plan
From: FICM (2020b).
SRP1 Continuing endemic COVID-19 activity.

SRP2 Increasing demand for critical care services that can be
met within current established capacity.

SRP3 Demand for critical care exceeds current established
capacity, requiring mobilisation of expanded capacity.
SRP4 Demand for critical care exceeds established capacity

with a likelihood that it will occupy maximum expanded capacity.

SRP5 Demand for critical care exceeds maximum expanded
capacity; need for transfer of critically ill COVID-19 patients to
external facilities.
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Anaesthesia and Critical Care
COVID-19 Tracking survey results

The remainder of results are provided in Tables 8.1-8.4 and
Figures 8.16-8.42. Questions surrounding turnaround times/
fallow times (question 43 and 44) during round 1 (October 2020)
have been omitted for analysis because it appeared that the
question was misinterpreted by many responders.

Table 8.1 Themes of the main problems and barriers in delivering

perioperative care in the responding hospitals during the
COVID-19 pandemic

Table 8.2 Themes of the main facilitators and enablers in

delivering perioperative care in the responding hospitals during
the COVID-19 pandemic

October 2020 January 2021 October 2020 January 2021
Main barriers Main facilitator
(n) e (n)n

Staffing issues 34 57 Separate non-COVID-19 areas 42 31
Bed availability (including 23 35 (ie green pathways, sites, etc)
inpatient and ICU beds) Good teamwork 30 5
Problems with testing 16 2 Flexibility of staff (new rotas, 24 28
Lack of theatre availability n 18 extra shifts)
(with some areas labelled as ‘red’) Testing 15 7
Problems with availability of PPE 12 Effective leadership 14 0
Unclear protocols (step-down, 7 Use of the private sector 12 3
PPE guidelines, preassessment) Positive staff attitude 1l 0
Staff fear and wellbeing concerns Good supply of PPE 9 1
Poor communication from 2 Virtual communication for 8 4
senior management preassessment
IT issues prevented virtual clinics 2 Planning 7
No elective surgery planned 0 Good communication 5
Patient surge 0 14 Training staff on new protocols 5 0
* Some responses included more than one barrier. and PPE use
PPE, personal protective equipment. Additional funding 2 0
IT, information technology. o

Prioritisation 0 7

E ion of theat i 0 4

Table 8.3 Themes of the main problems and barriers in delivering critical xpansion of theatre capacity
Vaccination 0 3

care services in the responding hospitals during the COVID-19 pandemic

anuary 2021

Main barriers J ry

(n)"
Staffing issues 58
Bed availability (including 28
inpatient and ICU beds)
Problems with testing 1
Lack of theatre availability 1
(with some areas labelled as ‘red’)
Personal protective equipment 1
Patient surge 8

* Some responses included more than one barrier.

* Some responses included more than one answer.

PPE, personal protective equipment.

Table 8.4 Themes of the main facilitators and enablers in delivering critical
care services in the responding hospitals during the COVID-19 pandemic

January 2021

Main facilitator

(n)4v
Separate non-COVID-19 areas 3
(ie green pathways, sites, etc)
Good teamwork 6
Flexibility of staff (new rotas, 34
extra shifts)
Prioritisation 1
Use of the private sector 1
Expansion of theatre capacity 12
* Some responses included more than one facilitator.
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Figure 8.16 Regional variations in the proportion of respondents that reported red B (not able to resume planned surgery), amber ' (nearly able to
resume planned surgery) or green M (able to resume planned surgery) for ‘space’ in the space, staff, stuff (equipment) and systems’ categories for R1
(October 2020), R2 (December 2020), R3 (January 2021
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Figure 8.17 Regional variations in the proportion of respondents that reported red B (not able to resume planned surgery), amber I (nearly able to
resume planned surgery) or green M (able to resume planned surgery) for ‘staff’ in the space, staff, stuff (equipment) and systems’ categories for R1
(October 2020), R2 (December 2020), R3 (January 2021
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Figure 8.18 Regional variations in the proportion of respondents that reported red B (not able to resume planned surgery), amber I (nearly able to
resume planned surgery) or green M (able to resume planned surgery) for ‘stuff’ in the space, staff, stuff [equipment) and systems’ categories for R1
(October 2020), R2 (December 2020), R3 (January 2021
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Figure 8.19 Regional variations in the proportion of respondents that reported red B (not able to resume planned surgery), amber ' (nearly able to

resume planned surgery) or green M (able to resume planned surgery) for 'systems’ in the space, staff, stuff [equipment) and systems’ categories for R1

(October 2020), R2 (December 2020), R3 (January 2021
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Figure 8.20 Opinion regarding the delivery of perioperative care based
on five-point Likert scaling rate. Proportion of respondents reporting on
the change in the delivery of care at R2 M (December 2020) and R3 ®
(January 2021) compared with the previous survey round.
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Perioperative care
Figure 8.21 Opinion regarding the delivery of critical care services based
on a five-point Likert scale rate. Proportion of respondents reporting on

the change in the delivery of care at R3 (January 2021) compared with R2
(December 2020).
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Figure 8.22 Proportion of respondents reporting on the presence and

location of a designated ‘low/er risk’ COVID-19 theatre area/suite, at
R1 ™ (October 2020), R2 ® (December 2020) and R3 ™ (January 2021
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Figure 8.23 Regional variations in the proportion of respondents reporting on the presence and location of a designated ‘low/lower risk’ COVID-19

theatre area/suite, at R1 (October 2020), R2 (December 2020) and R3 (January 2021). The presence of ‘on site and external locations' is represented by

purple M, ‘on site only’ locations by yellow
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Figure 8.24 Proportion of total anaesthesia/critical care staff by grade across responding hospital sites, in October 2019 M, October 2020 M and the

percentage increase M in staffing levels (October 2020 vs 2019)
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Figure 8.25 Proportion of respondents reporting on the length of self-
isolation required for elective adult surgery at their hospital site,

at R1 (October 2020). Responses from hospitals performing adult
surgery only included. PCR, Polymerase chain reaction.
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Figure 8.27 Proportion of respondents reporting on the preoperative
COVID-19 symptom screening requirements for elective adult surgery
at their hospital site, at R1 (October 2020). Responses from hospitals
performing adult surgery only included.

w 80% -
K4
f=
1]
2 o
S 60% -
a
)
¢
% 40% -
c
X
5 20% -
Q
e
& 0% - 7 7 7 ;
& A P 'S S 2 ¢
[N J & XN ,
P& I& < & & NS S
LFESFSS & £ 08 &
LT LS L g & OF
& é@’ O £ Y o &
K Q‘@i@ 3\ < o eé’
‘°° & ‘Oe’ Q \Q 0
) A Q
' &
@ s\
@

COVID-19 symptoms screening

CT1-CT3 Anaesthesia Other

associates

Figure 8.26 Proportion of respondents reporting on polymerase chain
reaction (PCR) antigen SARS-CoV-2 preoperative testing requirements
for elective adult surgery at their hospital site, at R1 (October 2020).
Responses from hospitals performing adult surgery only included.
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Figure 8.28 Proportion of respondents reporting on the type of patient
flow arrangements for elective adult surgery at their hospital site, at R1
(October 2020). Responses from hospitals performing adult surgery only
included.
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Figure 8.29 Proportion of respondents reporting on any change in green/low COVID-19 risk theatre pathways for elective adult surgery at their
hospital site, at R2 M (December 2020) and R3 M (January 2021) compared with the previous survey round. Responses from hospitals performing adult
surgery only included.
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Figure 8.30 Proportion of respondents reporting on the individual self- Figure 8.31 Proportion of respondents reporting on the length of self-
isolation requirements for elective paediatric surgery at their hospital isolation required for elective paediatric surgery at their hospital site at R1
site, at R1 (October 2020). Responses from hospitals performing elective (October 2020). Responses from hospitals that require self-isolation for
paediatric surgery only included. performing elective paediatric surgery only included. PCR, polymerase
" chain reaction.
g 40% o 80% -
: ;
2 30% o
¢ S 60% -
[ Q
5 20% $
3 % 40% -
2
g 10% 5
o T 20% -
& 0% s
Household Patient Patient No self- & 0%
& carer isolation Fromday 14days 3days 7days 2days Other
- . . of PCR
Individuals required to self-isolate test

Figure 8.32 Proportion of respondents reporting on polymerase chain Length of self-isolation

reaction (PCR) antigen SARS-CoV-2 preoperative testing requirements
for elective paediatric surgery at their hospital site, at R1 (October 2020).
Responses from hospitals performing elective paediatric surgery only

included.
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Figure 8.33 Proportion of respondents reporting on the preoperative
COVID-19 symptom screening requirements for elective paediatric
surgery at their hospital site at R1 (October 2020). Responses from
hospitals performing elective paediatric surgery only included.

at R1 (October 2020). Responses from hospitals performing elective
paediatric surgery only included.

flow arrangements for elective paediatric surgery at their hospital site

Figure 8.34 Proportion of respondents reporting on the type of patient
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Figure 8.35 Proportion of respondents reporting on the individual self-
isolation requirements for elective obstetric surgery at their hospital site
at R1 (October 2020). Responses from hospitals performing elective
obstetric surgery only included.
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Figure 8.36 Proportion of respondents reporting on the length of self-
isolation required for elective obstetric surgery at their hospital site at R1
(October 2020). Responses from hospitals that require self-isolation for
performing elective obstetric surgery only included. PCR, polymerase
chain reaction.
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Figure 8.37 Proportion of respondents reporting on polymerase chain Figure 8.38 Proportion of respondents reporting on the preoperative
reaction (PCR) antigen SARS-CoV-2 preoperative testing requirements COVID-19 symptom screening requirements for elective obstetric surgery
for elective obstetric surgery at their hospital site at R1 (October 2020). at their hospital site at R1 (October 2020). Responses from hospitals
Responses from hospitals performing elective obstetric surgery only performing elective obstetric surgery only included. PCR, polymerase
included. chain reaction.
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Figure 8.39 Proportion of respondents reporting on the type of patient

flow arrangements for elective obstetric surgery at their hospital site at R1

(October 2020). Responses from hospitals performing elective obstetric
surgery only included.
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COVID-19 and anaesthetic activity

Figure 8.40 Proportion of respondents reporting on the level of personal protective equipment (PPE) precautions for anaesthesia-related procedures
for a COVID-19 low-risk pathway at R1 (October 2020). PPE arrangements include ‘airborne’ I (green), ‘droplet” ® (blue), ‘contact’ * (yellow) and 'no’
M (grey| precautions.
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Figure 8.41 Proportion of respondents reporting on the level of personal protective equipment (PPE) precautions for anaesthesia-related procedures
for a COVID-19 high-risk pathway at R1 (October 2020). PPE arrangements include ‘airborne’ ™ (green), ‘droplet’ ® (blue), ‘contact’ ' [yellow) and 'no’
M (grey| precautions.
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COVID-19 and anaesthetic activity

Figure 8.42 Proportion of respondents reporting the location of
supraglottic airway removal for COVID-19 low-risk pathways at R1
(October 2020). Locations include in recovery only M, in theatre
only ® and both recovery and theatre M.
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NAP7 Local Coordinator survey of organisational
preparedness for perioperative cardiac arrest

Jasmeet Soar

Andrew Kane Tim Cook

Key findings

A total of 199 UK NHS anaesthetic departments responded
to the organisational survey, a response rate of 72%.

Approximately two thirds of respondents described their
hospital as a district general hospital and one third as a
teaching hospital.

Twenty-one hospitals (11%) were specialist children’s
hospitals with an on-site paediatric intensive care unit
(PICU).

Of the 165 hospitals caring for children, 144 (87%) did not
have a PICU on site and had systems in place to stabilise
critically ill children before retrieval to a specialist children’s
hospital.

Remote site anaesthesia occurred in 182 (91%) hospitals.
The top three most common subspecialties working in
remote sites were diagnostic or interventional radiology
(60%), interventional cardiology (34%) and dental surgery
(30%).

The proportion of departments using anaesthetic rooms to
induce anaesthesia in adults decreased from 86% before
the COVID-19 pandemic to 79% in summer 2021; for
children, the use of anaesthetic rooms decreased from
84% to 79%.

During COVID-19, 82% of departments anaesthetised
adults and 73% of departments anaesthetised children in
operating rooms.

Jerry Nolan

Felicity Plaat Richard Armstrong

In 80% of anaesthetic departments an emergency bell was
located in the anaesthetic or operating room (main theatre
complex) to call for help in the event of an emergency.

More than one in three departments that undertook
remote site anaesthesia had a different standard procedure
to call for help compared with the one used for the main
theatre complex.

While most departments had ready access to resuscitation
guidelines, in 17 (9%) departments there was no physical
access fo emergency resuscitation guidelines and
anaesthetists had to rely on their memory and use of their
own electronic devices to access guidelines.

There was good provision of emergency equipment in
every theatre suite where anaesthesia takes place in the
UK. Access to a defibrillator was available in 193 (99%)
departments but advanced airway equipment was not
available in 7% of departments and a difficult airway trolley
in 3% of departments.

Paediatric advanced airway equipment was not available

in 15% of departments in all locations where paediatric
anaesthesia takes place. A defibrillator with paediatric pads
was accessible in 97% of departments.

Advanced airway equipment (ie videolaryngoscopy,
flexible optical laryngoscope) or a difficult airway trolley
was not available in over 50% of departments in all remote
locations where anaesthesia is undertaken, whereas a
defibrillator was not available in approximately 10% of
remote sites.
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Baseline Survey: organisational

B Approximately 15% of hospitals that have an on-site
emergency department do not have advanced airway
equipment or a difficult airway trolley in their emergency
departments.

B There was a departmental resuscitation lead in 58% of
anaesthetic departments.

B Yearly updates in chest compressions were available in 76%
of departments and in defibrillation in 67% of departments.

B A departmental wellbeing lead was available in 54% of
departments and a departmental policy for staff wellbeing
and support in 42% departments.

B Debriefing after a perioperative cardiac arrest was available
immediately after an event (‘hot’ debrief) in 72% of
departments and after a delayed period (‘cold’ debrief)
in 75% of departments.

B Access to a peer support programme following a
perioperative cardiac arrest was available in 29% of
departments.

What we already know

Perioperative cardiac arrests are rare but there is an expectation
that locations providing anaesthetic care have the staff,
equipment and processes in place to treat cardiac arrest when it
occurs. The Resuscitation Council UK (RCUK] quality standards
include the recommendation that hospitals should provide
annual training updates in cardiopulmonary resuscitation and
have emergency equipment available as a standard of care
(RCUK 2020). The Royal College of Anaesthetists’ Guidelines for
the Provision of Anaesthetic Services (GPAS) 2023 recommend
that departments should have emergency equipment
immediately available in all areas where anaesthesia takes place,
including a defibrillator and difficult (sdvanced) airway equipment
for children and adults (RCoA 20233, 2023c).

The aims of the Local Coordinator Baseline Survey were to
identify organisational issues relevant to perioperative cardiac

arrest at hospital and departmental level, such as the structure
and organisation surrounding equipment, workforce, training and
support.

Within this survey, an immediately available defibrillator was
defined as one that enabled defibrillation to be delivered within
three minutes of cardiac arrest (RCUK 2020). A remote site

was defined as any location where immediate support from
another anaesthetist is not available, including those away from
a main theatre complex or anaesthetic department. We used
the term ‘advanced airway equipment’ to refer to access to
videolaryngoscopes and fibreoptic scopes and ‘difficult airway
trolley” to refer to a specific trolley designed for management of
the difficult airway.

What we found

The following analysis includes responses from NHS hospital
sites only. Results from the Independent sector are discussed in
Chapter 14 Independent sector.

For this stage of the project, we identified 416 NHS hospital sites
(within 182 NHS trusts or boards) that deliver anaesthesia care
in the UK, staffed by 277 anaesthetic departments. These 277
anaesthetic departments were represented by 328 NAP7 Local
Coordinators, with some departments having more than one
Local Coordinator to cover multiple hospitals. An online survey
via SurveyMonkey® (Momentive, Niskayuna, NY, USA| was
distributed to all Local Coordinators and the survey remained
open for approximately nine months (Chapter 6 Methods).

We asked that only one survey was completed per anaesthetic
department and that the Local Coordinator completed this for
their main hospital site.

Responses were received from 199 Local Coordinators, a 72%
response rate (199/277) for anaesthetic departments, with the
relevant Local Coordinators having responsibility for 288 (69%)
of all 416 NHS hospitals sites. The response rates are shown in
Figure 9.1.

Figure 9.1 Survey response rates from anaesthetic departments according to UK regions (n = 199)
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Baseline Survey: organisational

Hospital and anaesthesia services

All'197 (100%) responding departments reported that anaesthesia
care was delivered by consultants or specialist, associate
specialist and specialty (SAS) anaesthetists, 179 (91%) by
anaesthetists in training and non-training positions, 52 (26%)

by anaesthesia associates (including anaesthesia associates in
training) and 14 (7%) by operating department practitioners or
anaesthetic nurses (Figure 9.2).

Figure 9.2 Type of anaesthesia staff delivering anaesthesia in UK
departments of anaesthesia (n = 197)
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A total of 188 (95%) departments provided adult and 165 (84%)
paediatric anaesthesia care; 32 (16%) hospitals delivered adult
and 9 (5%) paediatric anaesthesia care only. There were 131 (66%)
anaesthetic departments in district general hospitals and 59
(30%) in teaching hospitals. The type of hospitals and specialist
services offered in the responding hospitals are shown in Figure
9.3. Access to specific emergency care services including
intensive care and the emergency department is shown in Figure
9.4.

Of the responding hospitals, 162 (83%) of 195 sites had an
emergency department, 174 (89%) an adult critical care unit (level
2 and/or level 3 care) and 79 (41%) a surgical enhanced level
care unit (Figure 9.4). Some 21 (11%) of 195 responding hospitals
were specialist tertiary paediatric centres with a PICU, whereas
78 (40%) hospitals had an on-site paediatric high dependency
unit and 101 (52%) hospitals a neonatal intensive care unit (Figure
9.4).

With regard to 24-hour access to on-site emergency
interventional treatments, primary percutaneous coronary
intervention was available in 61 (31%) of 195 hospitals,
interventional radiology in 83 (43%) hospitals and extracorporeal
membrane oxygenation or extracorporeal cardiopulmonary
resuscitation (ECMO/eCPR) in 18 (9%) hospitals. Of the 27 (14%)
hospital sites that reported being cardiac surgery centres, 15
(56%) of them offered ECMO or eCPR.

Figure 9.3 Type of hospital and the delivery of specialised services, reported as proportion of hospitals (n = 197)
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Baseline Survey: organisational

Figure 9.4 Proportion of hospitals with 24-hour on site access to specific emergency care services and therapy (n = 195). ECMO/eCPR, extracorporeal
membrane oxygenation or extracorporeal cardiopulmonary resuscitation. Yes M, No M, Don't Know M.
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Stabilisation of children in hospitals without
a paediatric intensive care unit

In total, 165 (84%) of 197 hospitals admitted children and 154
(78%) undertook paediatric surgery. Only 21 (13%) of the 165
hospitals that admit children have a PICU, meaning that 144
(87%) hospitals may need to transfer critically ill children to

a tertiary centre. The stabilisation of critically ill children (in
operating rooms, the emergency department or ward) before
retrieval to a specialist tertiary children’s hospital is managed by
both the anaesthetic and critical care team in 73 (51%) of 144
hospitals without a PICU, only the anaesthetic team in 53 (37%)
hospitals and only the critical care team in 18 (13%) hospitals
(Figure 9.5). Anaesthetists with specialist training in paediatric
anaesthesia were routinely available to help with resuscitation in
33 (23%) of 144 responding hospitals without a PICU.

Figure 9.5 Proportion of anaesthesia and critical care staff involved
in stabilisation of children in hospitals without a PICU before retrieval
to a specialist children’s hospital (n = 144)
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Baseline Survey: organisational

Remote site anaesthesia
Of the 197 responding departments, 182 (92%) reported

remote site anaesthesia. The five most common subspecialties
undertaken remotely were (and the proportion of departments
providing remote anaesthesia; Figure 9.6):

m diagnostic or interventional radiology in 109 (60%)
cardiac catheterisation in 62 (34%)

dental surgery in 55 (30%)

electroconvulsive therapy in 53 (29%)

|
|
|
m  ophthalmic surgery in 50 (27%).

Figure 9.6 Proportion of departments reporting surgical and non-surgical anaesthetic sub-specialties undertaken at a remote site within their hospital
(n=182)

70% -
" 60%
[=
£ 60% -
£
t
& 50% -
(]
0
>
2 40% -
=
a
w
2 30% - " 25% 249 240
S 21% 21%
° 9%
S 20% - * 14% 130,
% N% 1% 1%
a 7.1%
o 10% - 66/55/49/44/44/33/ .
a l 27%2.2% 1.6% 1.6% 1.6% 11% 0.5% 0.5%

X 2 & & > 2 .2 L .o S > &
\OG\Q"’ & -é‘d\oé’\Qq’\ & \o@\oq O?C\ S \o%«‘,> Q«O e&g@‘} e}o > :‘,\‘o.gx'bd & \os’\;zx“ N i\\s\ QC\Q &d 3 d\“ &K
'235\0 & ° ~\é\ & ne’\wxq}o @oo\"é&é‘ S \04‘ ’“@%\o & < Q\b\éo ,§-° & ° ‘b‘j S & o"é ‘§Q° 5‘@&9‘,
Q'2'>""<J Q‘,sé&lb ° oé\(;\& & Q'Z’Q & 8‘&‘\5‘-6} & & © 'o‘}o < S t'>"°° © &
N\ & S S @ : X0 X N\ N\
& R FANROTANC S & P &8 <3 ¥
] & ¥F L P SV
(@) ¥ X O &
A4 O v bO
Y
v.
Specialty

Obstetric anaesthesia

There were obstetric units in 139 (74%) of 188 hospitals caring
for adults, with 44 (32%) of these being located at a remote site.
A total of 69 (50%) of 139 obstetric units provided remifentanil
patient-controlled analgesia for labour analgesia, with 50 (72%)
sites using them occasionally, 16 (23%) routinely and in 3 (4%)
the service was being developed (Chapter 34 Obsteftrics).

79



Baseline Survey: organisational

Location of induction of anaesthesia A similar pattern was reported for hospitals that anaesthetise
children. Before the COVID-19 pandemic, induction of

anaesthesia in children took place most commonly in anaesthetic
rooms (n =130 (84%) of 154 departments that anaesthetise
children), switched to operating rooms (n = 113; 73%) during the
pandemic and changed back to anaesthetic rooms (n = 121; 79%)
in summer 2021.

The usual location for induction of anaesthesia in adults and
children changed in the UK as a direct result of the COVID-
19 pandemic. In 2019, the most frequent place to induce
anaesthesia in adults was the anaesthetic room, reported by
161 (86%) of 188 departments that anaesthetise adults (Figure
9.7; Chapter 32 Anaesthetic rooms). During the pandemic, 155
(82%) departments anaesthetised patients in the operating room.  Overall, there was a 6% reduction in the use of anaesthetic

In summer 2021, the default location largely reverted to the rooms (adults and children) in summer 2021 compared with 2019.
anaesthetic room (n = 148; 79% of departments).

Figure 9.7 Usual location for induction of anaesthesia in adults and children in 2019 (before the COVID-19 pandemic), during the pandemic and in
summer 2021 in departments that anaesthetise adults (n = 188) and children (n = 154). AR, anaesthetic room. Anaesthetic room M, Operating room (AR
available) M, Operating room (AR not available) M, Not applicable/unknown B.
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Summoning help and emergency resuscitation

gu:delmes runner (n = 103; 52%). Less common systems, (none of which
The most common method for summoning help within the were reported by more than three, 2%, respondents) include
main theatre complex was the use of a bell in the operating or use of a fast bleep, a dedicated online chat platform, calling
anaesthetic room in 158 (80% of those reporting) departments, 999, a Vocera® (Vocera Communications, San Jose, CA, USA|
followed by shouting for help (n = 153; 78%) and sending a communication system, a whistle and an air horn (Figure 9.8).

Figure 9.8 Procedures for calling for help in the main theatre complex, may be >1 answer per respondent (n = 197)
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Baseline Survey: organisational

When calling for help in a remote anaesthesia location, 64 (35% used in main theatres. Methods included phoning '2222" [n = 49;
of the 182 sites providing remote anaesthesia care) reported 77% departments), shouting for help (n = 24; 38%) and phoning
having a different standard procedure to call for help from that for on-site assistance by other means (n = 22; 34%; Figure 9.9).

Figure 9.9 Respondents reporting different procedures to call for help outside the main theatre complex, may be > 1answer per respondent (n = 64)
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Local Coordinators reported that immediate access to printed
emergency resuscitation guidelines was not available in 17 (9%)
of 197 responding departments and anaesthetists had to rely
on their memory or personal electronic device. In 136 (69%)
departments emergency resuscitation guidelines were available
in every location where anaesthesia took place and in 40 (20%)
they were available in most but not all locations. The systems
for how anaesthetic departments provide physical access to
emergency guidelines and the type of emergency guidelines
accessible are shown in Figure 9.10 and Figure 9.11, respectively.

Figure 9.10 Methods of accessing emergency resuscitation guidelines
among those respondents with immediate physical access to these in all
or most locations where anaesthesia takes place (n = 176). More than one
response possible.

Emergency equipment and organisation

Of the 195 responding departments, 180 (92%) had immediate
access to advanced airway equipment, 188 (96%) to a

difficult airway trolley and 193 (99%) to a defibrillator in every
theatre suite/complex (Figure 9.12). Some 66 (34%) of the

193 departments had a manual-only defibrillator, 20 (10%)

an automated external defibrillator [AED), and 107 (55%) a
defibrillator with combined manual /AED functions. A total of 163
(84%) departments had a defibrillator with capacity to provide
external pacing.

In the 154 departments that conducted paediatric anaesthesia,
23 (15%) departments did not have access to paediatric
advanced airway equipment and 24 (16%) departments o a
difficult airway trolley (Figure 9.12). A defibrillator with paediatric
pads was available across 149 (97%) of 154 sites; 54 (36%) of
149 departments provided only a manual defibrillator, 15 (10%)
an AED and 80 (54%) a defibrillator with combined manual/
AED function. A total of 128 (86%) of 149 departments had a
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Figure 9.11 Emergency resuscitation guidelines available among those respondents with immediate physical access to these in all or most locations

where anaesthesia takes place (n = 176). AoA, Association of Anaesthetists; RCUK, Resuscitation Council UK.
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Baseline Survey: organisational

The availability of emergency equipment for remote site
anaesthesia is shown in Figure 9.12. Of the 180 departments
that provided remote anaesthesia care, access to emergency ‘
equipment was: advanced airway equipment in 65 (36%) e S [ o di
departments, a difficult airway trolley in 72 (40%) departments
and a defibrillator in 155 (86%) departments. Defibrillators
included manual devices in 50 (32%) of 155 departments

with remotes sites, an AED in 32 (21%) and a defibrillator with
combined manual/AED function in 73 (47%); 98 (63%) of

155 departments offered a defibrillator with external capacity
for pacing. Figure 9.13 shows a more detailed distribution of
emergency equipment in remote locations within the 180
anaesthetic departments.

Figure 9.12 Access to emergency equipment in every theatre suite (n = 195), in every theatre suite providing paediatric anaesthesia (n = 154}, and in
every remote location (n = 180). Yes M, No M, Don't Know M.
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Figure 9.13 Access to emergency equipment in remote anaesthesia locations in those departments providing this service in remote locations (n = 180),
reported as access in all remote locations, access in most (> 50%) remote locations, no access in most (> 50%) remote locations or no access in all
remote locations. All ‘yes’ M, Most (>50%) ‘yes” M, Most (>50%) ‘'no” M, All ‘'no’ B, Don't know M.

Advanced airway
equipment

Difficult airway
trolley

Defibrillator

0% 20% 40% 60% 80% 100%

Proportion of hospitals/departments with remote locations

83



Baseline Survey: organisational

Only 5 (3%) of 177 hospitals with critical care units reported

that advanced airway equipment was not available within their Critical (@F) re U n |t
units and a difficult airway trolley was not available in 8 (5%) = =
units (Figure 9.14). Of the 162 hospitals with an emergency Intensive Thera Py Unit (ITU)

department, 24 (15%) reported that their emergency departments
did not have access to advanced airway equipment and 21 (13%)
did not have access to a difficult airway trolley.

High Dependency Unit (HDU)

Figure 9.14 Access to emergency equipment in emergency departments (n = 162) and critical care units (n =177) in hospitals, and access to a paediatric
resuscitation equipment trolley in hospitals that treat children and have an emergency department (n = 152 or critical care unit (adult or paediatric)
(n =120). Yes ™, No ™, Don't Know ™.
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Of the 195 responding hospitals, 152 (78%) cared for children and  paediatric), a paediatric resuscitation equipment trolley was not

had an emergency department and 120 (62%) cared for children  available in 39 (33%) critical care units (Figure 9.14).

and had access to paediatric or adult critical care services. In o .

the 152 hospitals that cared for children and had an emergency Departmenfal POI'C'eS and practices

department, a paediatric resuscitation equipment trolley was not A total of 113 (58%) of 195 responding departments had a

available in 1 (1%) emergency department. In the 120 hospitals departmental lead for resuscitation. Annual in-house training

caring for children that had a critical care unit (adult or in chest compressions was provided in 149 (76%) in defibrillation
in 130 (67%) departments (Figure 9.15).

Figure 9.15 Departmental organisation around annual updates in resuscitation, debriefing after significant events and departmental leads for
resuscitation and wellbeing. Yes M, No M, Don't Know M.
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Access to a departmental policy for wellbeing and support
was available in 81 (42%) departments and 106 (54%) had

a departmental lead for wellbeing (Chapter 17 Aftermath

and learning); 57 (29%) departments offered a peer support
programme after a critical incident (Figure 9.15). The provision
of some type of debrief session, whether held immediately
or after a delayed event, was available in 154 (79%) of 195
responding departments. Other means of sharing information

and learning within organisations such as intradepartmental and
multidisciplinary reviews following a critical incident, including
perioperative cardiac arrest, is shown in Figure 9.16 and how
different anaesthetic departments collect data for review of such
cases is shown in Figure 9.17.

Figure 9.16 Access to departmental and inter-departmental multi-professional meetings for reviewing critical incidents such as a perioperative

cardiac arrest. Yes ™, No M, Don't Know M.
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Discussion

Anaesthetic departments provide a wide range of services in
NHS hospitals that reflect the patient groups and specialties

the hospital provides. Our Baseline Survey has identified
variation and some deficiencies in institutional preparedness for
managing emergencies, such as cardiac arrest in UK anaesthetic
departments.

UK departments of anaesthesia vary in size with some spanning
multiple sites and managed by the same anaesthetic department.
The composition of the anaesthetic workforce varies between
departments. All hospitals are staffed by consultants and SAS
anaesthetists who work autonomously, and most by anaesthetic
trainees and trust doctors who do not work autonomously but
may work very remotely from supervising senior staff. We found
52 (26%) departments have anaesthesia associates, whether
practicing or in training. According to the RCoA 2020 census,
there were 173 qualified anaesthesia associates in the UK (RCoA
2020).
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The geography of the location where anaesthesia may be
undertaken within an organisation has safety implications for
anaesthetists who may find themselves alone in a remote site,
where help from colleagues may not be immediately available,
especially out of hours. More than 90% of responding hospitals
reported various subspecialties being undertaken away

from the main theatre complex or anaesthetic department,
most commonly diagnostic and interventional procedures in
radiology, followed by cardiology. High-risk procedures are
often performed in the radiology department and cardiac
catheterisation laboratory, with the location posing a number
of difficulties including a different environment and challenging
patients who are critically ill and needing general anaesthesia
(RCoA 2023b, RCR 2018; see also Chapter 37 Cardiology
procedures and Chapter 38 Neurosurgery, regional, remote

locations and emergency department). Obstetric care was in a

remote location in 32% of hospitals with obstetric units and is a
location of high activity, especially overnight.

The survey has shown that more than one method for
summoning help may be used within the same organisation

and methods varying widely across departments. Anaesthetists
should be familiar with the processes for summoning help

in every location where they may be called upon to provide
anaesthesia. The standard method for summoning help to wards
in cases of cardiac arrest is to dial 2222 (NPSA 2004); in
operating room locations, our data suggest that in the majority of
cases this number is not used (see also Chapter 13 Cardiac arrest
case reports summary). One in five departments did not have an

emergency bell within their main theatre complex. Approximately
one in three departments used different procedures for calling
for help in remote anaesthesia locations. GPAS recommends that
departments providing perioperative care should incorporate an
emergency call system that also includes an audible alarm (RCoA
2023a) but many departments appear not to meet this standard.
In1in 10 departments there was no immediate access to
emergency resuscitation guidelines in all anaesthesia locations,
meaning it is likely anaesthetists must rely instead on memory or
access via other methods (eg personal phones).

There was marked variation in the type of emergency surgical
and medical services offered across hospitals, possibly the result
of centralisation of services such as major trauma. Over 90%

of the NHS hospital sites had access to adult critical care units
(level 2 and/or level 3 care) and emergency departments were
present in over 80%. Half of departments across the UK did not
have 24-hour access to interventional radiology and two thirds
did not have 24-hour access to primary percutaneous coronary
intervention services. Compared with some European countries,
ECMO/eCPR services were less common, with fewer than 1in 10
hospitals having these services on site (Jorge-Perez 2023).

An important cause of perioperative cardiac arrest is
complications of airway management, and this is reconfirmed in
this report (see Chapter 21 Airway and respiratory complications).

The RCoA recommends that at least one type of laryngoscope

should be readily/immediately available in all areas where
emergency anaesthesia is undertaken and that patients receiving
care in non-theatre locations should have the same standard

of provision of anaesthetic equipment and personnel as in
theatres (RCoA 2023b). The 2015 Difficult Airway Society

(DAS) guidelines recommend that all anaesthetists should

have immediate access to a videolaryngoscope and be skilled

in using it (Frerk 2015) and other guidance has gone further
recommending default use of videolaryngoscopy (Cook 2020,
Chrimes 2022). In the UK, 7% of all hospitals did not have
access to advanced airway equipment (in which we specified
videolaryngoscopy) and 3% to a difficult airway trolley in every
theatre suite where anaesthesia is provided. Moreover, half of
the responding hospitals did not provide emergency airway
equipment in all remote locations, although the emergency (15%)
and critical care departments (3%) fared better. While access to
a defibrillator was immediately available in all main theatre suites,
the emergency department and in critical care units, around 1in
10 hospitals reported a defibrillator was not immediately available
in all remote locations.

The vast majority (84%) of UK hospitals provide children’s
services, including anaesthesia, but only 26 (3.8%) NHS
hospitals in the UK have PICU services on site [PICANet 2022).
Approximately 90% of the responding hospitals delivering
paediatric anaesthesia did not have immediate access to a PICU.
There is an overall shortage of level 3 and 2 critical care beds
for children and approximately 30% of admissions to PICUs

in England are transfers of critically ill children from another
hospital (Morris 2022). This creates two problems: first, the need
for stabilisation of critically ill children in hospitals without PICUs,
mostly district general hospitals and, second, the increasing
request to accommodate children on adult critical care units
due to lack of PICU bed (ICS/PCCS 2021). It is recognised

that anaesthesia and critical care staff may be anxious about
looking after sick children as services have been increasingly
centralised and the workforce deskilled (Morris 2022). In this
survey, we demonstrate the wide range of personnel involved

in the resuscitation of the critically ill child before retrieval or
transfer to a specialist tertiary children’s hospital. In three quarters
of departments, support was delivered by anaesthetists without
specialist paediatric interests or adult intensivists. Cardiac

arrest in critically ill children awaiting transfer to a PICU was a
special inclusion in NAP7 and is discussed in detail in Chapter
27 Paediatrics. There already are recommendations to increase
provision of paediatric level 2 beds especially in regions lacking
such facilities and for adult and children’s critical care services to
provide outreach support (Morris 2022).

The RCoA (2023c) recommends that a standardised paediatric
airway trolley and emergency equipment such as a defibrillator
should be available in all the hospital locations in which
paediatric airway management and anaesthesia takes place.
Equipment should be standardised across all remote areas to
match the main paediatric departmental facilities including
emergency departments and critical care units (RCoA 2023c).
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Of some concern, this survey has shown that a significant
proportion of UK hospitals appear to be poorly equipped for
emergencies in paediatric anaesthesia. One sixth of responding
departments that anaesthetise children did not have access to
advanced airway equipment and difficult airway trolleys in every
operating room where paediatric anaesthesia takes place.

The RCUK's quality standards for annual resuscitation training
updates are not being fully met, with only just over 75% of
departments offering yearly updates in chest compressions

and 67% in defibrillation. Only 58% of departments have a
resuscitation lead, which is not consistent with RCoA GPAS
standards (RCoA 2023d). The quality standards have been set
to improve patient care and outcomes for patients who sustain
a cardiac arrest in an acute care setting (RCUK 2020). Individual
compliance with this standard is discussed further in Chapter 10
Anaesthetists survey.

There is a clear need to learn from critical events and this
requires access to case details and policies and personnel to
manage debrief, education and psychological support. Such
processes are required by GPAS standards (RCoA 2023d). This
survey suggests only one in six departments have access to
digital anaesthetic records and only two in five access to digital
monitoring data after serious events. For high-quality review it is
arguable that both might be needed. While there is reasonably
good access to debrief and departments have multiple methods
to access learning, this too appears variable. Institutional
provision for and access to psychological support appears highly
variable and is discussed further in Chapter 17 Aftermath and

learning.

Overall, the survey has shown the wide range of services
provided in most hospitals, many of which are provided in remote
locations. It has also shown the wide variation in provision of
emergency equipment, methods of calling for help, access to
emergency guidelines, process for review of critical events,
provision of resuscitation training, with particular variation

in provision to remote locations and paediatric care. While

it is likely many hospitals are providing very good standards

of organisational preparedness for anaesthetic emergencies
including cardiac arrest the survey suggests this is not the case
universally.

Recommendations

National

B Every department should have a resuscitation lead.

B Anaesthetic departments should be required to offer
yearly updates on cardiopulmonary resuscitation (CPR) and
defibrillation skills training for the resuscitation of adults.

B Anaesthetic departments should be required to offer yearly
updates on CPR and defibrillation skills training for the
resuscitation of children.

Departmental

B A standard procedure to effectively call for help, which
includes an audible alarm, should be provided across all
locations where anaesthesia takes place.

B Resuscitation equipment, that is age appropriate, should be
standardised and available in every main and remote site
where anaesthesia takes place, including advanced airway
management equipment and a defibrillator.

B Astandardised paediatric difficult airway trolley should be
available in all locations where paediatric anaesthesia may
take place.

B Every emergency department where anaesthesia takes
place should have access to advanced airway management
equipment (adults and children).

B All adult critical care units within hospitals where children
may be cared for should have access to a paediatric difficult
airway/resuscitation equipment trolley.
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Survey: preparedness and experiences
of perioperative cardiac arrest
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Key findings

A total of 10,746 responses were received from individual
anaesthetists and anaesthesia associates: a response rate
Of 71%.

Some 90% of anaesthetists were up to date with their
training in adult advanced life support.

A total of 66% of anaesthetists were up to date with their
training in paediatric advanced life support.

More than 10% of anaesthetists have never received formal
Resuscitation Council UK (RCUK) or equivalent training in
paediatric advanced life support and 2% in adult advanced
life support.

Most anaesthetists (84 %) felt confident in leading a cardiac
arrest on the operating table, although 70% anaesthetists
stated they would benefit from more training in this field.

Male respondents were overall more confident than female
respondents (87% vs 79%).

Anaesthetists expressed more confidence in managing
cardiac arrest than managing debriefs or communication
with next of kin afterwards.

Fewer than 50% of anaesthetists believe that the current
guidelines on the management of perioperative arrests are
sufficient.

Approximately half of responding anaesthetists had been
involved in the direct or indirect management of at least
one cardiac arrest in the previous two years, most in the
main theatre complex.

Sam Martin

Jasmeet Soar

Matthew Davies Lee Varney

Of the most recent cardiac arrests responded to by
anaesthetists, 7% were in a child.

The top three causes of perioperative cardiac arrest,
as estimated by anaesthetists, were hypovolaemia,
hypoxaemia and cardiac ischaemia or failure with
haemorrhage fifth.

The top three suspected or confirmed primary causes of
the most recent cardiac arrest attended by respondents
were major haemorrhage (20%), anaphylaxis (10%) and
cardiac ischaemia (9%).

In 39% of cases an operating list or shift was paused or
stopped following a cardiac arrest and in 31% one or all
team members stood down from clinical activity.

More than 60% of anaesthetists were involved in
communication with the patient’s family or next of kin
following the event.

Most anaesthetists (87%) were satisfied with how the most
recent cardiac arrest was managed.

Some 38% of anaesthetists involved in a recent event
attended or planned to attend a debrief: approximately 60%
were ‘hot’ debriefs, 20% ‘cold’ debriefs and 20% both.

Of the anaesthetists involved, 56% received informal
wellbeing support from colleagues and 11% received formal
wellbeing support.

An impact on the ability to deliver future patient care was
reported by 196 (4.5%) anaesthetists.

Over their career, 85% of responding anaesthetists had
managed a perioperative cardiac arrest as the primary
anaesthetist or assisting.
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What we already know

In the UK, recommendations regarding preparation and practice
for management of a cardiac arrest for adults, children and
neonates are directed by the RCUK. Anaesthetists are key
members of the resuscitation team and should attend national
accredited courses (RCUK 2020a) such as Advanced Life
Support (ALS), European Paediatric Advanced Life Support

and Advanced Paediatric Life Support. Accredited ALS courses
(RCUK or equivalent] are valid for four years unless a clinician is
a practicing instructor.

For clinicians working with adult patients, the RCUK recommends
that healthcare professionals should receive yearly training
updates in adult cardiopulmonary resuscitation (CPR) and
defibrillation. The same recommendation applies for those
anaesthetists working with children, who are expected to receive
yearly training updates in paediatric CPR and defibrillation.

The RCoA's Guidelines for the Provision of Anaesthesia Services
(GPAS) recommend that all anaesthetists should have completed
training in adult and paediatric life support that is appropriate for
their level of clinical practice (RCoA 2023).

While the RCUK provides guidelines on cardiac arrest
management, there are no specific RCUK guidelines for
management of cardiac arrest during anaesthesia. The closest
are the ‘special settings’ of the RCUK guidelines for cardiac
arrests in the operating room, which encourage checking the
airway and capnography waveform, the use of ultrasound to
guide resuscitation and the consideration of alternatives to
closed chest compressions such as open cardiac compressions
and extracorporeal pulmonary resuscitation (eCPR; Deakin 2021).
The Association of Anaesthetists’ Quick Reference Handbook
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includes a section on cardiac arrest, which is primarily based on
the generic RCUK guidelines on management of cardiac arrest
(Association of Anaesthetists 2018).

Although not specific to perioperative cardiac arrests, the
Association of Anaesthetists has published guidelines on how to
manage the aftermath of an intraoperative death, including how
to conduct communication with relatives, the review process and
the welfare support of anaesthetists (Association of Anaesthetists
2005). These guidelines are in the process of revision at the time
of writing.

The aim of the individual anaesthetist’s survey was to gain
understanding on the training, attitudes, beliefs and current
practices surrounding perioperative cardiac arrests including
immediate management and the aftermath: debriefing, list
management and review processes. Anaesthetists’ recent
and career experiences and perspectives surrounding the
management of perioperative cardiac arrest in the aftermath
were also explored.

What we found

Survey methods

An electronic survey was distributed to UK anaesthetists and
anaesthesia associates via the network of Local Coordinators
(Chapter 6 Methods) to coincide with the NAP7 launch in

June 2021 and responses were accepted for five months. The
denominator used for the total number of anaesthetists and
anaesthesia associates in the UK was 15,071, based on the RCoA
2020 census (RCoA 2020). We received 10,746 responses,

a response rate of 71%. In this chapter, the term ‘anaesthetists’

is used to describe both medically qualified anaesthetists and
anaesthesia associates.
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Demographics and workplace characteristics

Questions on demographics and workplace characteristics were
answered by 10,009 (93%) anaesthetists. A total of 5,727 (57%)
anaesthetists identified themselves as male, 4,085 (41%) female,
12 (0.1%) other, and 185 (2%) preferred not to say. There were
3(0.03%) individuals younger than 25 years, 2645 (26%) aged
25-35 years, 7126 (71%) aged 36-65 years, 93 (1%) aged over 65
years and 142 (1%) who preferred not to say.

In terms of grade, respondents included 5,896 (59%) consultants,
958 (10%) specialist, associate specialist and specialty (SAS)
doctors, 3,007 (30%) anaesthetists in training and non-training
positions, 71 (1%) anaesthesia associates and 77 (1%) ‘other’
(Figure 10.1). The median (IQR [range]) anaesthetic experience

Figure 10.1 The grade of anaesthetists as a proportion (%) of total respondents (n = 10,009). CCT, certificate of completion of training; CESR,
certificate of eligibility for specialist registration; CT, core trainee; SAS, staff and associate specialist; ST, specialty trainee.
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was 13.1(6.9 -21.8 [0.1 - 50.0] years and the crude sum of of anaesthetic experience and out-of-hours working pattern can
experience of all respondents was 147,827 years. Anaesthetists be found in Appendix 10.1. The country or region of employment
with less than one year’s experience accounted for 437 (4%) of reported by 9,917 (92%) anaesthetists is also reported in the
respondents (Figure 10.2), which is lower than the 6% reported appendix.

in the NAP6 report (Kemp 2018). Out-of-hours work, including
weekends or nights, was conducted by 9,102 (91%] anaesthetists.
Further information on the grade of anaesthetists, median years

Anaesthetists’ place of work was exclusively in the NHS for 8,298
(83%), exclusively in the independent sector for 65 (1%), and in
both sectors for 1,646 (16%).

Specific subspecialty interests reported by responding consultant
and SAS anaesthetists are shown in Figure 10.3. The most

2,500 commonly reported subspecialty areas were obstetrics (1590
individuals; 23%), orthopaedics (1,514; 22%), intensive care
medicine (1,458; 21%), regional (1,275; 19%) and trauma (1,193;
17%). A total of 795 (12%) respondents stated ‘not applicable’

or ‘none of the above'.

Figure 10.2 Number of years of anaesthetic experience of respondents
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Figure 10.3 Reported subspecialty among consultant and SAS anaesthetists that responded to the NAP7 Baseline Survey (n = 6,854)
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Knowledge, training and attitudes

All'10,746 (100%) responding anaesthetists answered questions
regarding knowledge, training and attitudes to perioperative
cardiac arrest.

In terms of resuscitation (CPR and defibrillation) training, 9,646
(90%) anaesthetists were up to date in adult ALS and 7,125 (66%)
in paediatric ALS, having received training either in an RCUK

or equivalent course within past four years or departmental/
hospital ‘hands-on training’ within past one to two years (Figure
10.4). Conversely, 799 (7%) and 1,707 (16%) anaesthetist’s training
in adult and paediatric resuscitation, respectively, was ‘out of
date’ or had never been undertaken. The difference in the total
proportion of respondents with most recent up to date training in
either RCUK or equivalent or departmental/hospital ‘hands-on
training’ is further described in Appendix 10.1.

7.6%

7.4%
61% 6.1% 6%
4.4%

2.8% 23%

5% 09% o073

Subspecialty

In terms of the uptake of nationally accredited formal training
courses, instructing, at least yearly, was reported by 1,951 (18%)
individuals at adult and 841 (8%) paediatric RCUK or equivalent
courses. No formal RCUK or equivalent training had been
attained by 218 (2%) anaesthetists for adult ALS and 1,168 (11%]
for paediatric ALS.

Overall, up to date training in adult ALS was notably more
common than in paediatric ALS. Rates varied little between
grades but the finding was consistent (see Appendix 10.1). Among
anaesthesia associates few (< 25%) were up to date with and
commonly (> 33%) had never been trained in paediatric ALS.

Atotal of 8,994 (84%] anaesthetists reported that they felt
confident (agree and strongly agree] in leading an intraoperative
cardiac arrest (Figure 10.5). Although 6,512 (61%) respondents
stated that they had received sufficient (agree or strongly agree)
training in managing an intraoperative cardiac arrest, 1,776 (17%)

Figure 10.4 Training in adult and paediatric advanced life support among 10,746 anaesthetists. ‘In date’ M = respondents with either RCUK or

equivalent course completed within past four years or departmental/hospital *hands-on training’ within past one to two years, or instructs on such

courses at least yearly. ‘Out of date’ M = RCUK training completed more than four years ago and departmental/hospital ‘hands on training’ more than

two years ago. ‘None’ M = respondents that have never obtained formal RCUK or equivalent training or departmental/hospital ‘hands on training’.

‘Other/unknown’ B = unclear whether respondents were out of date with either RCUK or equivalent course or departmental/hospital ‘hands on

training’ as they reported a mixture of ‘can’t recall, ‘not applicable’ and ‘none’. ‘Not applicable’ B = not practicing adult or children’s anaesthesia.

Adults

Paediatrics

0% 20% 40%

60% 80% 100%

Proportion of respondents with most recent training in advanced life support

92



Anaesthetists’ survey

Figure 10.5 Anaesthetists’ attitudes to management of perioperative cardiac arrest, including training and guidelines among 10,746 respondents.
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disagreed (strongly disagree or disagree) with this statement and
7,551 (70%) anaesthetists stated that they would benefit from
more training in this field.

Current guidelines for the management of perioperative cardiac
arrests were deemed sufficient (agree or strongly agree| by
4,441 (41%) and insufficient (disagree or strongly disagree) by
1,537 (14%) respondents. Qualitative analysis on the free text’
comments is provided in Appendix 10.1.

Overall, male respondents were more likely to reply that they felt
confident (strongly agree or agree) in managing a perioperative
cardiac arrest on the operating table than females (87% vs 79%;
Figure 10.6).

Fewer respondents reported feeling confident in the
management of the aftermath of a perioperative cardiac arrest,
including the debrief process and communication with the
family or next of kin, than management of the event itself (Figure
10.7). A total of 5,985 (56%) anaesthetists agreed that they felt
confident (agree or strongly agree) in leading a debrief, while
8,138 (76%) reported that they would benefit (agree or strongly
agree| from more training in how to conduct a debrief and 7,340
(68%) anaesthetists felt confident (agree or strongly agree| in
communicating with the family or next of kin with this process.
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Figure 10.6 Anaesthetists’ confidence in management of cardiac arrest
on the operating table by gender among 9,812 respondents. Male ®,
Female .
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Figure 10.7 Anaesthetists’ opinions on debriefing and communication following a perioperative cardiac arrest (n = 10,746). Strongly Agree M, Agree M,

Neither agree or disagree M, Disagree M, Strongly disagree M.
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Figure 10.8 Perceived ‘most common cause’ of perioperative cardiac arrest among 10,746 anaesthetists. BCIS, bone cement implantation syndrome.
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Management of profound hypotension and
threshold for initiating chest compressions

The survey inquired about anaesthetists’ perspectives on what
blood pressure and other clinical triggers they would use to start
chest compressions at in a healthy patient scoring ASA 2 and

a patient scoring ASA 3 with hypertension during general
anaesthesia. The results are described in Chapter 20 Decisions
about CPR. In summary, anaesthetists used multiple triggers to
initiate chest compressions but among those anaesthetists who
chose a blood pressure cut-off (around 80% of respondents);
for the 50-year-old patient classified as ASA 2, more than

50% would start CPR when systolic blood pressure fell below 40
mmHg and for the 75-year-old patient at ASA 3, more than 50%
would start CPR when systolic blood pressure fell below

50 mmHg.

Perceptions of common causes of cardiac
arrest

The top three perceived causes of perioperative cardiac arrest
reported by anaesthetists are shown in Figures 10.8-10.9. Figure
10.8 shows the distribution of perceived ‘most common cause’
and Figure 10.9 the sum of causes included in respondents’ top
three causes’. The top five in all three perceptions were the same,
including hypovolaemia, hypoxaemia, cardiac ischaemia or
failure, anaphylaxis and haemorrhage.

Figure 10.9 Anaesthetists' (n = 10,746] perceptions of most common
causes of perioperative cardiac arrest: sum of all causes included in
respondents ‘top 3 causes’
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Recent experience and management of
perioperative cardiac arrest

A total of 10,508 (98%) of 10,746 respondents answered the
question regarding how many cases of perioperative cardiac
arrest they recalled managing or being present at fo assist in

the previous two years; 4,806 (46%) anaesthetists reported
involvement in one or more perioperative cardiac arrest in the
past two years (Figure 10.10). More than five events were recently
experienced by 171 (2%) anaesthetists and only one event by
2,742 (26%) anaesthetists.

Figure 10.10 Anaesthetists’ experience of involvement in perioperative

cardiac arrests in previous two years (n = 10,508)
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Further questions on the experiences of the most recent The type of personal protective equipment (PPE) precautions
perioperative cardiac arrest were initially answered by 4,664 used by respondents during the management of the most recent
(97%) of the 4,806 eligible respondents and decreased to perioperative cardiac arrest they had attended and individual
4,374 (91%) by the end of this survey section. The location of perspectives on managing arrests in PPE are reported in
the cardiac arrest is shown in Figure 10.11, with main theatre Chapter 7 COVID-19.

suite the most frequent location (3,490; 75% of 4,664
responses), followed by the cardiac catheterisation suite (218;
5%) and obstetric theatres (167; 4%). A cardiac arrest in the
obstetric unit (including labour ward) had been attended by
189 (4%) anaesthetists in the previous two years. The age of the
patient who had arrested at the last cardiac arrest attended by
respondents is shown in Table 10.1.

The most likely suspected or confirmed primary cause of

the most recent cardiac arrest attended was answered by
4,639 (97%) of 4806 eligible respondents: these included

a cardiovascular cause in 2915 (63%) responses, airway or
breathing issues (395, 9%), neurological (157, 3%) and metabolic
problems (111, 2%; Figure 10.12). Specific causes are shown in

Figure 10.11 Location of the most recent (previous 2 years) perioperative cardiac arrest attended by 4664 anaesthetists. Locations with less than 50
responses and ‘can’t recall’ responses have not been included.
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Figure 10.13. The top three suspected or confirmed primary The responding anaesthetist was present at the start of
causes of cardiac arrest were major haemorrhage in 927 (20%) anaesthesia in 2,695 (60%) of 4,494 most recent cases of
cases, anaphylaxis in 474 (10%) and cardiac ischaemia in 397 perioperative cardiac arrest; 1,725 (64%) were consultants
(9%) cases. or SAS anaesthetists, 828 (31%) anaesthetists in training and

non-training positions and 18 (1%) anaesthesia associates. The
numbers of anaesthetists attending each cardiac arrest and their
grades are reported in Appendix 10.1 but, generally, numbers of
anaesthetists attending the patient increased by approximately
50% during the cardiac arrest.

Of the 4,494 responses, 1,341(30%) respondents reported that
the patient did not survive the initial resuscitation attempt. In
76 (6%) of these 1,341 cases, resuscitation efforts were stopped
because of the patient’s known wishes.

Respondents stated that 1,750 (39%) patients survived to hospital
discharge and, in 614 (14%) of cases, the patient was still in
hospital or the final outcome was unknown (Figure 10.14).

Specific guidelines to manage the cardiac arrest were used in
2,036 (45%) of the 4494 events, and no guidelines in 1,892
(42%); in 566 (13%) cases, the respondent could not recall.

Figure 10.12 Categories of suspected or confirmed primary cause of perioperative cardiac arrest, among those most recently attended by 4639
anaesthetists. Unclear and ‘can't recall’ responses have not been included.
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Figure 10.13 Detailed top 20 most common suspected or confirmed primary cause of perioperative cardiac arrest, among those most recently
attended by 4639 anaesthetists. Unclear and ‘can’t recall’ responses have not been included.
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Figure 10.14 Patient outcome reported by 4494 anaesthetists describing their most recent experience of perioperative cardiac arrest
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Of 2,015 anaesthetists who reported how they accessed a
specific guideline, this was from memory in 65%, using a hard
copy of the guideline at the cardiac arrest location in 41% and
using an electronic device in 6% (Figure 10.15).

Following the cardiac arrest, of 3,378 cases where an operating
list or shift might have been paused or stopped, this occurred in
1,330 (39%) (Table 10.2).

Overall, the quality of the management of the recent cardiac
arrest was viewed positively (satisfied or very satisfied) by 3,871
(87%) of 4,436 anaesthetists (Figure 10.16). ‘Free text” comments
by 1,329 (30%; see Table 10.3 for examples). Of those satisfied
by the quality of the management, 964 respondents mentioned
the ‘positive outcome’, 285 described good ‘leadership and
teamwork’, 169 described satisfaction with cardiac arrest
‘management procedures’ (eg following specific guidelines) and
83 indicated that quick recognition of arrest and treatment’ was
key. Conversely, 54 respondents described events as ‘chaotic’
and challenging and the outcome not as positive as hoped.

Figure 10.17 shows which personnel communicated with family

or next of kin after the cardiac arrest. Of these people, 63% were b 7 o
,«ma
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Figure 10.15 Use and access fo specific resuscitation guidelines during anaesthetists’ most recent experience of perioperative cardiac arrest (n = 2,015)
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Table 10.2 Theatre list and on-call shift management

Total responses Proportion of

Response (n) respondents (%)

Was theatre list or anaesthetic on-call shift terminated early?
(n=3,378)

No 1663 49
Yes, paused 818 24
Yes, list stopped (includes

cajcellmg remaining 51 5
patients or transferring to

care by a different tfeam)

No, emergency list

leg CEPOD, frauma, 150 4
catheterisation laboratory)

Can't recall 235 7

Did any members of the team stand-down from clinical activity?
(n=3,315)

No one stood down

leg continued with the 1928 58
next case|
Yes — some of the team 658 20
Yes — all of the team 201 6
Yes - | stood down 167
Can't recall 472 14 Figure 10.16 Satisfaction among 4,436 anaesthetists regarding the
How did you or your team stand down? (n = 886) ‘quality of the management’ of the most recent perioperative cardiac
Took a short break [eg arrest they attended in last 2 years. Very satisfied M, Satisfied M, Neither
< Thour) 287 32 satisfied or dissatisfied ™, Dissatisfied W, Strongly dissatisfied M.
Theatre list terminated early 272 31

: Quality of the
Took a sustained break 248 8 management
leg > 1hour) of the arrest
Anaesthetic on-call shift 68 g f T T T T T
terminated early 0% 20% 40% 60% 80% 100%
Other 3 3 Proportion of respondents that
Can't recall 76 9 have experienced a recent event

Figure 10.17 Personnel communicating with the patient’s relative or next of kin immediately after the most recent perioperative cardiac arrest attended
by 3,705 anaesthetists. ‘Non-applicable (eg 'no next of kin and ‘can't recall’) responses were excluded.
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Table 10.3 ‘Free text’ comments and themes from 1,329 anaesthetists regarding the management of their most recently attended perioperative

cardiac arrest. CALS, Cardiac advanced life support; ODP, operating department practitioner; PPE, personal protective equipment; ROSC,

return of spontaneous circulation.

Themes (number of sentiments) Examples

Patient outcome (n = 1,182):
- Positive comments (n = 964)
- Nuanced/neutral comments (n = 55)

- Negative comments (n = 163)

Positive examples

‘Successful outcome, no issues, concerns!

‘Good initial outcome. Although very stressful as significant uncertainty over the actual disgnosis.
Negative examples

'ROSC was obtained after first cardiac arrest but three-hour delay in transferring patient fo infensive care ...
Patient then had second cardiac arrest and ROSC was not obtained.

Leadership and teamwork (n = 313):
- Positive comments (n = 285)
+ Nuanced/neutral comments (n = 5)

- Negative comments (n = 23)

Positive examples

‘Good teamwork. Got child back very quickly.

‘Theatre team worked very well together. All commented that it had felt like Sim training!

‘Well-managed, not unexpected due to significant major trauma, whole team knew rules and performed well!

"We received the patient in an incredibly poor state so for that reason I'm annoyed. However, she was
managed extremely well. | fruly believe that with any other team of people, on any other night, she would

have died.
Negative examples
‘Delay in surgical consultant intervention appeared contributory to the arrest.

‘CALS protocol followed, chest opened and ROSC but not that well led by ICU consultant and problems
with blood bank meant took over an hour to obtain blood products in a very coagulopathic patient.

‘No leader, consultant in list in disarray, others helping in slightly uncoordinated fashion, but shocks delivered
and outcome good!

‘Consultant refused to recognise patient had arrested, had to overrule him to get ODP fo start chest
compressions.

Management procedures (eg
guidelines; n = 202):

- Positive comments (n = 169)
- Nuanced/neutral comments (n = 14]

- Negative comments (n =19)

Positive examples

"Well managed, major haemorrhage protocol already activated'

‘Good prompt resuscitation of patient. We followed the guidelines to a high standard

‘Recognition, effective emergency management, appropriate use of pacing’

Negative examples

‘Management was hampered by difficulty in communication and obtaining equipment due to COVID-19 and PPE!

"Mandatory to put out hospital cardiac arrest call. Medical team unfamiliar with inferventional radiology suite and
the procedure being undertaken. Also unfamiliar with anaesthesis and standard processes that were underway:!

Recognition of arrest and treatment
(n=90):

+ Positive comments (n = 83)
« Nuanced/neutral comments (n = 1)

+ Negative comments (n = 6]

Positive examples

"Early identification of deteriorating patient and appropriate management, whole arrest team was present
before the event!

‘There was a prompt recognition of the cardiac arrest with a high index of suspicion as fo the cause
throughout!

Negative examples
‘Consultant refused to recognise patient had arrested, had to overrule him to get ODP to start chest compressions!

‘Not recognised early enough. Poor communication from surgeon who insisted it must be an airway problem!

Chaos (n = 82):
« Positive comments (n = 19)
» Nuanced/neutral comments (n = 9)

- Negative comments (n = 54)

Positive examples

‘Bleeding abdominal sortic aneurysm. Very difficult case with multiple problems at the same time.
We did the best we could!’

Negative examples

‘Too many people giving orders, disorganised.

‘A bit chaotic as a lot of people and equipment in a small room!

‘Chaotic environment with different people trying to lead”

‘Chaotic. Lacked clear leadership. Arrest in lateral position. Slow to turn supine!

‘A lot of people involved, sometimes difficult fo see what is being or has been done!
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Debriefing

A total of 1,693 (38%) responding anaesthetists attended a
debrief following their most recent perioperative cardiac arrest;
487 (11%) were unable to attend because of personal or work
commitments, 78 (2% were not invited and 45 (1%) decided

not to attend (Figure 10.18). Of the anaesthetists that attended

a debrief, 58% reported that the debrief occurred immediately
('hot debrief) after the event, 20% after a delayed period (‘cold
debrief’), 20% both immediately and after a delayed period, and
in 1% the debrief occurred as part of the ‘end of the list’ debrief
session. Figure 10.19 shows the various forms of debrief that
respondents attended. Informal debriefs were more than four
times more common than formal debriefs. Most respondents
were positive about how the debrief process was managed after
the event, with 79% feeling satisfied or very satisfied (Figure

10.20). Qualitative analysis of the free text’ comments on the
debrief satisfaction is provided in Appendix 10.1. Debriefing is
discussed in detail in Chapter 17 Aftermath and learning.

Information on how the most recent cases were reviewed and
followed-up at departmental and organisational level, as well as
any inquest or legal proceedings, is provided in Figure 10.21 and
Table 10.4. More than half of cases were reviewed in a mortality
and morbidity meeting and 20% in a clinical governance
meeting. Of the 4,374 recent cases, an inquest or equivalent (eg
procurator fiscal) occurred or was pending in 374 (9%) cases and
legal proceedings in 34 (1%) cases (Table 10.4). A case review was
neither carried out nor planned in 449 (10%) recent episodes of
perioperative cardiac arrest.

Figure 10.18 Debrief attendance by 4,422 anaesthetists following their most recently attended perioperative cardiac arrest
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Figure 10.19 Types of debrief experienced by anaesthetists attending a debrief after perioperative cardiac arrest (n = 1,563). ‘Not applicable’ responses
have been excluded.
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Figure 10.20 Satisfaction with (a) debrief process among 1,568 anaesthetists and (b) follow-up and review process (n = 4,374) following their most
recently attended perioperative cardiac arrest. Strongly Agree ™, Agree M, Neither agree or disagree ™, Disagree M, Strongly disagree M.

| was satisfied with the debrief
process following the event (n=1568)

| feel satisfied with the way in
which the case was followed up
and reviewed (n=4374)
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Table 10.4 Extent of external regulatory review of most recently attended
perioperative cardiac arrest by 4,374 anaesthetists

Respondents

(n) (%)

Response

Inquest or equivalent . Sending for help in theatres:
Yes 24 6 traffic light handover tool
Pending 120 e i
No/not applicable 2733 62 : .

If you need help immediately
Prefer not fo say 6 0. . 'ggl(li for help — state “this is a red emergency”
Don't know 1261 29 o -Fc’a::llalz;%ﬁ%— say “anaesthetic emergency in (your
Legal proceedings > .12'2225upervising Consultant (SC) will respond to
Yes 34 1 help within 5 minutes
No/no’r applicable 2930 67 L state “this is an amber assist”
Too early to know 327 7 10-15 minutes

state “this is a green query”

Prefer not to say 4 0.1
Don't know 1079 25

Figure 10.21 Type of case follow-up reported by 4,311 anaesthetists after their most recent experience of perioperative cardiac arrest. ‘Not applicable’
responses have been excluded.
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Impact on anaesthetist’s wellbeing

How the most recent experience of perioperative cardiac arrest
affected the individual anaesthetist’s wellbeing and ability to
work effectively is explored in detail in Chapter 17 Aftermath and

learning.

Career experience and impact on
anaesthetists” wellbeing

In total, 8,654 (85%) of 10,131 responding anaesthetists reported
having experienced an episode of perioperative cardiac arrest
in their anaesthetic career lifespan. Both the positive and
negative effects on personal and professional life are described
in Chapter 17 Aftermath and learning.

Discussion

This NAP7 Baseline Survey of anaesthetists and anaesthesia
associates may be the largest study to date examining individual
perspectives, preparedness and experiences around the
management of perioperative cardiac arrest. We received
approximately 11,000 responses, representing 71% of UK
anaesthetists, which we consider especially notable considering
that the survey was conducted 15 months into the COVID-19
pandemic. The high return rate demonstrates the continuing
commitment of UK anaesthetists to the NAPs. This was also the
first time that a8 NAP included anaesthesia associates (including
anaesthesia associates in training) in the Baseline Survey.

Most anaesthetists have been involved in managing perioperative
cardiac arrest: 85% at some point in their career, 45% in the past
two years; the number of perioperative cardiac arrests attended
in the past two years ranged from one cardiac arrest (26%) to
more than five cardiac arrests (2%).

Use of specific guidelines was reported by individual
anaesthetists less often in the NAP7 Baseline Survey compared
with use observed in the NAP7 case registry (45% vs 70%),
although, in both, in the majority of cases guidelines were
recalled from memory.

The survey provides a national picture of training in resuscitation
in adult and paediatric ALS among anaesthetists. This is important
because there is evidence that resuscitation training improves
patient outcomes (Lockey 2021). Healthcare professionals are
taught technical skills in managing in-hospital cardiac arrest

and periarrest arrhythmias but also non-technical skills such as
teamworking, communication and situation awareness, with

a strong emphasis on the science of human factors (Lockey
2021). Training in adult ALS was high with 90% of anaesthetists
having training in date and 94% having, at some point in their
career, completed an accredited adult ALS training course.
Organisations are encouraged to support individuals to keep up
to date with national training courses (RCUK 2023). The RCUK
good practice standards state that individuals should receive

yearly training updates in CPR and defibrillation within their place
of work [RCUK 2023). These standards are often, but not always,
being met and organisations are not always providing a platform
to meet these requirements. The organisational component of
this survey reports that one in four anaesthetic departments does
not offer yearly updates in CPR and one in three does not offer
yearly updates in defibrillation (Chapter 9 Organisational survey).

In contrast, we identified a gap in paediatric ALS training among
UK anaesthetists, with only 66% of anaesthetists being up to
date with their training and 76% having, at some point in their
career, completed an accredited paediatric ALS training course.
Results varied little by grade, except for anaesthesia associates,
who were less frequently trained in paediatric resuscitation,
probably in keeping with their level of clinical responsibility. The
RCoA recommends that all anaesthetists working with children
should be trained in resuscitation, appropriate for their level of
experience (RCoA 2023) and only 8% of anaesthetists stated
that they did not treat children. Of the most recent perioperative
cardiac arrests that anaesthetists had attended, around 1in 30
was an infant and around 1in 14 a child. Anaesthetists without
regular paediatric sessions may also be called on to aid in the
resuscitation of children unexpectedly, especially when on

call, and elsewhere in this report some concerns are raised
regarding the ability to provide the correct expertise when such
events occur (Chapter 27 Paediatrics and Chapter 33 Critically-
ill children). This gap in paediatric ALS training merits further
aftention.

Most anaesthetists reported feeling confident in managing a
perioperative cardiac arrest on the operating table, with men
overall more confident than women. The majority of anaesthetists
were content with existing guidance on management of
perioperative cardiac arrest, but a majority would welcome

more training. The Association of Anaesthetists’ Quick Reference
Handbook provides some specific information, such as to ‘turn
off' the anaesthetic and to confirm oxygen delivery, but the focus
is primarily directed at following the RCUK or the European
Resuscitation Council ALS algorithm (Perkins 2021). While

there are specific guidelines for managing cardiac arrests in
neurosurgical patients (RCUK 2019), in the cardiac catheter suite
(Dunning 2022) and for resuscitation of cardiac surgical patients
(CALS), these guidelines do not exist for most specialties, nor

for perioperative care in general. This is discussed further in
Chapter 25 ALS for perioperative cardiac arrest. Of note,

anaesthetists were generally less confident in managing the
aftermath of a cardiac arrest than the cardiac arrest itself, and
this is an area where training might usefully focus.

Individual anaesthetists” overall perceptions of the most ‘top
three’ common causes of perioperative cardiac arrest differed
both from those reported in the perioperative cardiac arrests
they had most recently attended and in those reported to the
NAP7 case registry (Box 10.1).
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Box 10.1 Most common causes of perioperative cardiac arrest: perceived
by anaesthetists, reported by anaesthetists during most recent event
attended and reported to NAP7

Top three causes of cardiac arrest:

B Perceived by anaesthetists in Baseline Survey:
hypovolaemia, haemorrhage and anaphylaxis

B Attended by anaesthetists in Baseline Survey:
haemorrhage (20%), anaphylaxis (10%) and cardiac
ischaemia (9%)

Reported to NAP7 case registry: major haemorrhage
(17%), bradyarrhythmia (9%), and cardiac ischaemia (7%)

Anaphylaxis continues to be feared as an anaesthetic emergency.
The data from this survey and the NAP7 case registry suggest
that anaesthetists overestimate the proportion of perioperative
cardiac arrests caused by anaphylaxis and probably overdiagnose
it as a cause of perioperative cardiac arrest (Chapter 22
Anaphylaxis). Anaphylaxis accounted for 3% of the 881 cardiac
arrests reported to NAP7 and was the eighth most common
cause of perioperative cardiac arrest (Chapter 13 Cardiac arrest
case reports summary and Chapter 22 Anaphylaxis).

The survey shows that at the time of the cardiac arrest, multiple
extra anaesthetic staff attend to assist in the management. During
cardiac arrest, the number of anaesthetists present increased by
50% compared with the start of anaesthesia. The most common
grade of anaesthetist to attend to assist was a consultant (50%),
similar to the NAP7 case review data (69%; Chapter 13 Cardiac
arrest case reports summary).

How the aftermath of perioperative cardiac arrests is managed
is crucial, as such catastrophic events require compassionate
explanation to the patient and their families and can be
psychologically impactful for the anaesthetist and the
perioperative team. Anaesthetists were frequently involved in
communication with families after cardiac arrest but far from all
are confident in this aspect of care, nor in leading debriefing.

It was not common practice (39%) to stop or pause an
operating list or an on-call shift following a recent perioperative
cardiac arrest, and even less so for a member of the team to
immediately step down from clinical activity. Kelly et al recently
recommended that it should be presumed that the whole team
may have to step down from clinical activity in the aftermath of
a serious critical incident (Kelly 2023) and the Association of
Anaesthetist’s 2005 guideline on managing catastrophic events
recommends that after an intraoperative death, a decision
should be made by a senior colleague whether the anaesthetist
involved should continue with their operating list or on-call duties
(Association of Anaesthetists 2005). Finally, it was reported that
a debrief process was performed following approximately half
of the recent cases of perioperative cardiac arrest. Respondents
reported that most (58%) of the debriefs took place immediately
following the event, and this is similar to the NAP7 case registry.
There is growing evidence that hot debriefs that focus on
psychological impact may exacerbate psychological tfrauma and
that organisations should promote a ‘team check-in tool” instead
(Kelly 2023). These topics are discussed in detail in Chapter 17
Aftermath and learning.

Recommendations

No recommendations.
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Appendix 10.1

Demographics and workplace characteristics

Table 10A.1 Median number of years of anaesthetic experience and out-of-hours working patterns according to grade of anaesthetist (n = 10,009).
SAS, specialist, associate specialist and specialty.

e
Consultants 5896 59 19.5 90
SAS 958 10 15.5 83
Trainee and non-trainee anaesthetists 3007 30 48 97
Other 77 1 7.3 79
Anaesthesia associates 71 1 8.5 47

Figure 10A.1 Country or region of employment of 9917 respondents to NAP7 individual anaesthetists’ Baseline Survey
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Table 10A.2 Country or region of employment of responding anaesthetists (n = 9917)

UK country Anaesthetists responding (n) An: ce;i\ezf(i)s;;a:::::;r;rgl)fo Propo:::soztjai:gi;f)heﬁsfs
England 8031 12308 65

Scotland 999 1343 74

Wales 478 923 52

Northern Ireland 256 497 52

Islands 30 Not applicable

Prefer not to say/not sure 123 Not applicable
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Training in advanced life support

Figure 10A.2 Timing of training in adult advanced life support at an RCUK or equivalent course or as part of departmental/hospital *hands on training’
among 10,746 anaesthetists. ‘In date’ respondents who have either RCUK or equivalent course completed within past four years or departmental /
hospital ‘hands-on fraining’ within past one to two years, or instruct on such courses at least yearly. ‘Out of date’ = respondents that have RCUK
training completed more than four years ago and departmental/hospital ‘hands on training’ more than two years ago. In date M, Out of date M, None
M, Can't recall M, Not applicable M.

Consultants/SAS (n=6854)
ST3+; post CCT, CESR (n=2090)
CT1-2 (n=917)

AA (n=71)
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Unknown (n=737)

Total (1=10746)
Consultants/SAS (n=6854)
ST3+; post CCT, CESR (n=2090)
CT1-2(n=917)

RCUK adult
or equivalent

AA (n=71)
Other (n=77)
Unknown (n=737)
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Figure 10A.3 Timing of training in paediatric advanced life support at an RCUK or equivalent course or as part of departmental/hospital ‘hands

on training” among 10,746 anaesthetists. ‘In date’ respondents who have either RCUK or equivalent course completed within past four years or
departmental/hospital ‘hands-on training’ within past one to two years, or instruct on such courses af least yearly. ‘Out of date’ = respondents that
have RCUK training completed more than four years ago and departmental/hospital ‘hands on training” more than two years ago. In date M, Out of
date M, None M, Can't recall B, Not applicable M.

Consultants/SAS (n=6854)
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Number of anaesthetists present at start of
anaesthesia and during cardiac arrest
On average, in addition to the responding anaesthetist, three

other personnel were present at the start of anaesthesia. The
total number of anaesthetists present at the start of anaesthesia

averaged 2.5 per case. During the cardiac arrest, an average
of 5.2 anaesthetic personnel attended including an average of
3.6 anaesthetists or anaesthesia associates. The difference in
personnel as per different grades of anaesthetist present at the

start of anaesthesia and during the cardiac arrest event is shown
in Figure 10A.4.

Figure 10A.4 Number of anaesthetists present during the most recent cardiac arrest event and the number of extra anaesthetists who arrived to
help with the management of the cardiac arrest (n = 4494). CCT, certificate of completion of training; CESR, certificate of eligibility for specialist
registration; CT, core frainee; SAS, staff and associate specialist; ST, specialty trainee. Personnel at start of anaesthesia M, Extra personnel during

cardiac arrest M.
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Table 10A.3 Underlying themes from ‘free text’ comments (n = 2278) on respondents reporting on the question ‘Existing guidelines for the
management of perioperative cardiac arrest are sufficient. Comments from one respondent may have created one or more themes. ALS, advanced
life support; DNACPR, do not attempt cardiopulmonary resuscitation; QRH, Quick Reference Handbook; RCUK, Resuscitation Council UK.

Themes (number of sentiments) Examples

Awareness of guidelines (n = 1002):
- Positive comments (n = 239)
+ Nuanced/mixed comments (n = 130)

- Negative comments (n = 633)

Positive examples

"AAGBI QRH provides a guide which is more tailored to the perioperative cardiac arrest, compared with ALS!
‘Familiar. Generally easy to follow in high pressures arrest situation!

"ALS guidelines offer good evidence-based algorithms!

"We are following national and international guidelines which are created by the most experienced colleagues
in the management of cardiac arrest.

“Training available and guidelines are readily available too!

‘AAGBI quick reference guidelines are pretty good!

Negative examples

"I have not recently read these guidelines’

I have not delved into them in much detail

‘Not aware of specific perioperative guidelines!

I do not know where to access them or what the existing guidelines are.

‘Are there any?’

‘No one seems to know the guidelines. Arrest teams are called by junior team members when not needed.

| didn't know there was a guideline!

‘I'm not aware of any formal guidelines for intraoperative arrest specifically.
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Adequate guidelines (n = 1219): Positive examples

- Positive comnments [n = 383) ‘The guidelines provide clear information on the management of perioperative cardiac arrests.!

‘Baseline algorithm is sound and guidelines need to be concise enough to act as quick reference and training
aid.

‘We have ALS guidelines at hand in the event of perioperative arrest that are clear, concise and easy to follow!

« Nuanced/mixed comments
h=225)

+ Negati ts (n = 611
egafive comments {1 ) ‘The QRH is very thorough and good to have as an app on my phone, plus available in all anaesthetic rooms!

‘Written guidelines and crisis cards are readily available to guide management!
Negative examples
‘Needs to include more on team roles!

‘As above - RCUK is really focused on non-theatre arrests - see recent editorial on challenging no frace
wrong place’ for example!’

‘Need clarity for specific situations including where respect forms are completed and DNACPR instituted!

Specific scenarios (n = 533) Positive examples

. Positive comments n = 58] ‘Our scenario based, in theatre training (for consultants, with consultants) is excellent!

"Plenty of info available for perioperative deterioration, cardiac arrest and management.
- Nuanced/mixed comments (n = 85) Y periop 9

Negative examples

+ Negative comments (n = 390 , )
9 | ) Perioperative cardiac arrest differs from other in hospital arrests and needs to be freated as a special situation.

‘Doesn't always take into account different team structure (eg no medics, anaesthetic lead, theatre team)’

‘This does not mention about some scenarios like when patient is in prone position or having surgery in
head and neck area where fable is turned away from anaesthetic machine. It needs some fraining in terms of
ergonomics or logistics.!

Table 10A.4 Underlying themes from ‘free text’ comments (n = 312) on respondents reporting on the question ‘I was satisfied with the debrief process
following the event. Comments from one respondent may have created one or more themes. MDT, multidisciplinary team.

Themes (number of sentiments) Examples

Positive experience (n = 194) ‘Everyone at the arrest were present. All contributed. Those that had seemed shaken at the event, looked
happier after the debrief!

‘Everyone had the chance fo speak and analyse the events leading up to the airway loss during
fracheostomy insertion.

‘Informal debrief was satisfactory to all, in view of positive outcome. Team all well known to one another
and able to talk openly and supportively.

Nuanced/mixed experience ‘Informal led by a surgeon not trained in debriefing. Would have benefited from a further cold debrief!

(n=43) "Would have been good to do a cold debrief with MDT but difficult due to shift work!

Negative experience (n = 76) ‘The whole process was so traumatising. On reflection, | feel we need two types of formal debriefs -
hot and cold!

"Was conducted in the wrong way for a hot debrief and led to a lot of upset and feelings of criticism.

‘It involved anyone involved in the arrest, so difficult for consultant anaesthetists to open up with very junior
members of the team there. Also didn't really discuss what went well, what could be improved. No individual
debriefing occurred!
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The NAP7 Activity Survey: patient characteristics,
anaesthetic workload and techniques in the UK

Jasmeet Soar Richard Armstrong Emira Kursumovic

Matthew Davies Tim Cook

Key findings What we already know

B The Activity Survey data show increasing age, obesity and Detailed contemporary knowledge of the characteristics of the
comorbidity trends leading to an increasingly complex surgical population, national anaesthetic workload, anaesthetic
perioperative workload. techniques and behaviours is essential to monitor productivity,

B Of 416 NHS hospital sites invited to participate, 352 (85%) inform policy and direct research themes. In the UK, the impact
completed the Activity Survey and reported 24,172 cases of COVID-19 on healthcare has been far reaching, including

of anaesthetic activity during November 2021. significant pressure on critical care infrastructure, staff and
resources and concomitant reductions in operating activity

during COVID-19 waves (Kursumovic 2021). Waiting lists have
been rising for several years and the COVID pandemic has
exacerbated this issue (Land Clark & Peacock 2022). Large-
scale data about national anaesthetic practice and the overall
surgical population are sparse in the UK and have been provided
B Weekend elective anaesthesia work represented 4% of intermittently by the NAPs of the RCoA on a three- to four-yearly
total elective activity. cycle (Sury 2014; Kemp 2018; Kane 2023).
B In non-obstetric patients, between NAP5 (2013) and NAP7
(2021), the estimated median age of patients increased by

B We estimated that the annual anaesthetic activity was 2.71
million cases at the time of the survey.

B Of total anaesthetic activity, 89% occurred during
weekdays and 11% at weekends, 90% during daytime, 6% in
evenings and 4% overnight.

Detailed methodology for this study can be found in Chapter 6
NAP7 Methods and the original publication in Anaesthesia (Kane

2.3 years from 50.5 years (IQR 28.4-69.1 years) to 52.8 2022).
years (IQR 32.1-69.2 years).
B In non-obstetric patients, the median body mass index What we found
(BMI) increased from 24.9 kg m2 (IQR 21.5-29.5 kg m?)
to 26.7 kg m2 (22.3-31.7 kg m. Activity reports
B The proportion of patients who scored as ASA physical Of 416 NHS sites across 182 NHS trusts or boards across the
status 1 decreased from 37% in NAP5 to 24% in NAP7. UK invited to the study, 352 sites (85%) participated. From

B The use of fotal infravenous anaesthesia increased from 8% of  1hese sites, the NAP7 Activity Survey received 24,177 individual
general anaesthesia cases fo 26% between NAP5 and NAPY. forms. Five cases were removed after screening for careless

B Patients with confirmed COVID-19 accounted for only 149 dafa becal.J?e of o hlgh.sus!muon of felse clia’ra. TWélve fo.rms.
. were modified after being judged authentic but with an illogical
(0.6%) of cases reported to the Activity Survey.
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mis-click. This process left 24,172 cases in the final database
(Figure 11.1), equating to an estimated NHS annual caseload of
2.71 million (Appendix 11.1). In addition, independent hospitals
reported 1900 cases, which are discussed separately in Chapter
14 Independent sector.

Workload

Of the total activity, 21,629 (89%] cases occurred during
weekdays and 2543 (11%) during weekends (Figure 11.2) The daily
activity of cases classified as urgent or immediate, according

to the National Confidential Enquiry into Patient Outcome and
Death (NCEPOD) classification, was similar across the week. In
contrast, between 2536 and 3116 elective procedures (day case
and planned inpatient stay) were recorded daily during weekdays,
with 408 on Saturday and 113 on Sunday. Weekend elective work
represented 4% of the total elective activity. Of total anaesthetic
activity, 90% occurred during the daytime (08:00-17.59), 6%
during the evening (18:00-23:59) and 5% at night (00:00-
07:59). Of the total activity by specialty, elective orthopaedic

Figure 11.1 Flow chart of cases in the NAP7 Activity Survey

24,177 cases
reported

5 cases removed-
highly suspected
to be false
complication data

12 cases modified-
probable mis-click

24,172 cases in final
dataset

20,996 non-
obstetric cases

3,176 obstetric
cases

1,681 Caesarean
sections

1,010 obstetric
analgesia

485 obstetrics other
(e.g. tear repair)

surgery, general surgery and orthopaedic trauma were the three
largest by workload. During the evening, the greatest case load
moved from orthopaedics to obstetrics, with this effect more
pronounced overnight. During the evening, the greatest case
load moved from orthopaedics to obstetrics, with this effect
more pronounced overnight (Table 111, Figure 11.3).

Table 11.1 Anaesthetic workload by time of day and National Confidential
Enquiry into Patient Outcome and Death (NCEPOD) classification®

Daytime  Evening Night
NCEPOD (0800- (1800- (0000- Total
classification 1759) 2359) 0759)
Elective (day 9973 65 7 10045
case)
Elective (planned 4092 58 6 4156
inpatient stay)
Expedited 2828 159 41 3028
Urgent 2694 596 456 3746
Immediate 207 101 121 429
Not applicable! 1850 371 547 2768
Total 21644 1350 178 24172
* Data are the number of cases submitted.
T includes caesarean sections.

Figure 11.2 Anaesthetic workload by weekday and NCEPOD
classification. Data are the number of cases submitted each day by
NCEPOD category of urgency. Elective (day case] M, Elective (planned
inpatient stay) M, Expedited M, Urgent B, Immediate M.
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Figure 11.3 Anaesthetic workload specialty and time of day. Data are the raw number of cases submitted by specialty during each period and the
percentage. Histogram bars represent the relative volume of work during each period of the day, scaled to the maximum in each period.

Specialty Daytime (0800-1759) Evening (1800-2359) Night (0000-0759) Total

Raw %

Orthopaedics - cold/elective _ 19 ‘|

General Surgery _69 141 ‘-

Orthopaedics - trauma _32 7.6 ‘I

Urology - 79 59 I

Gynaecology - 4] I

Obstetrics: Caesarean section - 15.0

ENT I 15

Abdominal: lower GI - 7.6 .

Ophthalmology - 1.0 37 -

Obstetrics: labour analgesia . . 159 0.3 - 1010 4.2
Plastics ] 720 33 25 19 | g 208 [ 753 31
Dental B 4 34 1 ol o o7 ms 3
Maxillo-facial ] 568 268 7 13 5/ oo 50 24
Abdominal: upper Gl ] 19 23] 6 121 n o4l 53 22
Obstetrics: other ] 212 ol o5 s s ool 485 20
Other H 392 18|l 3 171 20 143l 435 18
Neurosurgery ] 38, 171 0 2 A | 424 18
Vascular ] 369 17 31 23] 7 31 407 17
Pain ] 249 12 | 8 06 30 o6l 260 17
Gastroenterology ] 243 1] 8 06| s o3l 259 1
Abdominal: hepatobiliary ] 28 10| 8 06 2 o7l 228 09
Radiology: diagnostic ] 22 10 2 0l o o2l 24 09
Cardiac surgery ] 203 09 6 04| 30 00l N0 09
Thoracic Surgery ] 98| 09 50 04 o o3l 203 08
Radiology: interventional ] 79 o8] nl os]| 7 ool 197 08
Spinal | 182 08 4 03 I | 187 | 08
Abdominal: other | 167 o8l 3 10| 6 ol 186 08
Psychiatry | 150 07 0 00 o osl 150 06
Other minor operation I 134 06 5| 04 > ool w06
Cardiology: electrophysiology | 131 0.6 3 0.2 1 021 135 0.6
Cardiology: interventional | 93 04 50 04 8 o1l 106 04
Transplant 74 03| 1 08 | 10 07 | 95 04
Other major operation 70 0.3 2 01 0.8 74 0.3
Burns 39 02 0o 00 o 02 39 02
Cardiology: diagnostic 24 0.1 2 0.1 1 0.0 27 0.1
None nloool 3] 02 6| o1 20 01
Total 21644  100.0 1350 100.0 1178 100.0 24172 100.0
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Patient characteristics

COVID-19 status

There were 149 (0.6%) patients who were COVID-19 positive and
794 (3%) cases had an unknown COVID-19 status at the point

of surgery. Of those who were COVID-19 positive undergoing
surgery, 87 (58%) were not hospitalised with COVID-19 and 55
(37%) were hospitalised with COVID-19 at the point of surgery.
By specialty, obstetrics, general surgery and orthopaedic trauma
had the highest burden of patients with COVID-19 by absolute
numbers (Table 11.2, see Appendix 11.2).

Age and sex

Of the 24,172 patients, 14,077 (58%) were female, 10,082 (42%)
were male, and sex was reported as unknown in 13 (< 1%) cases
(Figure 11.4). After removing patients undergoing obstetric
procedures, there were 10,907 (52%) female and 10,078 (48%)
male patients in the survey.

ASA status

Across the whole patient cohort, there were 5,910 (24%) patients
with ASA physical status grade 1, 11,819 (49%) ASA 2, 5508 (23%)
ASA 3, 869 (4%) ASA 4, 49 < 1%) ASA 5 and 17 (< 1%2%) ASA 6
(Figure 11.5). The proportion of patients recorded as ASA 3-6 or
more was highest at the extremes of ages (70% of neonates and
81% aged > 85 years) and lowest in early adulthood (7% aged
19-25 years).

Figure 11.4 Patient age and sex. Obstetric cases are marked in green.
Male ™, Female M, Obstetric cases M.
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Figure 11.5 ASA physical status distribution by age. Data show the proportion of patients by age for: A] ASA (1 M, 2 B, 3 B, 4 B, 5 B, ASA 6 not
included, n=24,155). Values above the bars show the number of patients in each group.
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Body mass index

In adult patients where BMI was reported: 431(2%) were
underweight (BMI < 18.5 kg m-2); 7,635 (38%) were normal
weight (BMI18.5-24.9 kg m-2); 5,673 (28%) were overweight
(BMI 25.0-29.9 kg m-2); 3,613 (18%) were obese class 1 (BMI
30.0-34.9 kg m2); 1,655 (8%) were obese class 2 (BMI 35.0-
39.9 kg m=?) and 1,019 (5%) were obese class 3 (BMI > 40.0

kg m-2). The proportion of patients in each category varied with
age. Young and old patients had lower BMI scores than patients
in middle age ranges (Figure 11.6).

Activity trends since previous NAPs

BMI trends

The estimated median BMI increased between NAP5 and NAP7
from 24.9 kg m=? (IQR 21.5-29.5 kg m=?) to 26.7 kg m~2 (IQR
22.3-31.7 kg m-?), while the proportion of patients classified as at
least overweight increased from 49% to 59% (Figure 11.8). Within
the obstetric population requiring anaesthetic intervention, the
increase in obesity was more pronounced. The estimated median
BMI increased from 24.8 kg m=2 (IQR 21.6-29.8 kg m~2) to 2711
kg m2 (IQR 22.7-32.4 kg m-?) and the proportion classified as
at least overweight increased from 46% to 62% (Figure 11.9). The
distributions of BMI in non-obstetric and obstetric patients were
significantly different between NAP5, NAP6 and NAP7 (non-

Age trends obstetric, p < 0.001; obstetric, p < 0.001)

Within the Activity Survey population, excluding obstetric
patients, the estimated median age of patients increased by from
50.5 years (IQR 28.4-69.1 years) to 52.8 years (IQR 32.1-69.2
years) between NAP5 in 2013 to NAP7 in 2021, with this increase
being similar in females and males (Figure 11.7). The distribution of
patients by age group was significantly different between NAP5,
NAP6 and NAP7 (p < 0.001).

Figure 11.6 BMI distribution by age. (< 18.5 kg m-2 M, 18.5-24.9 kg m-2 M, 25.0-29.9 kg m-2 @, 30.0-34.9 kg m-2 M, 35.0-39.9 kg m-2 M,
40.0-49.9 kg m2 M, 50.0-59.9 kg m-2 M, > 60 kg m-2 M, where BMI was reported and patients aged 19 years and over, n=20,026).
Values above the bars show the number of patients in each group.
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Figure 11.7 Trends in age over time in the NAPs 5 to 7 Activity Survey populations. Data show the proportion of the Activity Survey population by age
in non-obstetric patients the NAP5 M; NAP6 M; NAP7 M. Proportions show the relative change in the population proportion within the group between
NAP5 and NAP7. T, increase; 1, decrease; <*, no change. Percentages may not total 100 due fo rounding.
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Figure 11.8 Trends in BMI over time in the NAP5-7 non-obstetric
Activity Survey populations. Data show proportion of the Activity Survey
population by the BMI distribution in the non-obstetric population.
NAP5 m; NAP6 m; NAP7 m. Proportions show the relative change in
the population proportion within the group between NAP5 and NAP7. T,
increase; 1, decrease; «*, no change. Percentages may not fotal 100 due
to rounding.
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ASA trends

In the non-obstetric population, between NAP5 and NAP7, the
proportion of ASA 1 patients decreased from 6,807 of 18,254
(37%) to 5,075 of 20,996 (24%), a 13% drop. Patients reported

as ASA 2 increased by 5% from 7,206 of 18,254 (39%) to 9,410
or 20,996 (45%) and ASA 3 increased by 6% from 3,345 of
18,254 (18%) to 5,172 of 20,996 (25%; Figure 11.3A). These trends

Figure 11.9 Trends in BMI over time in the NAP5-7 obstetric Activity
Survey populations. Data show proportion of the Activity Survey
population by the BMI distribution in the obstetric population. NAP5

B NAP6 B NAP7 M. Proportions show the relative change in the
population proportion within the group between NAP5 and NAP7. T,
increase; 1, decrease; <*, no change. Percentages may not total 100 due
to rounding.

0.6

16.0%1

0.5

0.4 -

0.3 A

0.2 -

0.1+

Proportion of population

<185 18.5-24.9 25.0-29.9 30.0-34.9 >35.0

BMI (kg m?)

are seen in elective and non-elective work (Figure 11.10). The
distribution of patients by ASA group was significantly different
between NAP5, NAP6 and NAP7 (p < 0.001).

Figure 11.10 Proportion of population in ASA class by NCEPOD classification and over time in the NAP5-7 Activity Survey populations. Trends in ASA in
A) the whole Activity Survey and B-E) by NCEPOD category between NAP cycles. ASATH, ASA 2 B, ASA3 M, ASA 4 B, ASA 5 B, ASA 6 not shown.
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Trends in anaesthetic techniques and monitoring

Of the total non-obstetric anaesthetic workload, the rate of
general anaesthesia reduced from 14,790 of 17639 (84%) of
cases t0 16,604 of 20,288 (82%; Table 11.2, see Appendix 11.2).
Of these, the proportion of cases performed as total intravenous
anaesthesia (TIVA) or propofol as a maintenance agent rose more
than three-fold from 1217 of 15,460 (8%) during NAP5 to 4,414
of 16,739 (26%) in NAP7 (Figure 11.11). Between NAP5 and NAP7,
there was an increase in the use of processed EEG (pEEG) during
general anaesthesia from 429 of 15,460 (3%) to 3,223 of 16,739
(19%) of cases. This was more pronounced as a proportion of
TIVA/propofol as a maintenance agent cases; 175 of 1,217 (14%)
t0 2,799 of 4,414 (62%, Figure 11.12).

A regional anaesthetic block (with or without other anaesthetic
techniques) was used in 2,811 of 20,288 (14%) of cases in the
NAP7 Activity Survey compared with 2,290 of 17,639 (13%)
during NAPS5 (Table 11.3).

Figure 11.11 Percentage of cases where "total intravenous anaesthesia’
or ‘propofol as a maintenance agent’ was used in the NAP5, NAP6
and NAP7 Activity Surveys
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Discussion

These data show increasing age, obesity and comorbidity trends
leading to an increasingly complex perioperative workload (Kane
2023). The extent to which these trends would have occurred
without the COVID-19 pandemic is unclear.

The fact that the perioperative population is 2.3 years older than
nine years ago has important implications. All-cause mortality

in the general population increases approximately 10% for each
year of advancing age and doubles for every 6-7 years of ageing
(Spiegelhalter 2020): 3 2.3-year increase in age equates to an
approximately 27% increase in all-cause mortality. This increase
in age is likely to interact with perioperative risk, most notably for
those patients who are elderly, meaning that morbidity, mortality
and healthcare costs might all be expected fo have risen (Ebeling
2021).

Figure 11.12 Percentage processed EEG use in the NAP5, NAP6 and
NAP7 Activity Surveys. All general anaesthesia cases ™, TIVA cases M.
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Table 11.3 The distribution of anaesthetics given by intended conscious level and with or without regional or neuraxial anaesthesia

Intended conscious level

Anaesthetic technique combination

General anaesthesia General anaesthesia alone 12,737 72 14,253 70
With regional anaesthesia 1455 8 1579 8
With neuraxial anaesthesia 556 3 709 3
With regional and neuraxial anaesthesia 42 <1 63 <1
Sedation Sedation alone 643 4 954 5
With regional anaesthesia 179 1 257 1
With neuraxial anaesthesia 730 4 816 4
With regional and neuraxial anaesthesia 61 <1 228 1
Awake Awsake alone 373 2 374 2
With regional anaesthesia 544 3 623 3
With neuraxial anaesthesia 310 2 37N 2
With regional and neuraxial anaesthesia 9 <1 61 <1
Total 17,639 20,288
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The trends in BMI are also important: with both the prevalence
and severity of obesity in the perioperative population increasing.
During NAP5, the median BMI of the surgical population

was at the top of the ‘normal’ BMI category and in NAP7 it is
‘overweight’, such that it is hard to argue that normal weight

is indeed normal. While the proportion of patients who are
overweight in this survey is no greater than in the population as
a whole (using most recently available English population dats;
Moody 2020), the proportion of patients with obesity is higher:
patients with @ BMI greater than 30 kg m-2 now represent one
in three patients presenting to anaesthetists. Particularly notable
are the proportionate increases in obesity at different severities
between NAP5 and NAP7. For obesity class 1, the relative rise
is less than 20%, whereas the prevalence of obesity class 2
(BMI > 35 kg m=?), the proportion of patients in this group has
almost doubled. However, most recent national data from 2019
pre-date the COVID-19 pandemic, and the impact of various
interventions on national levels of obesity, including lockdowns,
home working and restrictions on outdoor exercise, has yet to
be determined. The increase in obesity in this study appears to
be larger than the trends in the UK population. Obesity is well
documented to be associated with anaesthetic complications,
not least complications of airway management (Cook 2011)

and accidental awareness during general anaesthesia (Pandit
and Cook 2014a), highlighted during previous NAP projects.
Further, obesity is associated with comorbidity (eg obstructive
sleep apnoes, hypertension, ischaemic heart disease, diabetes)
and multimorbidity, which increases the risks of anaesthesia
(Bazurro 2018). Multimorbidity management requires expanded
perioperative services (Onwochei 2020). The impact of obesity
may extend well beyond the physical challenges of obesity to the
theatre team.

The trends in BMI in the obstetric population are even more
pronounced, although it should be noted that the Activity
Surveys capture only obstetric patients who interact with

an anaesthetist and not the whole obstetric population.
Nonetheless, given that obstetrics is an area where much care is
delivered out of hours and by junior anaesthetists (Kemp 2018),
obstetric units need to have appropriate escalation strategies

to support more junior anaesthetists caring for patients with

an elevated BMI, as was highlighted in the Ockenden report
(Ockenden 2022). Individual units will need to consider the
impact on staffing. Further, increased augmentation rates during
labour and increased caesarean section rates in mothers who
are obese are likely to increase the anaesthetic workload in this
group (Odor 2021, Creanga 2022).

While the ASA physical status grade may be considered a

crude measure of comorbidity, it is still strongly associated with
complications, morbidity and mortality rates during and following
surgery (Moonesinghe 2013; Onwochei 2020). Here, we show
that the profile of ASA grades in the surgical population is
shifting towards higher scores, indicating that patients are more
complex with more comorbidities. The ASA scoring system was
updated in 2014 and, more recently, in 2020, with the addition

of several examples requiring specific scores. Following the
2014 updates, there were minimal, if any, alterations in the rates
of underclassification of ASA scores noted over the following
six years (Fielding-Singh 2020). While it is possible that the
2020 updates may alter clinician assessment of ASA scores, it
is unlikely that any impact is of the same order of magnitude as
the effects seen in this study. Therefore, it is plausible that the
observed changes represent actual alterations in the patient
population presenting to NHS hospitals for surgery.

The increased comorbidity burden will increase demand on all
aspects of the perioperative pathway, from preassessment to
complexities on the day of surgery and increased demand for
postoperative level 1.5 (enhanced care) and level 2 or 3 (critical
care) beds (Centre for Perioperative Care and Faculty of Intensive
Care Medicine 2020, Centre for Perioperative Care 2021).
Targets for entry into enhanced care beds based on preoperative
risk are now in place (Centre for Perioperative Care and Faculty
of Intensive Care Medicine 2020).

The Royal College of Anaesthetists Perioperative Quality
Improvement Programme has recently shown that there are
already shortfalls in achieving these targets (Edwards 2021). The
increase in patients who are older, more obese and with high
ASA scores will place additional demand on enhanced care

and critical care beds that may not be able to be met. It is also
likely that this will lead to reductions in theatre efficiency, as

all these factors contribute to increased anaesthetic time and
prolonged turnaround time on a population level (Escobar 2006;
Luedi 2016). Therefore, in the context of our data, the increase
in the UK national waiting list from four million (late 2019) to
seven million (November 2022) patients not only represents an
increase in absolute number but is also an older, more obese
and more comorbid cohort of patients. Efforts to impact the
waiting list must increase operative theatre capacity and upscale
perioperative services from referral to discharge, including
preassessment services and enhanced and critical care beds.

The overall patterns of surgical activity by specialty, time and
day of the week and urgency are similar to historical data (Pandit
and Cook 2014a; Kemp 2018). The top five specialties by
volume (orthopaedic trauma and elective work, general surgery,
orthopaedic elective, urology, gynaecology and obstetrics)
represent more than half of all surgical procedures requiring an
anaesthetist. These data suggest that overall activity patterns
have largely returned to pre-pandemic levels. This activity is

an achievement, given that the system was under significant
pressure in early 2021 during the second and third waves of the
COVID-19 pandemic (Kursumovic 2021). In early 2021, one in
three anaesthetic staff was unavailable to work, 42% of operating
theatres were closed and those that were open were running
considerably below normal activity: overall national surgical
activity was less than 50% of normal activity (Kursumovic 2021).

In addition to changes in patient characteristics, Activity
Survey data offers insights into anaesthetic practice. The most
striking change in behaviour is a three-fold increase in the
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proportion of general anaesthetics given by TIVA from 8%
during NAP5 to 26% in NAP7. The drivers of this are unknown
but may include concerns over environmental impact (Shelton
2022), proposed benefits for cancer recurrence (Chang 2021),
increasing equipment availability and the technique now being
embedded within the new UK postgraduate curriculum. The

use of processed EEG (pEEG) monitoring has also increased.

In cases delivered using TIVA, the rates of pEEG use have
increased from 17% in NAP5 to 62% in NAP7. Again, this is likely
to be a combination of an increased understanding of the risks
of accidental awareness when pEEG monitoring is not used
(Pandit 2014b), together with growing equipment availability and
adherence to guidelines advocating the use of pEEG when TIVA
is used with neuromuscular paralysis (Klein 2021). With emerging
evidence that targeted pEEG scores may reduce rates of
postoperative delirium, it may be that pEEG is used increasingly
with volatile anaesthesia (Evered 2021).

In contrast, the Activity Survey showed that the rates of use of
regional anaesthetic techniques increased from 13% to 14%
between NAP5 and NAP7, with only a 1% absolute increase
but a 7% relative increase in regional blocks. These data

may be confounded by NHS work that has transferred to

the independent sector, known to include large volumes of
orthopaedic surgery, which may be masking more significant
increases.

The NAP7 Activity Survey was the first NAP undertaken in the
COVID-19 era. Data were collected during November 2021,
when there was a relatively constant burden of COVID-19 due
to the delta variant and before the omicron variant became
dominant in December 2021, leading to substantial disruption in
January 2022. The 149 confirmed COVID-19 cases in the survey
account for 1% of the database or around 1in 160 anaesthetic
cases. Of the cases that were COVID-19-positive, most were
non-elective and over half were not hospitalised due to COVID-
19. Most of the burden of patients who were COVID-19 positive
was in obstetrics, general surgery and orthopaedic trauma.
Given the disruption caused by COVID-19, the estimated annual
caseload of 2.72 million is subject to higher uncertainty than in
previous survey iterations.

The COVID-19 pandemic has provided logistical challenges
(Chapter 7 COVID-19). Owing to COVID-19 waves, the volume
of surgical work undertaken has been fluctuating and, resultantly,
this Activity Survey only really represents a snapshot of
November 2021. Further, partly driven by COVID-19 precautions,
we moved away from the paper version of the survey used in

NAPs 4-6 towards the electronic capture of cases. This method
eased the burden of data collection for Local Coordinators

but may have resulted in reduced case capture and may have
reduced confidence in the case reporting rate. Despite this, these
data appear to have high fidelity and are consistent with previous
surveys in key features (eg cases by time of day, specialty mix,
age profile, and sex profile). Even if the response rate is lower, the
high number of cases (> 24,000) and working with proportions
rather than absolute numbers allows a consistent comparison
over time. The median values for age and BMI are based on
where the median would be if the distribution of values within a
group (eg age 46-55 years) were evenly distributed within that
group. This method adds some uncertainty to these values but,
given the large numbers in each NAP survey, we believe that
these represent real changes over time. It does not allow the
reporting of a range as the absolute values within the lowest and
highest groups (eg, age < 28 days) are unknown.

In summary, these data describe an increasingly complex
population of patients that anaesthetists care for in the UK
alongside an increase in TIVA and pEEG use. These data may be
helpful for future planning of perioperative services on local and
national levels.
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Appendix 11.1

Scaling factor workings

It is not possible to simply multiply the weekly caseload by 52

to estimate a yearly caseload because a number of weeks have
bank holidays. Assuming that the activity on a bank holiday is
similar to that on a weekend day, the ‘effective’ number of weeks
can be calculated.

There were 365 days (52.14 weeks) in the data collection period
(16 June 202110 16 June 2022). The number of effective weeks
factors in weekdays and weekends with bank holidays being
assumed as having similar activity to weekends.

There were 9 bank holidays in England and Wales (10 in Scotland
and Northern Ireland) during the data collection period, giving
365 - (104 weekend days + 9 bank holidays) = 252 weekdays.

Effective weeks in the data collection period is (365 x 252)/
(5 x 365) = 50.4 weeks.

Annual caseload as per Pandit method (Sury 2014b)

Cases

Cases reported (4 days/site) 24172
Case per week (x 7/4) 42301
Weeks in year 50.4
Site participation

Totals sites eligible to participate 416
Total sites participating 352
Site participation rate 0.85
Estimated return rate per site 0.93
Estimated annualised caseload 2710618

(cases per week x weeks)/(response rate x site participation rate|

Assumptions and limitations

We have assumed that missing sites are similar to those that
reported cases.

We have assumed that four days of activity at reporting sites
can be extrapolated to annual activity and have not factored
in variation in annual activity caused by COVID-19 and other
pressures on anaesthetic activity.
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Appendix 11.2

Table 11.2A Covid-19 within the Activity Survey population

Elective
COVID-19 status (:;jc::sz) i(r‘::::r?eeni Expedited Immediate u:lanojvrn
stay)

Negative 9775 4079 2793 3196 291 1985 22119
Positive 16 10 29 59 5 30 149
Uncertain (eg PCR in progress) 55 18 129 327 79 185 793
Not applicable or unknown 199 49 77 164 54 57 5N
Total 10045 4156 3028 3746 429 2768 24172

N/A, not applicable; PCR, polymerase chain reaction.

Table 11.2B Covid-19 within the Activity Survey population

COVID-19 status

Hospitalised:

Elective
(day case)

Elective

(planned

inpatient
stay)

Expedited

Urgent

Immediate

N/A or
unknown

Receiving invasive mechanical

ventilation or ECMO 0 0 7 7 2 0 16
Requiring NIV or HFNO 0 1 0 0 0 1 2

Requiring any supplemental 0 0 0 5 . 5 5

oxygen

ONX?/;r::uiring supplemental 5 0 4 17 0 6 29
Not hospitalised:

Limitation of activities 1 2 1 0 2 9

No limitation of activities 8 16 28 2 18 78
Unknown 0 1 0 1 7

Total 16 10 29 59 5 22 149

ECMO, extracorporeal membrane oxygenation; HFNO, high-flow nasal oxygen; N/A, not applicable; NIV, noninvasive ventilation.
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Table 11.2C Covid-19 within the Activity Survey population

COVID-19 status i‘:;’a'ﬁ;? COVID-19 positive U"‘?‘;’;‘:L“g(reeis';c'z N/A or unknown Total
Abdominal:

Hepatobiliary 214 2 3 9 228

Lower Gl 1051 6 39 42 1138

Other 172 0 3 1 186

Upper Gl 485 3 7 28 523
Burns 31 0 3 5 39
Cardiac surgery 192 0 3 17 212
Cardiology:

Diagnostic 24 0 1 27

Electrophysiology 128 1 2 135

Interventional 100 1 106
Dental 671 2 13 59 745
Ear, nose and throat 1282 14 16 44 1356
Gastroenterology 241 3 3 12 259
General surgery 2052 22 92 76 2242
Gynaecology 1863 3 36 60 1962
Maxillo-facial 556 6 10 18 590
Neurosurgery 376 2 37 424
None 10 0 4 20
Obstetrics:

Caesarean section 1463 22 105 91 1681

Labour analgesia 791 I 17 91 1010

Other 368 58 55 485
Ophthalmology 963 18 61 1046
Orthopaedics:

Cold/elective 2431 2 4 59 2496

Trauma 1908 19 84 98 2109
Other 370 6 18 41 435
Other major operation 66 1 1 6 74
Other minor operation 129 0 4 141
Pain 238 2 16 260
Plastics 685 0 24 44 753
Psychiatry 126 0 4 20 150
Radiology:

Diagnostic 196 1 9 8 214

Interventional 176 3 7 n 197
Spinal 177 1 4 187
Thoracic surgery 198 1 0 4 203
Transplant 87 0 1 7 95
Urology 1917 5 52 63 2037
Vascular 382 2 5 18 407
Total 2219 149 793 m 24172

Gl, gastrointestinal; N/A, not applicable.
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Andrew Kane Jasmeet Soar

Key findings

The Activity Survey identified 1,922 potentially serious
complications during 1,337 of the 24,172 cases in NHS
settings: a complication occurred in 1in 18 cases (6%).

Obstetric cases had a high reported major haemorrhage
rate. This effect skewed the complication profile, and
obstetric complications are considered separately in
Chapter 34 Obstetrics.

Of 20,996 non-obstetric cases, 1,705 complications were
reported during 1150 (5%) cases.

Circulatory events accounted for most complications

(616 events, 36%), followed by airway (418, 24%), metabolic

(264, 15%), breathing (259, 15%), ‘other’ (107, 6%) and
neurological (41, 2%) events.

Of these, a single complication was reported in 851 cases
(4%), two complications in 166 cases (0.8%) and three
or more complications in 133 cases (0.6%).

In non-obstetric elective surgery (elective day case or
planned admissions), all complications were ‘uncommon’
(between 10 and 100 per 10,000 cases) or less frequent.

Most complication reports occurred in high-risk settings.
Emergency surgery (urgent and immediate priority)
accounted for 16% of the workload, but 42% of reported
complications.

During emergency surgery, severe hypotension, major
haemorrhage, severe arrhythmias causing compromise,
septic shock, new significant acidosis, and electrolyte
disturbances were all ‘common’ (between 100 and 1,000
per 10,000 cases).

The chance of any complication was associated with
increasing age, higher ASA, male sex, increased frailty,
the urgency and extent of surgery, the day of the week
and time of day based on univariate analysis.

Tim Cook

NAP7 Activity Survey: serious
complications during anaesthesia

Richard Armstrong Emira Kursumovic

What we already know

Perioperative cardiac arrest is rare and, when it occurs, it is
usually associated with an antecedent event or complication
such as hypoxaemia or bleeding (Chapter 13 Reported cases
summary). Knowing how often anaesthetic complications or
events that could progress to cardiac arrest occur could help
anaesthetists formulate strategies to decrease the risk of cardiac
arrest and help inform patients about their perioperative risk.

In addition, these data can help inform which complications
progress to or are associated with severe patient harm, including
cardiac arrest or death during anaesthesia (Kane 2022).

Previous National Audit Projects (NAPs| have focused on specific
complications of anaesthesia, some of which could progress to

a perioperative cardiac arrest. NAP3 reported that cardiovascular
collapse leading to cardiac or respiratory arrest occurred after
1in 101,000 central neuraxial blocks; NAP4 showed major
complications of airway management occurred in 1in 22,000
anaesthetics and NAP6 showed a perioperative incidence of
anaphylaxis of 1in 12,000 with about 1in 7 cases progressing

to cardiac arrest, and about 1in 27 dying (Figure 12.1; Cook

and Thomas 2016).

Describing the incidence of complications and communicating
this incidence with patients can be challenging. In its patient
information resources, the Royal College of Anaesthetists
presents risks for healthy patients having routine surgery in
terms of ten-fold differences in risk (Figure 12.2). These risk
bands are anchored in common sense everyday language to aid
communication (eg rare, common, very common; Table 12.1).
We have used the same terminology to describe the risks of
complications in NAP7.
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Figure 12.1 Incidence of complications in previous NAPs
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Common events and risks in anaesthesia

This summary card shows the common events and risks that healthy adult patients of normal weight face
when having a general anaesthetic for routine surgery (specialist surgeries may carry different risks).

Modern anaesthetics are very safe. There are some common side effects from the anaesthetic drugs or
equipment used which are usually not serious or long lasting. Risk will vary between individuals and will depend
on the procedure and anaesthetic technique used. Your anaesthetist will discuss with you the risks that they
believe to be more significant for you. You should also discuss with them anything you feel is important to you.

There are other less common risks that your anaesthetist will not normally discuss routinely unless they believe
you are at higher risk. These have not been shown on this card.
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Figure 12.2 Risks in anaesthesia (Royal College
of Anaesthetists 2019)
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Activity Survey methods

Categorisation of complications

Intraoperative complications were recorded for every case
during the NAP7 Activity Survey (Chapter 6 Methods). In

Table 12.1 Descriptors of complication frequency

addition to details about the patient and anaesthetic, details of Incidence Definition Per 10 000 Range
complications were reported by the anaesthetist performing (per 10 000)
the case. The data collection form was designed to collect 1in10 1000 per 10 000 >1000
complications that the review panel judged were likely to, or had Common 1in 100 100 per 10 000 | 100 01000
the potential to, be associated with serious harm (Table 12.2). Uncommon 1in 1000 10 per 10 000 10 t0 100
Complications were broadly categorised into airway, breathing, Rare 1in 10 000 1 per 10 000 11010
circulation, neurological, metabolic and other themes. Reporting e 1in100000 | 01 per10 000 Olto]
ZZiEsl::'s’rs could record zero, one or more complications for 111000000  0.01 per 10 000 0011001

Table 12.2 List of complications which could be reported in the NAP7

Activity Survey

Theme Complication Theme Complication

Severe hypotension (central vasopressors
considered/started)

Emergency DC cardioversion

Cardiac ischaemia

Cardiac famponade

New atrial fibrillation

Embolic event (pulmonary embolism/fat/bone
cement/amniotic fluid/air/CO,)

Septic shock

Anaphylaxis

Incompatible blood transfusion

Suspected Addisonian crisis

Cardiac arrest

Airway Failed mask ventilation, supraglottic airway Neurological Stoke, infracranial and/or subarachnoid
placement or fracheal infubation haemorrhage
Laryngospasm Infracranial hypertension (eg new fixed/dilated
Can't intubate, can't oxygenate or emergency pupil or coning]
front of neck airway Seizure
Unrecognised oesophageal infubation Vagal outflow (eg pneumoperitoneum,
Wrong gas supplied, unintentional connection oculocardiac reflex]
to air Neurogenic shock
Airway haemorrhage Death
Aspiration or regurgitation Metabolic New significant acidosis/acidaemia
Other Significant electrolyte disturbance
Breathing Severe hypoxaemia (Ca, Na*, K* or Mg”|
Ventilator disconnection Hyper- or hypothermia
Severe ventilation difficulties (eg bronchospasm, Other Melignant hyperthermia
high airway pressure) Local anaesthetic toxicity
Hyper- or hypo-capnia Emergency call for anaesthesia assistance
Endobronchial intubation Drug error
Pneumothorax (simple or tension) Equipment failure
Circulation Major haemorrhage Infraoperative conversion of anaesthesia
Severe brady- or tachyarrhythmia causing leg local/regional anaesthesia or sedation
compromise to general anaesthesia
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The Activity Survey inclusion period

The NAP7 Activity Survey was completed by anaesthetists and
anaesthesia associates on the day of the procedure

and collected information on 24,712 cases based on four days of
reporting from each NAP7 site (Chapter 11 Activity Survey). The
Activity Survey collected data from cases over a shorter period
(start of anaesthesia until leaving recovery) than for NAP7 case
reporting of perioperative cardiac arrests, which continued up to
24 hours after handover to recovery or a critical care unit (Figure
12.3).

Figure 12.3 NAP7 Activity Survey inclusion period. The Activity Survey and case reporting period began with the World Health Organization checklist
or first hands-on contact. The Activity Survey period ended for most patients at the handover in recovery, while the case registry period lasted a further

24 hours following the handover of care to recovery or critical care. PACU, post-anaesthesia care unit.

Pre-procedure location ™ Theatre ] Recovery / Ward /
™ PACU / Critical Care
—> Radiology ]
I Delivery room 1
—> Home
—> Other areas —

?

WHO Checklist or
Hands-on contact

f f

Handover Home or 24 hours

Post handover

ACTIVITY PERIOD

CASE REPORTING PERIOD

Time

What we found

Numbers of complications reported

We have only reported complications from NHS sites
participating in the Activity Survey. Information from independent
sector sites is discussed in Chapter 14 Independent sector.

In the Activity Survey cohort, 1922 discrete complications were
reported during 1,337 of 24,172 cases. The obstetric population
was noted to have a different complication profile to the non-
obstetric population (high rates of major haemorrhage in awake
patients) and has therefore been excluded from analysis in this

\/

chapter. Full details can be found in Chapter 34 Obstetrics. This
exclusion left 1,705 complications reported during 1,150 of the

remaining 20,996 cases. Of these non-obstetric cases, a single
complication was recorded in 851 cases (3.8%, 1in 26 cases),
two complications in 166 cases (0.8%, 1in 127 cases), and three
or more complications in 133 cases (0.63%, 1in 158 cases;
Figure 12.4).

Circulatory events accounted for most complications, followed
by airway, metabolic, breathing and neurological events (Table
12.3).
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Figure 12.4 Distribution of the number of complications reported during non-obstetric cases in the NAP7 Activity Survey (n = 1,705 complications

during 20,996 cases)
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Table 12.3 Types of complications reported in the Activity Survey during
non-obstetric cases

co;);’iii;rii:on C;?z:':e:”;';s All complications (%)
Airway 418 24
Breathing 259 15
Circulation 616 36
Neurological 41 2
Metabolic 264 15
Other 107 6
Total 1,705 100
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Across all urgencies of surgery, only severe hypotension was
‘common’ (117 per 10,000). Of the other complications, 17 were
categorised as ‘'uncommon’, 17 as ‘rare’, two as ‘very rare’ and six
as ‘extremely rare’ (Table 12.4).

In patients undergoing elective surgery, the rates of many
complications were lower than in the overall population. The
14,136 elective cases (67% of activity) accounted for 705 (41%)

of all complications, suggesting a lower risk of complications in
this cohort (Table 12.5). Conversely, the emergency population
(urgent and immediate surgery) accounted for 3,454 cases

(16% of non-obstetric activity) and 714 (42%) complications
(Table 12.6). In emergency surgery, severe hypotension, major
haemorrhage, severe arrhythmias causing compromise, septic
shock, new significant acidosis, and electrolyte disturbances were

all ‘common’.
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Table 12.4 Rates of complications in all non-obstetric patients in the NAP7 Activity Survey across all levels of urgency. Data are the raw number

and rate per 10,000 cases (95% Cl, Wilson's method) of complications in all cases, general anaesthesia (GA), sedation and awake cases. Complications
are ranked within ‘airway’, ‘breathing’ etc, by absolute number of cases. Colour coding shows frequency as per Table 12.1. Note that 708 cases did not
record the intended level of consciousness. B Common; © Uncommon; = Rare; I Very rare; M Extremely rare (see Table 12.1). AF, atrial fibrillation;
CICO, can't intubate can't oxygenate; eFONA, emergency front of neck airway; PE, pulmonary embolism.

All cases (n = 20996) GA (n =16604) Sedation (n = 2255) Awake (n =1429)
Events Rates Events Rates Events ‘ Rates Events ‘ Rates
Airway
Laryngospasm 157  74.8(640-874) 154  92.7(79.3-108.5) 3 13.3 (4.5 - 39.0)
Failed mask ventilation, supraglottic airway placement or intubation 125 59.5(50.0 - 70.9) 17 70.5(58.8 - 84.4) 8 35.5(18.0 - 69.9)
Other 93 44.3(36.2-54.2) 85 512 (41.4 - 63.3) 6 26.6 (12.2 - 57.9) 2 14.0 (3.8 - 50.9)
Aspiration or regurgitation 27 12.9 (8.8 -18.7) 25 15.1(10.2 - 22.2) 2 8.9 (2.4 -323)
Airway haemorrhage n 52(29-94) n 6.6(3.7-19)
CICO or eFONA situation 3 14(0.5-4.2) 3 1.8(0.6 - 5.3)

12(0.3-4.4)

Unrecognised oesophageal intubation 1.0 (0.3 - 3.5)

Wrong gas supplied / unintentional connection to air

Breathing

Severe ventilation difficulties (eg bronchospasm / high airway pressure) 97 46.2 (379 - 56.3) 94 56.6 (46.3 - 69.2) 3 13.3 (4.5 - 39.0) _
Severe hypoxaemia 62 29.5(23.0 - 37.8) 54 32.5(24.9 - 42.4) 5 22.2(9.5 - 51.8) 3 21.0 (71 - 61.5)
Hypercapnia or hypocapnia 61 291(22.6 - 37.3) 56 33.7(26.0 - 43.8) 3 13.3 (4.5 - 39.0) 2 14.0 (3.8 - 50.9)

Ventilator disconnection 19 9.0 (5.8 -14.1) 18 10.8 (6.9 - 17.1) 1 4.4 (0.8 - 25.1) _

Endobronchial intubation 16 7.6 (4.7 -12.4) 15 9.0 (5.5-14.9) _ 1 7.0 (1.2 - 39.5)

Pneumothorax (simple or tension) 4 19 (0.7 - 4.9) 2 1.2(0.3 - 4.4) 2 8.9(2.4-323) _

Circulatory

Severe hypotension (central vasopressors considered / started) 245 116.7 (103.0 - 132.1) 228 137.3 (120.7 - 156.2) 7 31.0 (15.0 - 63.9) 10 70.0 (38.1-128.3)
Severe brady- or tachyarrhythmia causing compromise 18 56.2 (47.0 - 67.3) 99 59.6 (49.0 - 72.5) 10 44.3 (24.1 - 81.4) 9 63.0(33.2-119.3)
Major haemorrhage 110 52.4(43.5-63.1) 102 61.4 (50.6 - 74.5) 7 31.0 (15.0 - 63.9) 1 7.0 (1.2 - 39.5)
Septic shock 41 195(144-265) 40 241(177-328) _ 1 7.0 (1.2 - 39.5)
Cardiac arrest 30 14.3(10.0 - 20.4) 20 12.0 (7.8 - 18.6) 6 26.6(12.2-579) 4 28.0(10.9 - 71.8)
New AF 27 12.9(8.8-18.7) 22 13.2(8.8 - 20.1) 2 89(2.4-323) 3 21.0(7.1- 615)
Cardiac ischaemia 16 7.6 (4.7 - 12.4) 13 7.8 (4.6 - 13.4) 3 13.3 (4.5 - 39.0) _
Emergency DC cardioversion 10 4.8(2.6-8.8) 8 4.8(2.4 -9.5) 1 4.4 (0.8 - 251) 1 7.0 (1.2 - 39.5)
Anaphylaxis 9 43(23-81) 8 4.8(24-95) _ 1 7.0 (1.2 - 39.5)
Cardiac tamponade 5 2.4 (1.0 - 5.6) 3 1.8 (0.6 - 5.3) 1 4.4 (0.8 - 25.1) 1 7.0 (1.2 - 39.5)
Embolic event (PE / fat / bone cement / amniotic fluid / air / CO,) 4 1.9(0.7 - 4.9) 2 12(0.3-4.4) 89(2.4-323)

Suspected Addisonian crisis 0.5(0.1-2.7) 0.6 (0.1-3.4)

Incompatible blood transfusion

Neurological

Stroke, intracranial haemorrhage and/or subarachnoid haemorrhage) 16 7.6(4.7 -12.4) m 6.6(3.7-19) 2 89(2.4-323) 3 21.0 (7.1 - 61.5)
Intracranial hypertension (eg new fixed/dilated pupil or coning) 9 43(23-81) 8 4.8(24-9.5) 4.4 (0.8 - 25.1)

Seizure 7 33(1.6-6.9) 7 42(2.0-87)

Vagal outflow (eg pneumoperitoneum, oculo-cardiac reflex) 5] 2.4(1.0-5.6) 4 24(09-6.2) 7.0 (1.2 - 39.5)
Death 4 19(0.7 - 4.9) 2 1.2(0.3-4.4) 8.9(2.4-323)

High neuraxial block

Neurogenic shock

Metabolic

New significant acidosis / acidaemia 126 60.0 (50.4 - 71.4) 19 71.7 (599 - 85.7) 3 13.3 (4.5 - 39.0) 4 28.0 (10.9 - 71.8)
Significant electrolyte disturbance (Ca?*, Na*, K* or Mg?!) 97 46.2 (379 - 56.3) 92 55.4(45.2 - 67.9) 2 89 (2.4 -323) 3 21.0 (7.1 - 61.5)
Hyperthermia or hypothermia Al 19.5(14.4 - 26.5) 39 23.5(17.2 - 32.) 2 89 (2.4 -323) _
Other

Emergency call for anaesthesia assistance 43 20.5(15.2 - 27.6) 34 20.5(14.7 - 28.6) 5 22.2(9.5-51.8) 4 28.0 (10.9 - 71.8)
Intraoperative conversion of anaesthesia (eg LA/RA/sedation to GA) 33 15.7 (1.2 - 22.1) 21 12.6 (8.3-19.3) 7 31.0 (15.0 - 63.9) 5 35.0(15.0 - 81.6)
Equipment failure 22 10.5 (6.9 - 15.9) 21 12.6 (8.3-19.3) 1 4.4(0.8-251)

Drug error 4.3(2.3-81) 7 4.2(2.0-87) 8.9 (2.4 - 32.3)

Local anaesthetic toxicity

Malignant hyperthermia

Total complications
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Table 12.5 Rates of complications in elective non-obstetric patients in the NAP7 Activity Survey (elective day surgery and planned admission).

Data are the raw number and rate per 10,000 cases (95% Cl, Wilson's method) of complications in all cases, general anaesthesia (GA), sedation and

awake cases. Complications are ranked within ‘airway’, ‘breathing’ etc, by absolute number of cases. Colour coding shows frequency as per Table 12.1.

B Common; "' Uncommon;

emergency front of neck airway; PE, pulmonary embolism.

All cases (n = 14136)

GA (n = 11194)

Sedation (n =1679)

Rare; ™ Very rare; M Extremely rare (see Table 12.1). AF, atrial fibrillation; CICO, can't intubate can't oxygenate; eFONA,

Awake (n =1051)

Events ‘

Events ‘

Rates Rates Events Rates Events Rates
Airway
Laryngospasm 107 757(627-914) 104 929(76.7-112.4) 3 179 (6 - 52.4)
Failed mask ventilation, supraglottic airway placement or intubation 70 49.5(39.2 - 62.5) 65 58.1(45.6 - 73.9) 5 29.8 (127 - 69.5)
Other 53 375(287-490) 48  429(32.4-568) 4 238(93- 611) 9.5(17 - 53.7)
Aspiration or regurgitation 15 10.6 (6.4 - 17.5) 13 11.6 (6.8 - 19.9) 2 11.9 (3.3 - 433)
Airway haemorrhage 4 2.8(11-73) 4 3.6(1.4-9.2)

CICO or eFONA situation
Unrecognised oesophageal intubation

Wrong gas supplied / unintentional connection to air

Breathing

Severe ventilation difficulties (eg bronchospasm / high airway pressure) 48
Severe hypoxaemia 32
Hypercapnia or hypocapnia 22
Endobronchial intubation m

Ventilator disconnection 8

Pneumothorax (simple or tension) 2

Circulatory

Severe hypotension (central vasopressors considered / started) 74
Severe brady- or tachyarrhythmia causing compromise 63
Major haemorrhage 31

Cardiac arrest 12
New AF 12

Emergency DC cardioversion

Anaphylaxis

Cardiac ischaemia

Septic shock

Embolic event (PE / fat / bone cement / amniotic fluid / air / CO,)
Cardiac tamponade

Suspected Addisonian crisis

Incompatible blood transfusion

Neurological
Seizure 4
Vagal outflow (eg pneumoperitoneum, oculo-cardiac reflex) 2

Intracranial hypertension (eg new fixed/dilated pupil or coning)
Stroke, intracranial haemorrhage and/or subarachnoid haemorrhage)
High neuraxial block

Neurogenic shock

Death

Metabolic

New significant acidosis / acidaemia 31
Hyperthermia or hypothermia 15
Significant electrolyte disturbance (Ca?*, Na*, K* or Mg?*) 10
Other

Intraoperative conversion of anaesthesia (eg LA/RA/sedation to GA) 23
Emergency call for anaesthesia assistance 18
Equipment failure 10
Drug error

Local anaesthetic toxicity

Malignant hyperthermia

Total complications

34.0(25.6 - 45.0) 46

22,6 (16.0 - 319) 30

15.6 (10.3 - 23.6) 20
7.8(4.3-139) 10
57(29-1.2) 8

1oa-s2 (a0 osio2es)

52.3 (417 - 65.7) 72
44.6 (349 - 57.0) 54

219 (15.5 - 311) 29
8.5(4.9 -14.8) 10
8.5(4.9 -14.8) 10
42(19 -9.3) 4
42(19-9.3) 6
35(1.5-8.3) 4
1.4(0.4-52) 2

28(11-7.3)
1.4(0.4-52)
1.4(0.4-52)

219 (15.5 - 31.1) 30
10.6 (6.4 - 17.5) 14
71(3.8-13.0) 9
163 (10.8 - 24.4) 14
127 (8- 20.) 14
71(3.8-13.0) 9

21(07-6.2)

411(30.8 - 54.8)
26.8(18.8 - 38.2)
17.9 (1.6 - 27.6)
89(4.9-16.4)
71(3.6 -141)

64.3(511- 80.9)
48.2(37.0 - 62.9)
259 (18.0 - 37.2)
89 (4.9 -16.4)
89 (4.9 -16.4)
3.6(1.4-92)
5.4(2.5-117)
3.6(1.4-92)
1.8 (0.5 - 6.5)

3.6(14-92)

26.8(18.8 - 38.2)
12.5 (7.5 - 21.0)
8.0(4.2-15.3)

125 (7.5 - 21.0)
125 (7.5 - 21.0)
8.0(4.2-15.3)
27(09-79)

2 119 (3.3 - 433)
2 11.9(3.3 - 433)
119(3.3 - 433)

1 6.0 (1.1-337)
1 6.0 (1.1-337)
6 357 (16.4 - 77.7)
2 1.9(3.3 - 433)
1 6.0 (1.1-337)
2 1.9(3.3-433)

1 6.0 (1.1-337)
1 6.0 (1.1-337)
5 29.8 (127 - 69.5)
3 17.9 (61 - 52.4)

6.0 (1.1-33.7)

6.0 (11-337)

6.0 (11-337)
6.0 (11-33.7)

6.0 (1.1-337)

9.5(1.7 - 53.7)

1 9.5(1.7 - 53.7)
28.5(9.7 - 83.6)

9.5(1.7 - 53.7)

1 9.5(1.7 - 53.7)

9.5(1.7 - 53.7)

9.5(1.7 - 53.7)

4 381(14.8 - 97.4)
9.5(1.7 - 53.7)
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Table 12.6 Rates of complications in patients undergoing emergency (urgent and immediate] non-obstetric surgery in the NAP7 Activity Survey.

Data are the raw number and rate per 10,000 cases (95% Cl, Wilson's method) of complications in all cases, general anaesthesia (GA), sedation and

awake cases. Complications are ranked within ‘airway’, ‘breathing’ etc, by absolute number of cases. Colour coding shows frequency as per Table 12.1.

B Common; ™ Uncommon;  Rare; ™ Very rare; M Extremely rare (see Table 12.1). AF, atrial fibrillation; CICO, can't infubate can't oxygenate; eFONA,

emergency front of neck airway; PE, pulmonary embolism.

Airway

Other

Failed mask ventilation, supraglottic airway placement or intubation
Laryngospasm

Airway haemorrhage

Aspiration or regurgitation

CICO or eFONA situation

Unrecognised oesophageal intubation

Wrong gas supplied / unintentional connection to air

Breathing

Severe ventilation difficulties (eg bronchospasm / high airway pressure)
Severe hypoxaemia

Hypercapnia or hypocapnia

Ventilator disconnection

Endobronchial intubation

Pneumothorax (simple or tension)

Circulatory

Severe hypotension (central vasopressors considered / started)
Major haemorrhage

Severe brady- or tachyarrhythmia causing compromise

Septic shock

Cardiac arrest

New AF

Cardiac ischaemia

Cardiac tamponade

Emergency DC cardioversion

Anaphylaxis

Embolic event (PE / fat / bone cement / amniotic fluid / air / CO,)
Suspected Addisonian crisis

Incompatible blood transfusion

Neurological

Stroke, intracranial haemorrhage and/or subarachnoid haemorrhage)
Intracranial hypertension (eg new fixed/dilated pupil or coning)
Death

Seizure

Vagal outflow (eg pneumoperitoneum, oculo-cardiac reflex)

High neuraxial block

Neurogenic shock

Metabolic

New significant acidosis / acidaemia

Significant electrolyte disturbance (Ca2*, Na*, K* or Mg?*)

Other

Hyperthermia or hypothermia

Emergency call for anaesthesia assistance

Intraoperative conversion of anaesthesia (eg LA/RA/sedation to GA)
Equipment failure

Drug error

Local anaesthetic toxicity

Malignant hyperthermia

Total complications

All cases (n = 3454) GA (n=2906) Sedation (n = 298) Awake (n = 186)

Events ‘ Rates Events ‘ Rates Events Rates Events Rates

23 66.6 (44.4 - 99.7) 21 72.3(47.3-110.2) 2 671(18.4 - 241.4)

22 63.7 (421 -96.3) 19 65.4 (419 -1019) 100.7 (34.3 - 291.8)

20 579 (37.5 - 89.3) 20 68.8 (44.6 - 106.1)

6 17.4 (8.0 - 37.8) 6 20.6 (9.5 - 45.0)

5 14.5 (6.2 - 33.8) 5 17.2 (7.4 - 40.2)

2 5.8 (1.6 - 211) 2 6.9 (19 - 251)

29(0.5-16.4)

86.9 (60.9 - 123.7)
550 (35.2 - 85.8)
49.2(30.8 - 78.7)
14.5(6.2 - 33.8)
8.7(3.0 - 25.5)
5.8 (1.6 - 211)

408.2 (34722 - 479.5)
1795 (1403 - 229.4)
110.0 (80.3 - 150.6)
110.0 (80.3 - 150.6)
43.4(26.3-715)
37.6(22.0 - 64.3)
26.1(13.7 - 49.5)
14.5(6.2 - 33.8)
8.7 (3.0 - 25.5)
29(0.5-16.4)
29(0.5-16.4)

31.8(17.8 - 56.9)
17.4(8.0 - 37.8)
116 (4.5 - 29.7)
5.8(1.6 - 211)
5.8(1.6-211)

231.6 (186.5 - 287.3)

2229 (1787 - 277.7)

579 (37.5 - 89.3)
55,0 (35.2 - 85.8)
14.5(6.2 - 33.8)
1.6 (4.5 - 29.7)
87(3.0 - 25.5)

3.4(0.6 -19.5)

29 99.8(69.6-143.0) 1 33.6 (5.9 - 187.6)
15 51.6 (31.3 - 85.0) 671(18.4 - 241.4) 107.5 (29.5 - 383.5)
16 551(33.9 - 89.3) 53.8 (9.5 - 298.2)
5 17.2 (7.4 - 40.2)
3 10.3 (3.5 - 30.3)
1 3.4(0.6-19.5) 33.6 (5.9 - 187.6)

4405 (3717 - 521.3) 167.8 (719 - 386.7) 4301(219.5 - 825.6)
199.6 (154.7 - 257.) 100.7 (34.3 - 291.8) 53.8(9.5-298.2)

106.7 (75.3 - 151.0) 134.2 (52.3 - 340.0) 161.3 (55.0 - 463.4)
127.3 (925 - 175.0) 53.8(9.5-298.2)

9 31.0 (16.3 - 58.8) 134.2 (52.3 - 340.0) 107.5 (29.5 - 383.5)
n 379 (211- 67.7) 107.5 (29.5 - 383.5)

7 241(11.7 - 49.6) 671(18.4 - 241.4)
3 103 (3.5-30.3) 33.6 (5.9 - 187.6) 53.8(9.5 - 298.2)
3 103 (3.5-30.3)

3.4(0.6 -19.5)

33.6 (5.9 - 187.6)

27.5(14.0 - 54.2) 33.6 (5.9 - 187.6) 107.5 (29.5 - 383.5)
20.6 (9.5 - 45.0)
69 (1.9 - 25.)
69 (19 - 25.)
69 (19 - 25.)

671(18.4 - 241.4)

NN O

2581(206.4 - 322.3) 100.7 (34.3 - 291.8) 107.5 (29.5 - 383.5)
2512(200.3 - 314.7) 33.6 (59 - 187.6) 161.3 (55.0 - 463.4)
19 65.4 (419 - 101.9) 1 33.6 (5.9 - 187.6) _
16 551(33.9 - 89.3) 2 671(18.4 - 241.4) 1 53.8 (9.5 - 298.2)
2 69 (19 - 251) 671(18.4 - 241.4) 1 53.8(9.5-298.2)

4 13.8 (5.4 - 35.3)
69 (19 - 251) 33.6 (5.9 - 187.6)
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Demographics of cases with complications

Complications were more likely to occur in cases done at
weekends, at night, during urgent or longer complex cases, in
neonates, in patients with higher ASA scores, or in patients living
with frailty (Figure 12.5).

Figure 12.5 Univariate analysis showing the effect of various factors on the chance of perioperative complication. Data show the proportion of

cases reporting complications by: (A) age; (B] ASA; (C) sex; (D) clinical frailty scale; (E) NCEPOD category; (DC, day case; IP, planned inpatient stay);
(F) combined anaesthetic and surgical time; (G) surgical complexity; (H) day of the week; (I) time of day. All variables P < 0.001, Chi-squared test. Error
bars represent 95% confidence interval.

0.4 1 (A)Age 0.7 1 (B) ASA 0.10 1 (C) Sex
0.6 -
0.3 - |
8 s % 8
£ £ 0.4 - £
o 0.2 - <] S 0.05 -
=3 2 0.3 - -3
S 9 9
A g1 a 0.2 - I a
T B 0.1 -
0.0 - 00 L m M 0.00
£ MR8 38R8R 1 2 3 4 5 Female Male
m Qo
£ 3 22o222222%y
z N rPel8388R0
0.7 - (D)CFS 05 . |E}NCEPOD category 05 - (F) A.naes.fhetic and
0.6 1 surgical time
c 0.4 - 0.4 4
._g 0.5 c c
= K] o
o 04 - £ 0.3 £ 0.3 -
a o o
S 03 & 02 g 021
0.2 - a a
0.1 0.1
0.1 - -
0.0 - 0oL m M [] 0.0
1 2 3 4 5 6 7 8 9 (%) z 3 £ 2 <30 >30to >lhto >2hto >4hto >8
= r 5 o 2 min 60 min  2h 4h 8h  hours
o 2 b 5 o
=2 Eo a £
b b o £
K w =
w
0151 (G) Grade of surgery 015 1 (H) Day of week 030 1 (1) Time of day
So10 § 0.0 - § 0.20
t t t
] ] <]
g & : &
£0.05 - . So.05 E 0.10
0.00 j 0.00 0.00 —-
Minor Intermediate  Major or Mon Tue Wed Thurs Fri Sat Sun Daytime Evening Night
Complex (0800-1759) (1800-2359) (0000-0759)

A\

129



Activity Survey - complications

Perioperative cardiac arrest and death in the
Activity Survey

In the cohort of non-obstetric patients, 30 cases included
‘cardiac arrest’ as a complication (14 per 10,000), of which 5
would not have reached the threshold for inclusion as a NAP7
case (5 or more chest compressions and/or defibrillation),
bringing the overall rate for NAP7-type cases to 12 per 10,000
(Table 12.7). Of these 30 patients, 7 (23%) reported either 'no
return of spontaneous circulation’ [ROSC) or ‘initial ROSC but
not surviving to the postoperative area’. For elective patients, the
rate of cardiac arrest was 8.4 per 10,000 cases, but this reduced
to 7.7 per 10,000 when a case reporting less than 5 chest
compressions was excluded. There were no deaths reported in
elective patients in the Activity Survey.

Table 12.7 Activity Survey cases in which ‘cardiac arrest’ was reported as a complication. Data show the frequency of events in non-obstetric patients

by combinations of chest compressions and defibrillation. Only combinations reporting at least one event are shown. Events highlighted in light blue

would not have been included to the NAP7 case registry.

Chest compressions  Defibrillation  Outcome Elective Emergency
No No No ROSC 1 1
No Yes ROSC with survival to postoperative area 1 1
Yes < 5 No No ROSC 1 1
Yes < 5 No ROSC with survival fo postoperative area 1 1
Yes 25 No No ROSC 3 3
Yes >5 No ROSC with survival fo postoperative area 15 7 7
Yes >5 Yes Initial ROSC but did not survive to postoperative area 1
Yes >5 Yes ROSC with survival to postoperative area 4 3 1
Yes >5 Yes No ROSC 1 1
Unknown Unknown 2 1
Total cases: 30 12 15
Denominator 20,996 14,316 3,454
Rate per 10 000 cases 14.3 8.4 434
Discussion

While many studies have evaluated postoperative complications
associated with anaesthesia and surgery, there are limited data
about complications that occur during the procedure. Here,

we show in non-obstetric patients that potentially serious
complications occurred in 1in 18 (6%) cases.

The distribution of types of complications merits discussion.

A key finding is that circulatory complications are notably

more frequent than others. In particular, severe hypotension

and arrhythmias associated with compromise were notable for
their frequency. Among airway problems, laryngospasm and
airway failure were the most common, with almost all other
complications rare. The most frequent breathing complications
were problems with lung ventilation and severe hypoxaemia.
Metabolic complications, most notably new acidaemis, were also
relatively prominent. All these events were notably less common
in elective cases and notably more common in emergency cases

(the difference in rate being up to 10-fold). In emergency cases,
profound hypotension, bradycardia, major haemorrhage and
septic shock were the four most frequent complications and
were all common. Complications were notably more frequent
during general anaesthesia than in sedated or awake patients.
However, it is likely at least some of this is a matter of case mix
and, in emergency patients, complications became frequent
across these domains. The relatively high rate of circulatory
complications, including severe hypotension, bradycardia

and haemorrhage (Chapter 13 Reported cases summary) has
marked parallels with the case registry phase of NAP7 in which
cardiac arrest due to haemorrhage, isolated hypotension and
bradycardia were very prominent. The findings are important
for communication with patients and for the awareness of
anaesthetists but also offer potential targets for risk mitigation
and prevention.
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During consent for anaesthesia, the ‘risks associated with
anaesthesia should be discussed’, according to the current
Guidelines for the Provision of Anaesthesia Services (Royal
College of Anaesthetists 2023). The College provides valuable
patient information leaflets for common events and risks to

aid this consent process. Thankfully, many anaesthetics occur
without serious incidents (Chapter 18 Good care). Nonetheless,
complications with a low likelihood of occurrence do occur,
given the high number of cases performed annually in the UK.
The current data add to our understanding and will help to refine
the consent process (Figure 12.6).

of cases. In our survey, the more extreme endpoint of a failed
mask, SGA or tracheal intubation occurred in 0.7% of general
anaesthesia cases and, again, this has face validity.

The reported rate of anaphylaxis was 4.3 per 10,000 cases,
higher than the value in NAPé (approximately 1 per 10,000;
Harper 2018), but the lower end of our confidence interval

(Cl, 2.3 per 10,000 is not far from the NAPé value. Confirming
the diagnosis of anaphylaxis requires further investigation and
this was not possible in the NAP7 Activity Survey reporting time
window, which may have led to an overestimation as suspected

Figure 12.6 Rates of events reported during the NAP7 Activity Survey in elective cases compared to current information for patients
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A key strength of this study was capturing data from all
anaesthetists during all cases, giving the data generalisability to
the ‘real world". The survey was performed using an electronic
survey link, and anaesthetists completed the survey after the
end of a case. To balance the burden of the study on reporting
anaesthetists’ time and fo improve the completion rate, we did
not provide strict definitions of the criteria for each complication,
leaving this to the discretion of the reporting anaesthetist. While
some events are easy to recognise (eg new atrial fibrillation or
‘emergency call for assistance’), others are more subjective, and
there is likely to be variation in thresholds for reporting some
events. That said, many of the event rates are comparable to the
reported literature. For example, in their study, also conducted in
November 2021, the AREOCOMP group found the aspiration
rate to be 0.1% in adult patients compared with 0.13% in our
survey (Table 12.4; Potter 2023). The same study also reports
difficult facemask or supraglottic airway (SGA) insertion in 4.3%

cases of anaphylaxis were reported as opposed to confirmed
cases. Further, NAP6 only included life-threatening cases (ie
severe hypotension, bronchospasm or airway compromise|

or fatal- the NAP7 Activity Survey likely includes non-life-
threatening cases. These issues were also observed during the
review of the cardiac arrest cases in the registry phase of NAP7
and is discussed in Chapter 22 Anaphylaxis.

Two potential complications are on the current ‘never events’ list
for England - unintended connection to air/wrong gas supplied
and administration of an incompatible blood transfusion (NHS
Improvement 2018). Reassuringly, there were no cases reported
in the Activity Survey. During the year 1 April 2021 to 31 March
2022, which includes the period when the Activity Survey
occurred, there were 13 cases of unintentional connection to

air for a patient requiring oxygen and seven ABO incompatible
blood transfusions (NHS England 2022). It is not possible to
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determine whether these events occurred in perioperative
settings, but anaesthetists should remain cautious about their
possibility.

Unrecognised oesophageal intubation is currently suspended
from the never event list (NHS Improvement 2018) but remains
of considerable interest to anaesthetists owing to the potentially
severe consequences and international consensus guidelines for
its avoidance have recently been published (Chrimes 2022). Two
cases of unrecognised oesophageal intubation were reported

in the Activity Survey. Neither case was associated with cardiac
arrest or death and no further details are available. These

cases must have been detected before there was significant
patient harm. Notably, instances of unrecognised oesophageal
intubation were identified among NAP7 case reports; this
remains a significant concern (Chapter 21 Airway and respiratory).

We assessed the chance of complications by various patient,
surgical and anaesthetic factors. Age, ASA, sex and frailty score
were statistically significant patient factors (Figure 12.5), whereas
body mass index and ethnicity were not significant in this
univariate analysis. Interestingly, very young age was associated
with higher rates of complications, more than advancing age.
While most neonates and infants tend to be healthy, those
requiring anaesthesia for surgery in this age range are more

likely to have comorbidities, and the distribution of ASA is

shifted towards higher scores compared with older children. This
increased rate of complications is associated with the observation
that neonates and infants have high rates of perioperative cardiac
arrest, particularly when associated with congenital heart disease
(Chapter 27 Paediatrics).

Many studies have shown the association between ASA

score and postoperative morbidity and mortality, but the link
with intraoperative complications has been comparatively
understudied. In this study, increasing ASA score was strongly
associated with the risk of any complication, such that patients
with a score of ASA 3 and 4 are twice and five times as likely

to have an intraoperative complication, respectively. Within

the 24-hour perioperative window, Tiret and colleagues (1988
assessed reported rates of ‘any fatal or life-threatening accident,
or any accident producing severe sequela’ They found ASA was
strongly associated with these incidents: patients with ASA 3 and
4 scores were 14-fold and 88-fold more likely to have an event
than those scoring ASA 1. Over the following 35 years, while the
relationship is still evident, these extreme odds for ASA 3 and 4
appear to have been substantially reduced.

We found that the day of the week and time of day impacted the
chance of an intraoperative complication. At their peak effect (ie
a weekend night time|, these effects were moderate compared
with ASA, NCEPOD category and anaesthetic and surgical time.
They are likely to be confounded by the relative proportion of
emergency and complex cases occurring during these periods
compared with daytime on a typical working day and should

be viewed cautiously. In continuing work, we are performing
multivariate analysis to control and adjust for these factors.

NAP7 has the opportunity to report cardiac arrest and death
rates from the Activity Survey and cases reported to the registry
phase of the project, using the Activity Survey as a denominator.
The cardiac arrest rate (cases compliant with the NAP7 definition)
from the Activity Survey is 12 per 10,000, notably higher than
the 3.6 (3.4-3.9) per 10,000 in the case registry (non-obstetric
cases, Chapter 13 Reported cases summary). Several factors
may account for these differences. First, the Activity Survey only
sampled over four days in each hospital, and there may be a
random sampling effect. Second, the small number of events
occurring in the Activity Survey leads to a relatively wide Cl, and
this effect is increased if subspecialty areas are examined. Third,

it is possible some reports of cardiac arrest in the Activity Survey
may have been due to ‘mis-clicks” or spurious case enfries. We
reviewed the data to exclude obviously illogical cases, but this
does not preclude the above, and identifying such cases among
actual cases is not easy. A relatively small number of such cases
in the Activity Survey would significantly alter incidences in the
Activity Survey. Fourth, not all cases of cardiac arrest may have
been reported to NAP7. Fifth, not all cases of cardiac arrest

will have met the NAP7 inclusion criteria; for example, less

than five chest compressions were performed, or patients with
DNACPR recommendation who had a cardiac arrest but no
chest compressions were performed. Indeed, five cases reporting
‘cardiac arrest’ to the Activity Survey would not have met the
criteria to be included in the case registry (<5 chest compressions
and no defibrillation, Table 12.7), bringing these rates closer
together.

Reported death rates were more consistent between the Activity
Survey and case registry phases of NAP7, with overlapping Cls.
In non-obstetric patients, deaths occurred at a rate of 1.9 (95%
Cl 0.7-4.9) per 10,000 in the Activity Survey and 0.9 (95%

Cl1 0.8-1.0) per 10,000 in the case registry; in both cases, this

is ‘rare’. Deaths in elective cases occurred 0 (95% Cl 0.0-2.7)
per 10,000 in the Activity Survey and 0.1 (95% Cl 0.06-0.2) per
10,000 in the case registry. The evidence supports that, for the
most part, elective surgery is safe, deaths are of the ‘very rare’ or
‘extremely rare’ order of magnitude. The same limitations to the
incidence estimates in the Activity Survey described for cardiac
arrest apply here too.

Within the full Activity Survey dataset, we observed a high rate
of major haemorrhage in awake patients. Of the 106 major
haemorrhages reported in awake patients, 105 were in obstetric
cases. There were also eight cases of combined high neuraxial
block and neurogenic shock in obstetrics, with none reported
in non-obstetric cases. We therefore judged that the obstetric
complication profile was not representative of the rest of the
anaesthetic activity and chose to describe them separately
(Chapter 34 Obstetrics).

In line with the other reported outcomes from the Activity Survey
(Chapter 11 Activity Survey), the data have limitations and our
findings should be interpreted carefully. We were conscious

of the possibility of ‘careless data’ that may have entered the
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database. As discussed above regarding cardiac arrest and
deaths, the reporting rate could be significantly altered by a
few cases for low-prevalence complications. We inspected the
individual records to ensure that they were internally consistent
and plausible; 5 cases were removed, and 12 probable single
mis-clicks were edited. To ensure absolute confidentiality, the
study team did not collect data on which hospital or anaesthetist
reported each case. We hope that this will have enabled
anaesthetists to report complications freely. However, it also
prevented us from querying cases where the reported clinical
events were not plausible or were missing fields. The ability to
report complications with complete confidentiality is a strength
of our data and may have led to higher reporting rates.

It is important to note what may not have been captured.
Complications occurring at less than 1in 24,000 cases in the
survey may have a rate of O per 10,000 if they did not occur in
the four-day survey period. However, this is accompanied by a
Cl range that reflects the uncertainty in these unobserved events.
Also, we are likely to have missed events after the patient left
recovery and maybe even after the patient had been handed
over in recovery. It is also important to note that just because

a complication has occurred this does not mean that the care
provided was unreasonable.

Finally, we wish to thank all anaesthetists who entered data
into this study. The data give up-to-date information on
complications, but more than that, it should generally be
reassuring to patients and anaesthetists that intraoperative
complications, at least during elective surgery, are uncommon,
rare or very rare.
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Key findings

Perioperative cardiac arrest demographics

Report and findings of the 7th National Audit Project Royal College of Anaesthetists

A total of 881 reports of perioperative cardiac arrest were
included in analyses, giving an estimated incidence of 3 in
10,000 anaesthetics.

There were 740 adult reports, including 22 obstetric cases,

and 102 paediatric cases. An additional 39 reports were
included under one of the Seventh National Audit Project
(NAP7?) special inclusion criteria.

Some 56% were male, with a median age of 60.5 years
(IQR 40.5-80.5 years).

In terms of ASA classification, 27% were ASA 1-2, 37%
ASA 3 and 37% ASA 4-5.

Of those with known clinical frailty score (CFS), 71% were
not frail (CFS < 5).

Compared with Activity Survey denominator data, the
cardiac arrest cohort was older, included more males, and
was more comorbid.

However, there was a bimodal age distribution with infants
and older adults (> 65 years) overrepresented in case
reports of perioperative cardiac arrest.

Jerry Nolan

Perioperative cardiac arrest case reports
— demographics and outcomes

Andrew Kane

Perioperative cardiac arrest case mix

The most prevalent surgical specialties were orthopaedic
trauma, lower gastrointestinal, cardiac, vascular and
interventional cardiology.

Cardiac surgery, cardiology, vascular and general surgery
were overrepresented in cardiac arrest cases relative to the
Activity Survey.

Obstetrics was underrepresented in cardiac arrest cases
relative to the Activity Survey.

A total of 71% of cardiac arrest cases were during non-
elective cases, compared with 36% of overall activity, and
60% during major or complex surgery compared with 28%
in the Activity Survey.

For adult non-cardiac, non-obstetric cases, the most
common specialties reporting cardiac arrest during elective
cases were gynaecology, urology and orthopaedics, and
during non-elective cases orthopaedic trauma, lower
gastrointestinal and vascular surgery.

The senior anaesthetist at induction was a consultant in
86% of perioperative cardiac arrest cases. This varied in/
out of hours but cases at night (00.00-07.59) still had a
consultant present 75% of the time.
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Cardiac arrest details

B Most cardiac arrests (62%) occurred during daytime hours
(09.00-18.00) and the most common location was in
theatre within the main theatre suite (51%).

B Some 12% were in critical care areas, 11% in anaesthetic
rooms and 6.1% in the cardiac catheter laboratory.

B The most common perioperative phase for cardiac arrest
to occur was during surgery with general anaesthesia (34%)
followed by postoperative after leaving recovery (17%) and
on induction or between induction and the start of surgery
(13% each).

Causes of cardiac arrest

B On panel review, patient factors were considered to be a
key cause in 82% of cases.

B The subset of cases in which the role of anaesthesia was
most commonly highlighted was the adult elective, non-
cardiac, non-obstetric group.

B The most common primary specific causes assigned were
major haemorrhage (17%), bradyarrhythmia (9.4%) and
cardiac ischaemia (7.3%); however, these percentages
varied according to surgical specialty.

B The cause of cardiac arrest could not be determined in 12%
of cases.

Cardiac arrest process

B The most common initial arrest rhythm was pulseless
electrical activity (52%).

B Atotal of 82% of cases presented in a non-shockable
rhythm.

B Some 96% received five or more chest compressions and
17% were defibrillated.

B Some 79% received adrenaline with additional drugs
reported in 38% of cases.

B Resuscitation was commenced within 1 minute in 78% of
cases and most arrests (67%) were less than 10 minutes in
duration.

B An anaesthetic consultant was present at the time of arrest
in 73% of cases. Additional anaesthetic assistance was
summoned in 63%, with assistance usually arriving within
one minute.

Cardiac arrest outcomes

B Atotal of 75% of patients survived the initial event and,
of those with hospital outcome data, 52% survived. At the
time of reporting to NAP7, 59% were alive.

B Outcomes varied with patient age, surgical specialty and
priority, cause of cardiac arrest, duration of resuscitation
and initial arrest rhythm.

Quality of care and severity of harm

B Overall care was rated good in 53%, good and poor in
28%, poor in 2% and unclear in 17%.

B Elements of poor care before the cardiac arrest were
identified in 32% of cases but care after cardiac arrest was
rated good in 80% of cases.

B The severity of harm was judged to be moderate in 50%,
severe in 12% and the outcome was death in 38%. When
death occurred, in 31% of cases this was judged to be the
result of an inexorable fatal process.

B Of the patients who were alive at hospital discharge, 88%
had a favourable functional outcome (modified Rankin
Scale, mRS, score 0-3).

What we already know

Recent estimates put the incidence of cardiac arrest between

2 and 13 per 10,000 anaesthetics, with between 32-75% of
patients dying before discharge from hospital (Goswami 2012;
Sebbag 2013; Koga 2015; Hur 2017; Fielding-Singh 2020; Kaiser
2020). Variability may be due to case mix ([some studies exclude
cardiac surgical cases) and complexity, reporting methods

and healthcare setting. For example, cardiac, transplant and
vascular surgery have high relative risks, as do patients who are
elderly, have significant cardiorespiratory comorbidities or are
undergoing emergency surgery (Fielding-Singh 2020).

As there is currently no systematic reporting of perioperative
cardiac arrests in the UK, the incidence, management and
outcomes of these events are unknown. Existing systems do
report on out-of-hospital cardiac arrest (Perkins 2015) and
in-hospital arrests attended by the resuscitation team following
an emergency cardiac arrest call (Nolan 2014). However,
perioperative events are commonly missed in such audits as
often no emergency (2222 call is made.
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What we found

In total, 939 cases were entered into the online case reporting
database, 881 of which were eligible for inclusion in final
analysis (Figure 13.1). Most (740) reports were of adults (> 18
years), among whom 22 were obstetric patients. There were 102
paediatric reports. There were 39 reports included under one of
the special inclusion criteria (Table 13.1).

Figure 13.1 Flow chart of NAP7 case reports

All cases
started on
system

n =939

Excluded (n = 49)

4 did not meet
inclusion criteria

1 duplicate
1blank

17 nothing beyond
screening page
26 incomplete/
uninterpretable

Cases for
review

n =890

Rapid review
n =692

Excluded
n=5

Main panel review
needed after rapid
review

n=98

Full panel review
n =302

Excluded
n=4

Included in analyses
n = 881

Table 13.1 Breakdown of case types

Group Patients, n (n=881)

Adult (> 18 years), non-obstetric: 718
Non-cardiac 614
Cardiac 50
Cardiology 54

Obstetrics (excluding labour analgesia) 22

Paediatrics 102

Special inclusion criteria: 39
Ciritically ill child before transfer 13
Emergency department 19
Obstetric analgesia 6
Regional block outside theatre 1

Using the Activity Survey estimated denominator of 2.71 million
cases per year gives an approximate incidence of perioperative
cardiac arrest of 1in 3,076 (0.03%) or 3 in 10,000 anaesthetics
(95% confidence interval, Cl, 3.0-3.5 per 10,000). Some 209
patients did not survive the initial event, giving an approximate
incidence of death of 1in 12,967 (0.01%, 95% CI 0.007-0.009).
These incidences were lower in patients classed as ASA 1-2 and
elective cases (Table 13.2).

Table 13.2 Estimated incidence of cardiac arrest and death (ie no sustained return of spontaneous circulation| for different subgroups of cases. Cl,

confidence interval; ROSC, return of spontaneous circulation.

Estimated

denominator Cases Incidence of Incidence of Number Incidence Incidence
from Activit reported (] cardiac arrest,  cardiac arrest, of deaths of death, of death,
y P %(95%Cl)  1inn(95%Cl) (ie no ROSC) n (%) 1in n (95% Cl)
Survey data (n)
0.03 1in 3,076 0.01 1in 12,967
All cases 2710000 881 (0.030-0.035] | (2.882-3,289) 209 (0.007-0.009) | [11,299-14,881)
1in 132,000
0.01 1in 10,645 0.001 '
All ASA 1 660,000 62 ’ 5 (53,220~
(0.007-0.012) | (8,244-13,774) (00003-0002) | 550
1in 94,762
0.01 1in 8,468 0.001 '
All ASAT1-2 1990,000 235 (0.010-0.013) | (7463-9,615) 2 0.0007-0002] | 00976~
149,254)
All elective 0.02 1in 6,570 0.001 1in 93,529
cases 570,000 242 (0.01-0.02) (5780-7,463) K (0.0006-0.002) | (57110-155,521)
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Patient demographics

frail (CFS > 5 20% vs 14% of those with known CFS). These
differences remain if we consider only the subset of cases that
were adult, non-cardiac, non-obstetric, non-special inclusion
criteria becoming more pronounced for non-elective cases

(see Appendix 13.1 Table 13.Al). The proportion of patients with
obesity was similar in the overall cohort compared with the
Activity Survey (both 34% of those with known body mass index|
but was notably higher in the adult, non-cardiac, non-obstetric,
non-special inclusion criteria, non-elective group compared with
the equivalent denominator data (34% vs 27%; Appendix 13.1

Patient demographics of all cases of perioperative cardiac
arrest (n = 881) are shown in Table 13.3 and Figure 13.2,
alongside denominator data for the whole Activity Survey
cohort. Compared with the denominator data, the cardiac
arrest population included more males (56% vs 42%) and were
older (median 60.5 years, IQR 40.5-80.5 years vs 50.5, IQR
30.5-70.5 years), although the age distribution was bimodal,
with infants and patients over 66 years being overrepresented
(Figure 13.2). The cardiac arrest population was also notably
more comorbid (ASA 4-5 87% vs 4%) and modestly more

Table 13.A1).

Table 13.3 Patient characteristics of NAP7 cases and Activity Survey denominator data

All cases Activity Survey All cases Activity Survey

Characteristic (n=881), (n=24,172), Characteristic (n=881), (n=24,172),

n (%) n (%) n (%) n (%)
Age (years): Ethnicity:
Neonate 28(3.2) 47(0.2) White 727 (83) 20,700 (86)
28 daysto <1 38(4.3) 197 (0.8 Mixe.d/mulfiple 3103) 365 (15)
1-5 17 (19) 1,034 (4.3) ethnic groups
6-15 24(27) 1,696 (7.0 Asian/Asian British 68 (7.7) 1,692 (7.0
16-18 10(11) 481(2.0) BIack/Afr'ican/Caribbean/ 2225 788 (3.3]
19-25 16 (1.8) 1,541 (6.4) black British
26-45 91(10) 6,849 (28] Other ethnic group 5(0.6) 185(0.8)
46-65 230 [26) 5,861 (24) Not known/stated 56 (6.4) 442 (1.8
66-75 204 (23] 3,385 (14 ASA:
76-85 159 (18) 2,323(9.6) 1 62 (7.0) 5910 (24)
>85 63(7.2) 758 (3.) 2 173 (20) 1,819 (49)
Unknown 1 0 3 324(37) 5,508 (23]
Sex: 4 255 (29 869 (3.6
Male 496 (56) 10,082 (42) 5 67 (7.6) 49(0.2)
Female 384 (44) 14,077 (58) Unknown 0 17
Indeterminate 1(0.]) 0(0) Frailty:
Unknown 0 13 1-3 - not frail 359 (54) 6,224 (66)
Body mass index (kg m-2): 4 — vulnerable 15 (17) 1,246 (13)
< 18.5 - underweight 20 (3.0) 431(2.2) 5 — mildly frail 55(8.3) 605 (6.4)
18.5-24.9 — normal 233(34.5) 7,635 (38) 6 — moderately frail 82(12) 762 (8]
25.0-29.9 - overweight 196 (29) 5673 (28] 7 - severely frail 38(57) 480 (51)
30.0-34.9 - obese 1 124 18.4) 3,614 (18) 8 — very severely frail 14(21) 98 (1.0)
35.0-39.9 - obese 2 61(9.0) 1,655 (8.3) 9 — terminally ill 0(0) 12(0.)
40.0-49.9 - obese 3 33(49) 827 (4) Unknown or not reported 218 14,745
50.0-59.9 5(0.7) 136 (0.7)
> 60 3(0.4) 56(0.3)
Unknown 88 690
Not applicable (< 19 years) 118 3,455
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Figure 13.2 Patient characteristics of NAP7 cases (blue filled bars) and Activity Survey data (purple lines). Where a blue bar is notably above or below
the purple line, the characteristic is over or underrepresented, respectively, among patients who had a cardiac arrest.
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Case mix

The specislties with the highest prevalence of cardiac arrest
were orthopaedic trauma (105, 12% of cardiac arrests), lower
gastrointestinal (85, 10%), cardiac (80, 9.4%), vascular (69, 8.1%)

The specislties with the highest incidence of cardiac arrest
(compared with the Activity Survey denominator) were cardiac
surgery (9.4% vs 0.9%), cardiology (8.1% vs 1.1%) and vascular

(8.1% vs 1.7%). Conversely, obstetric cardiac arrests were

and interventional cardiology (41, 5.5%) (Figure 13.3; Appendix
underrepresented relative to activity (3.3% vs 13.2%; Figure 13.4).

13.1 Table 13.A2).

Figure 13.3 Prevalence of cardiac arrests reported to NAP7 by surgical specialty. ENT, ear, nose and throat; Gl, gastrointestinal.
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In the subset of cases who were adult, non-cardiac, non- proportions were lower than in the denominator data, with
obstetric and non-special inclusion criteria, the most prevalent weekend days (14% vs 11%) and out of hours (20% vs 11%) being
specialties for elective cases (193) were gynaecology, urology overrepresented. This is consistent with the fact that more cardiac
and orthopaedics and for non-elective cases (421) orthopaedic arrest cases were urgent (31% vs 17%) or immediate (21% vs 1.9%)
trauma, lower gastrointestinal and vascular (Appendix 13.1 Table National Confidential Enquiry into Patient Outcome and Death
13.A3). (NCEPOD) priority. Major or complex grades of surgery were

Although most cardiac arrests occurred on weekdays (718, 85%) also more prevalent (60% vs 28%; Figure 13.5; Table 13.4)

and in cases that started during daytime hours (680, 80%) the

Figure 13.5 Case characteristics of NAP7 cases (filled blue bars) and Activity Survey data (purple lines). Where a blue bar is notably above or below the
purple line, the characteristic is over or underrepresented, respectively, among patients who had a cardiac arrest.
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Table 13.4 Case characteristics of NAP7 cases and Activity Survey
denominator data

All cases Activity Survey

Characteristic (n=881), (n=24,172),

n (%) n (%)
Day of the week:
Weekday 718 (85) 21,629 (89)
Weekend 118 (14) 2,543 (1)
Public holiday 12 (1.4) 0(0)
Unknown 33 0
Time of case start:
Daytime (08.00-17.59) 680 (80) 21,644 (90)
Evening (18.00-23.59) 89 (1) 1,350 (5.6)
Night (00.00-07.59) 7819.2) 1178 (4.9
Unknown 34 0
Priority:
Immediate 171(21) 429 (19)
Urgent 256 (31) 3,746 [17)
Expedited 143 (17) 3,028 (14)
Elective 242 (29) 14,201 (64)
Not applicable m(1.3) 669 (3.0)
Unknown 58 2,099
Grade of surgery:
Minor 96 (1) 6,113 (26)
Intermediate 241(28) 9,556 (40)
Major or complex 51(60) 6,667 (28]
Not applicable 0(0) 1,397 (5.9)
Unknown 33 439
Mode of anaesthesia:
General 617 (73| 14,491 (63
General + neuraxial 53(6.3) 750 (3.2)
General + regional 64 (7.6) 1,665 (7.2)
Intravenous analgesia only 2(0.2) 0(0)
Local infiltration 2(0.2) 0 (0)
Monitoring only 9 (1) 168(0.7)
Neuraxial 46 (5.4) 3,542 (15)
Neuraxial + sedation 26 (31) 792 (3.4)
Regional 3(0.4) 736(3.2)
Regional + sedation 2(0.2) 179 (0.8)
Sedation 231(2.7) 826 (3.9
Unknown 34 1,023

Anaesthesia care

Most cardiac arrests (87%) occurred in patients who received
general anaesthesia. Type of anaesthesia did not show clear
associations but among reports of cardiac arrest to NAP7,
general anaesthesia was modestly overrepresented (87%

vs 73%), and neuraxial anaesthesia, alone or with sedation,
underrepresented (8.5% vs 18%). This is likely to reflect surgical
case mix and urgency (Figure 13.5, Table 13.4).

The senior anaesthetist at induction for 842 non-special inclusion
cases was a:

B consultant, 726 (86%)
B specialist, associate specialist and specialty doctor, 45 (5%)

B post certificate of completion of training (CCT)/certificate of
eligibility for specialist registration CESR), 8 (1%)

B specialty trainee year 5 or above, 43 (5%);
B specialty trainee years 3-4, 15 (2%);
H core frainee, 5(0.6%).

While the proportion of cases with a consultant present for
induction varied between in and out of hours, a consultant was
present for 75% of the cases occurring at night (00.00 - 07.59).

Cardiac arrest details

Most cardiac arrests (544, 62%) occurred between the hours

of 09.00 and 18.00 but 161 (19%) occurred between 21.00 and
06.00 (Table 13.5). Just over half (51%) of cardiac arrests occurred
in theatre within the main theatre suite but with substantial
proportions in critical care (12%) and anaesthetic rooms (11%;
Table 13.5). In-theatre reports accounted for 57% and isolated
locations for 9% of cases. The cardiac catheter laboratory was
notable as 6.1% of cardiac arrests occurred there. Cardiac arrests

were relatively infrequent during transfer (3.4%) and in recovery
(4.3%).

Most cardiac arrests occurred during surgery and general
anaesthesia (34%), with a similar proportion occurring during
general anaesthesia at induction or before surgery started (26%)
and a smaller proportion postoperatively after leaving recovery
(17%; Table 13.5, Figure 13.6).
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Table 13.5 Cardiac arrest details. AED, automated external defibrillator; GA, general anaesthesia; LA, local anaesthesia; RA, regional anaesthesia.

Characteristic

Patients (n=881)
(n)

(%)

Characteristic

Patients (n=881)

(%)

Time of arrest: Rhythm:

00.00-03.00 75 8.7 Pulseless electrical activity 456 52

03.00-06.00 40 4.7 Asystole 136 15

06.00-09.00 72 8.4 AED used - non-shockable 2 0.2

09.00-12.00 202 23 Ventricular fibrillation 57 6.5

12.00-15.00 184 21 Pulseless Yen'rricular 40 54

15.00-18.00 158 18 tachycardia

18.00-21.00 83 97 Bradycardia 129 15

21.00-24.00 46 53 Unknown 52 59

Unknown 91 Compressions?

Phase: Yes - 25 847 96

Preinduction 15 17 Yes-<5 I 12

Induction 18 13 No i 19

Transfer to theatre 15 1.7 Unknown 6 07

After induction, before n 3 Refibilshon

surgery Yes 154 17

During surgery - GA 297 34 No /14 81

During surgery — LA/RA 57 6.5 Unknown 13 1.5

Conversion fo GA 5 0.6 Duration:

Emergence/extubation 42 48 <10 minutes 589 6/

Transfer fo recovery 15 17 10-20 minutes 116 13

Postoperative - in recovery 38 4.3 20-30 minutes 68 7
ive — 30-40 minutes 29 33

:;Sefl?l?ei':\t:; 148 K 40-50 minutes 19 22

N/A: special inclusion 14 16 50-60 minutes 19 22

criteria > 2 hours 18 20

Arrest location: 1-2 hours 15 17

Anaesthetic room 95 m Unknown 8 09

Cardiac catheter laboratory 54 6.1

Critical care area 110 12

ic;r::::ed tomography 3 03

Emergency department 17 19

Endoscopy 3 03

Interventional radiology 10 11

Labour ward 4 0.5

Neuroradiology 4 0.5

Other 9 1.0

Pacing room 2 0.2

Recovery 32 3.6

Theatre: day surgery unit 19 22

Theatre: main theatre suite 450 51

Theatre: obstetrics 19 22

Theatre: other 12 1.4

Ward 38 4.3
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Figure 13.6 Perioperative phase of cardiac arrest. GA, general anaesthetic; LA, local anaesthetic; N/A: Sl criteria relates to cases for which
perioperative phase was not applicable as it was reported under one of the Sl criteria; RA, regional anaesthetic.
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Phase of anaesthesia

Reported unanticipated events

Bristol \‘Mul’.\

Case reporters were able to include details of unanticipated
events which were considered to have contributed to or caused
the cardiac arrest. The most commonly reported events (both
causal and contributory) were major haemorrhage (90, 10%
causal; 37, 4.2% contributory), bradyarrhythmia (66, 7.5% and 42,
4.8%) and isolated severe hypotension (44, 5% and 30, 3.4%).
Unexpected airway events contributed to 59 (7%) cardiac arrests.

Panel-agreed causes of cardiac arrest

For each case, the panel assigned one or more key causes of
cardiac arrest (i.e. patient, surgery, anaesthesia, organisational,
postoperative care) and also the specific cause(s) (up to three per
case). Of note, assignment of anaesthesia or surgery as a cause
does not indicate blame or error; for example, anaphylaxis is
caused by the interaction between a patient and a drug that they
are administered, so it would be assigned to both patient and
anaesthesia. Similarly, a bradycardic arrest caused by peritoneal
insufflation would be assigned patient and surgery, with
anaesthesia care assigned only if it was deficient.

For the whole cohort, the most frequently reported key cause
was patient factors (719, 82% of cases) and, for 219 (25%)
reports, patient factors were judged the sole cause (Figure 13.7).

Anaesthesia was assigned as a cause more often than surgery
was (Figure 13.7, Table 13.6).
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Figure 13.7 Panel agreed key cause(s) of cardiac arrest (top 10 combinations of 1534 key causes assigned to 854 reports)
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Table 13.6 Panel agreed key cause(s| of cardiac arrest. NCOSI: non-cardiac, non-obstetric, non-special inclusion criteria.

viost f'requenf Anaesthesia, Patient, Surgery, Postoperative Organisation,
combination,
. n (%) n (%) AV care, n (%) n (%)
n (%)
All cases (881) Patient (219, 25%] 351(40%) 719 (82%) 311(35%) 72 (8.2%) 81(9.2%)
Patient +
Adult NCOSI (614) anaesthesia 276 (45%) 485 (79%) 201(33%) 47 (7.7%) 59 (9.6%)
(144, 23%)
Patient +
Adult NCOSI elective (193) anaesthesia 101 (52%) 108 (56%) 75 (39%) (5.7%) 14 (7.3%)
(41, 21%)
Adult NCOSI ) o o o o o o
non-elective (421) Patient (118, 28%) 175 (42%) 377 (90%) 126 (30%) 36(8.6%) 45(10.7%)

In the subset of adult, non-cardiac, non-obstetric, non-special
inclusion criteria cases, patient factors remained most common
(485, 79%) but most often with anaesthesia (144, 24%). When
this subset is split into elective and non-elective, patient factors
were reported in 56% of elective and 90% of non-elective
reports. The subset in which anaesthesia and surgery were each
most commonly implicated was the elective group (101 cases,
52% and 75 cases, 39%; Table 13.6).
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Across all cases, the most common primary specific cause Table 13.8 Panel agreed primary specific cause of cardiac arrest in
assigned by the review panel was major haemorrhage (149, 17%).  specialties with af least 40 case reports in the datasef

This and other causes are shown in Table 13.7. It was not possible
to ascertain the cause of cardiac arrest for 105 (12%] cases. For
causes described as ‘other’, the most common was anaesthesia

Most common Patients

Specialty primary
specific cause

(%)

12, 1.4%).
| ) Abdominal: lower ,
. . Septic shock 23 27
gastrointestinal
Table 13.7 Primary cause of cardiac arrest on panel review (numbers < 5 -
suppressed and included in ‘Other’) Abdon.1|na  upper Septic shock 10 24
gastrointestinal
- Patients Cardiac surgery Cardiac ischaemia 13 16
SESS (n) (%) Cardiology: interventional Cardiac ischaemia 22 42
Major haemorrhage 149 17 Ear, nose and throat Severe hypoxaemia 7 37
Bradyarrhythmia 83 9.4 General surgery Septic shock 6 12
Cardiac ischaemia 64 73 Gynaecology Bradyarrhythmia 13 32
Septic shock 60 6.8 Orthopaedics: trauma Other” 22 21
Isolated severe hypotension Urology Bradyarrhythmia 9 22
(central vasopressors 54 ol Vascular Major haemorrhage 39 57
considered/started) * Other: uncertain/unknown (10), patient factors including frailty/age/
Severe hypoxaemia 54 ol comorbid state (4], anaesthetic drugs (3), hypovolaemia (3), cardiac
Anaphylaxis 35 4.0 failure (1).
Vagal outflow (eg
pneumoperitoneum, 33 3.7 In keeping with the whole cohort, major haemorrhage was the
oculocardiac reflex) leading specific cause for the adult non-cardiac, non-obstetric,
Ventricular fibrillation 26 30 non-special inclusion criteria group (114, 20%) and the non-
Bone cement implantation elective subset of those (91, 23%), but for the elective subset the
20 23 , i
syndrome most common was bradyarrhythmia (36, 19%] (Table 13.9).
Drug error 16 1.8
Pulmonary embolism " 18 Table 13.9 Panel agreed specific cause of cardiac arrest. NCOSI:
non-cardiac, non-obstetric, non-special inclusion criteria.
Tachyarrhythmia 16 1.8
Cardiac tamponade 15 17 Cases Primary specific cause (n, %)
Complete heart block 13 1.5 All Major haemorrhage (149, 18)
Ventricular tachycardia 13 1.5 (n=881) | OT:GL“OO’ 1
B thmis (83, 9.8
Significant hyperkalaemia 9 1.0 radyerhythmis | )
Tension P h g 09 Adult NCOSI Major haemorrhage (114, 20)
ension Pneumothorax . (n=614) Other [70,12)
High neuraxial block 6 0.7 Bradyarrhythmia (60, 10}
Laryngospasm 5 0.6 Adult NCOSI elective Bradyarrhythmia (36, 19)
Other 84 9.5 (n=193) Major haemorrhage (23, 12)
Unknown 105 19 Other {22, 12)
Adult NCOSI non-elective Major haemorrhage (91, 23)
) ) ) (n=421) Septic shock (49, 12)
The most common cause of cardiac arrest varied by specialty Other (48, 12)

(specialties with at least 40 cases - ie around 5% of the cohort -
are shown in Table 13.8).
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Contributory and causal factors

For cases that underwent full panel review (n = 302), the attributed causal and contributory factors were patient factors,
Yorkshire Contributory Factors Framework (Lawton 2012) was anaesthesia care and other (including surgical care). The only
used to identify causal and contributory factors, as well as those factors reported as mitigating in at least 10 cases were team
which had a mitigating effect (Figure 13.8). The most commonly factors and anaesthesia care.

Figure 13.8 Yorkshire Contributory Factors Framework for all cases undergoing main panel review. Causal M, Contributory M, Mitigating M.
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Cardiac arrest process

The most common trigger for cardiopulmonary resuscitation
(CPR) was the lack of a palpable pulse, often in conjunction with
other features (Figure 13.9). Initial patient condition was pulseless
in 470 (54%) and an invasive systolic blood pressure of less than
50 mmHg in 208 (24%).

The initial cardiac arrest rhythm was most commonly pulseless
electrical activity (PEA; 456, 52%) with a total of 723 (82%)
presenting with a non-shockable rhythm. In keeping with this,
847 (96%) cases received five or more chest compressions while
only 154 (17%) received defibrillation. Half of cases receiving
defibrillation received only one shock (Figure 13.10).

Figure 13.9 Triggers for cardiopulmonary resuscitation (10 most common combinations; n=875 with at least one trigger reported). BP, blood pressure.
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Figure 13.10 Number of defibrillatory shocks and outcome of initial
event. Survived (ROSC > 20 min) M, Died - efforts terminated (no
sustained ROSC) M. ROSC, return of spontaneous circulation.
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Most (698, 79%) received adrenaline, most commonly as a 1 mg
(or 10 pg/kg for children) bolus. Additional drugs were reported
in 338 (38%) cases, most commonly calcium chloride/gluconate
(117, 21%), atropine (98, 17%), sodium bicarbonate (63, 11%) and
amiodarone (61, 11%; see Chapter 15 Controversies and Chapter
25 ALS for perioperative cardiac arrest).

Twelve cases were prone at the time of cardiac arrest, with

CPR started in the prone position in four of them. A precordial
thump was administered in 18 (2%) cases, of which 13 (72%) were
successful at achieving return of spontaneous circulation (ROSC)
at the next rhythm check (Chapter 15 Controversies).

The interval from onset of presenting clinical feature to start of
chest compressions/defibrillation was less than one minute in 691
(78%) of cases and less than five minutes in 91% of cases. Twelve
cases (1.4%) reported a delay in the treatment of cardiac arrest
due to:
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B requirement to change patient position to start CPR (six
reports)

B delayed diagnosis (three reports)

B one report each of appropriate assistance not available,
drugs not available, equipment not available, donning
personal protective equipment, no intravenous access.

Most arrests (589, 67%) were of less than 10 minutes duration,
although in 33 (3.7%), more than 1 hour of resuscitation was
required.

Anaesthetic staffing and assistance

At the time of cardiac arrest, a consultant was present in 644
(73%) cases, most commonly alone. The next most frequent
combinations of anaesthetic staffing were consultant with
specialty trainee (ST) 5 or equivalent and consultant with ST3-4
or equivalent (Figure 13.11). il

Figure 13.11 Grade(s) of staff present at time of cardiac arrest {10 most common combinations). CT, core trainee; ST, specialty trainee; SAS, specialist,
associate specialist and specialty.
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Additional anaesthetic assistance was summoned in 555 (63%)
of cases most commonly by using an emergency bell (300, 34%)
or shouting for help (188, 21%). A 2222 call was made in 184
(21%) of cases. Assistance usually arrived within one minute (322
cases, 58%) and was within five minutes in 97% (536) of cases.
The most common grade of anaesthetic assistance to arrive was
a consultant (382 cases, 69%; Figure 13.12).

Additional resuscitative procedures

Quality of CPR was measured using waveform capnography in
663 (75%) cases, arterial waveform in 425 (48%) and diastolic
pressure in 128 (15%). Specific devices were uncommon
(mechanical CPR device in 30, 3.4%; CPR quality coach in 23,
2.6%; metronome in 3,0.3%).

Extracorporeal CPR [eCPR) was attempted in 19 cases (Chapter
15 Controversies). Additional resuscitative procedures were
reported in 310 cases (35%), most commonly transfusion

of blood products (136, 15%), cardiac pacing (47, 5.3%), DC
cardioversion (43, 4.9%) and hyperkalaemia management (41,
4.7%). Echocardiography was used during resuscitation in 160
(18%) cases (Chapter 15 Controversies).
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Figure 13.12 Grade(s) of staff arriving to assist. Ten most common combinations presented. CT, core trainee; ST, specialty trainee; SAS, specialist,

associate specialist and specialty.
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Cardiac arrest outcomes

Of 881 patients, 665 (75%) survived the initial cardiac arrest (ie
ROSC sustained for longer than 20 minutes). Survival rate tended
to reduce with duration of resuscitation (Figure 13.13), although 9
of 18 (50%] patients reported to undergo prolonged resuscitation
for more than two hours survived the initial event. Four of these
were cardiac patients who were established on cardiopulmonary
bypass; three were in the context of emergency laparotomies,
one was an obstetric case and one was a patient with recurrent
VT storm undergoing ablation. At the time of reporting to NAP7,
516 (59%) of 874 patients with these reported data were alive.

Figure 13.13 Initial cardiac arrest outcome categorised by duration of
resuscitation. Survived (ROSC > 20 min) ™, Died - efforts terminated (no
sustained ROSC) M. ROSC, return of spontaneous circulation.
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Hospital outcome data were available for 742 patients (132 sill
admitted at time of reporting, 7 missing) of which 384 survived
(52% of those with completed hospital admission outcomes,

Figure 13.14 Patient outcome flow diagram
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44% of all cases; Figure 13.14). Outcomes of the initial cardiac
arrest event and hospital admission according to initial cardiac
arrest rhythm are shown in Table 13.10.

Table 13.10 Outcome of initial event and hospital admission by initial arrest rhythm. AED, automated external defibrillator; DNACPR, do not attempt

cardiopulmonary resuscitation; ROSC, return of spontaneous circulation.

Outcome of initial event

Patient alive at hospital discharge?

Survived Died, efforts Died, DNACPR NJ/A still
(ROSC >20 terminated in place before Unknown, Yes, No, ) I
. . o admitted,
minutes),  (no sustained  resuscitation n (%) n (%) VA n (%)
LEVA] ROSC), n (%) attempt, n (%) -
Non-shockable (1=723) 536 [74) 177 (24) 6(0.8) 4(0.6) 308(43 | 299 (41) 16 [16]
Pulseless electrical activity (n=456) 312 (68) 139 (30) 409 1(0.2) 156 (34) 232 (51) 68 (15)
Asystole (n=136) 11(82) 23017) 2(15) 0(0) 74 (54) 41(30] 21(15)
Bradycardia (n=129) 111(86) 15(12) 0(0) 3(2.3 77 (60) 26 (20) 26 (20)
AED used - non-shockable (n=2) 2 (100) 0(0) 0(0) 0(0) 1(50 0(0) 1(50)
Shockable (n=106) 85 (80) 20 (19) 0(0) 109 50 (47) 35(33) 21(20)
Ventricular fibrillation (n=57) 44 (77) 12 (21) 0(0) 1(1.8) 28 (49 16 (28) 13(23)
Pulseless ventricular tachycardia (n=49) 41(84) 8 (16) 0 (0) 0(0) 22 (45) 19 (39) 8 (16)
Unknown (n=52) 4485) 5(9.6) 101.9) 2(38) 26 (50) 14 (27) 12 (23]
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Outcomes of the initial cardiac arrest and hospital admission 63% in patients over 85 years and 64% in neonates to 100% in
according to surgical specialty are shown in Table 13.11 and children 1-5 years, and hospital survival (of those with completed
patient age in Figure 13.15 (see also Appendix 13.1 Table hospital admission outcome) from 36% in those over 85 years
13.A4). In specialties with more than 10 cases, sustained ROSC to 90% in 1-5 years (Figure 13.15, Appendix 13.1 Table 13.A4).

(> 20 minutes) ranged from 38% for abdominal: other (ie Outcome also varied with NCEPOD priority, with higher rates of
not hepatobiliary, lower or upper gastrointestinal) to 95% for survival in elective than non-elective cases (ROSC 91% vs 68%;
caesarean section, and hospital survival (of those with completed  hospital survival 88% vs 37%; Figure 13.6; Appendix 13.1 Table
hospital admission outcome) from 17% (vascular) to 91% 13.A5).

(hepatobiliary and gynaecology). By age, ROSC ranged from

Table 13.11 Outcome of initial event and hospital admission by surgical specialty (for specialties with > 10 cases)

Outcome of initial event Patient alive at hospital discharge?
Died,
‘ Survived Died, efforts DNACPR in NJ/A il
Specialty (ROSC >20  terminated  place before Unknown, No, .
minutes), (no sustained  resuscitation VA n (%) admlzfed,
n (%) ROSC), n (%) attempt, n (%)
VA

Abdominal:

Hepatobiliary 12 (92) 1(7.7) 0(0) 010 10 (77) 177 2(15)

Lower gastrointestinal 62 (73) 21(25) 0(0) 2(2.4) 34 (40) 38 (45) 13(15)

Upper gastrointestinal 36 (88) 41(9.8) 0(0) 1(2.4) 18 (44) 16 (39) 7017)

Other 5(38) 6 (46) 1(77) 1(77) 4(31) 7 (54) 215)
Cardiac surgery 68 (85) 12 (15) 0(0) 0(0) 35 (44) 20 (25) 25(31)
Cardiology:

Interventional 31(58) 22 (42) 01(0) 010) 17(32) 30(57) 6N

Electrophysiology 10 (91) 1(9) 0(0) 0(0) 8(73) 2(1g) 1(97)
Ear, nose & throat 42 (9) 4(8.7) 0(0) 0(0) 31(67) 9 (20) 6(13)
Gastroenterology 12 (7) 5(29) 0(0) 0(0) 4 (24 11(65) 2(12)
General surgery 40 (78) 11(22) 0(0) 01(0) 28 (55) 18 (35) 5(9.8)
Gynaecology 38(93) 3(7.3) 0(0) 0(0) 30 (73) 3(7.3) 8 (20
Neurosurgery 20 (83) 4(17) 0(0) 0(0) 9(38) 10 (42) 5(21)
Obstetrics: caesarean
section 21(95) 1(4.5) 0(0) 0(0) 15 (68) 5(23) 2(97)
Orthopaedics:

Cold 19 (79) 4117) 0(0) 114.2) 16 67) 6(25) 2(8.3)

Trauma 68 (65) 31(30) 5(4.8) 1(1.0) 27 (26) 61(58) 17 (16)
Radiology: interventional 10 (62) 6(38) 0(0) 0 (0) 4 (25) 8 (50 4 (25)
Spinal 9(82) 2(18) 01(0) 0(0) 3(27) 4(36) 4(36)
Thoracic surgery 14 (78) 4(22) 0(0) 0(0) 8 (44) 6(33) 4 (22
Transplant 12(92) 1(7.7) 0 (0) 0(0) 5(38) 4(31) 4(31)
Urology 36(88) 5(12) 0(0) 0(0) 23(56) 14 (34) 4(9.8)
Vascular 36(52) 33 (48 010 0(0) 10 (14) 48 (70) {16}
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Figure 13.15 () Outcomes of initial event by patient age. Survived (ROSC > 20 min) ™. Died - efforts terminated (no sustained ROSC) M. Died -
DNACPR in place before resuscitation attempt M. (b) Outcomes at hospital discharge by patient age. Alive at hospital discharge Yes M. No M.
Hospital outcome data is only shown for those with completed hospital admission data at time of reporting to NAP7. Numbers at the top of bars

indicate patient numbers in each age category.
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Figure 13.16 Outcome by NCEPOD priority: (a) initial event. Survived (ROSC > 20 min) M. Died - efforts terminated (no sustained ROSC) M, Died -
DNACPR in place before resuscitation attempt M; and (b) hospital admission. Patient alive at hospital discharge? Yes M. No M. Hospital outcome data
are only shown for those with completed hospital admission data at time of reporting to NAP7. Numbers at the top of bars indicate patient numbers in

each age category.
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by bradyarrhythmia, anaphylaxis, vagal outflow, ventricular
tachycardia, high neuraxial block and stroke. Conversely, ROSC
was achieved in only 31% of cases of pulmonary embolism and
45% of bone cement implantation syndrome (Appendix 13.1
Table 13.A6). Similarly, hospital survival in those with completed
outcome data was 95% or more for cardiac arrests caused by
vagal outflow, anaphylaxis and high neuraxial block compared
with 0% for pulmonary embolism and less than 25% for septic
shock and significant hyperkalaemia (Table 13.13).

In the adult non-cardiac, non-obstetric, non-special inclusion
criteria group the difference in outcomes according to surgical
priority was further highlighted. Overall (n = 614) the rate of
ROSC was 75% but this was 91% in the elective setting and
68% for non-elective cases. Similarly, 51% of those with hospital
outcome data survived, but this was 87% for elective cases
compared with 35% for non-elective cases (Table 13.12).

Outcome also varied with the specific cause of cardiac arrest.
High rates of ROSC (> 95%) were seen in arrests caused

Table 13.12 Outcome of initial event and hospital episode by patient group. DNACPR, do not attempt cardiopulmonary resuscitation; NCOSI,

non-cardiac, non-obstetric, non-special inclusion. Values are number (percentage).

Outcome Adult, NCOSI Adult, NCOSI - elective Adult, NCOSI -
(n=614) (n=193) non-elective (n=421)
Initial:
Survived 665 (75) 462 (75) 175 (9] 287 (68
Died 202 (23] 139 (23) 12(6.2) 127 (30)
Died (DNACPR in place) 7(0.8) 61.0) 2(1.0) 4(1.0)
Unknown 710.8) 7(1) 4(2]) 3(0.7)
Hospital:
Alive 384 (44) 267 (43) 143 (74) 124 29)
Dead 348 (40) 256 (42) 2201) 234 (56)
N/A - still admitted 149 (17) 9115) 28 (1) 6315)

Table 13.13 Outcome of hospital admission by primary specific cause (for those with more than five cases with outcome data)

Status at hospital discharge

Alive, Died, N/A, still
n (%) VA admitted,” n (%)

Vagal outflow — eg pneumoperitoneum, oculo-cardiac reflex (n=33) 29 (88) 0(0) 4(12)
Ventricular tachycardia (n=13) 11(85) 1(77) 1(7.7)
Drug error (n=16) 13(87) 1(6.2) 2(12)
Anaphylaxis (n=35) 26 (74) 1(2.9) 8(23)
Bradyarrhythmia (n=83) 61(73) 8(9.6) 14(17)
Severe hypoxaemia (n=54) 33 (6]) 12 (22) 9(17)
Tachyarrhythmia (n=16) 9 (56) 5(3) 2(12)
High neuraxial block (n=6) 3(50) 0(0) 31(50)
Isolated severe hypotension (central vasopressors considered/started) (n=54) 26 (48) 17(31) 11(20]
Cardiac tamponade (n=15) 747 6(40) 2(13)
Ventricular fibrillation (n=26) 12 (46) 8 (31) 6(23)
Complete heart block (n=13) 6 (46) 2 (15) 5(38)
Major haemorrhage (n=149) 42 (28) 84 (56) 23 (15)
Bone cement implantation syndrome (n=20) 5(25) 1(55) 4(20)
Tension pneumothorax (n=8) 2 (25) 3(38 3(38)
Cardiac ischaemia (n=64) 15(23) 42 (66) 7M)
Septic shock (n=57) 13 (23] 41(72) 3(53)
Significant hyperkalaemia (n=9) () 4 (44) 4 (44)
Pulmonary embolism (n=16) 010 14 (88) 212)
Other (n=100) 36 (36) 46 (46 18 (18]
* Patient alive and still admitted at time of reporting to NAP7
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Post-cardiac arrest care

Coronary angiography was undertaken in 46 (5.2%) cases: 18
(2.0%) cases during continuing CPR, 12 (1.4%) within two hours
of cardiac arrest and 16 (1.8%) at a later point during the same
hospital admission. Coronary reperfusion was attempted in

34 (3.9%) cases: during the cardiac arrest in 24 cases (2.7%),
of which 18 were percutaneous coronary intervention (PCl), 5
were coronary artery bypass graft (CABG) and 1thrombolysis.
Reperfusion was attempted within 24 hours of ROSC in 9
cases (1%; 6 PCl, 3 CABG) and at a later point during hospital
admission in one (0.1%; PClI). Treatment for massive pulmonary
embolism was attempted by thrombolysis in nine cases (1%;
seven intra-arrest and two within 24 hours of ROSC), 22% of
whom were alive at the time of NAP7 reporting. There were no
reports of pulmonary embolectomy.

A total of 660 of 665 (99.2%) patients who survived the

initial event (sustained ROSC > 20 minutes) were admitted to
high-dependency or intensive care, of which 272 (41%) were
unplanned admissions. Some 31 patients required transfer to a
different hospital for critical care (8 from the independent sector
and 23 between NHS hospitals) and 32 patients were transferred
to a specialist hospital for further treatment.

Panel rating of overall care
and severity of harm

The ratings given to aspects of care for all 881 cases are shown
in Table 13.14 (Appendix 13.1 Figure 13.Al). Overall care was good
in over half of cases and in only 2.1% was overall care rated as
poor, but poor elements were present in around 30%. Care
before cardiac arrest was the phase of care most commonly
rated as poor (11%) and elements of poor care were identified

in approximately a third of cases. Care during and after cardiac
arrest was generally good.

Case reporters were asked for admission and discharge mRS to
assess functional status and quality of neurological outcome. The
results for cases recording values at both timepoints are shown

in Table 13.15. Of those admitted with mRS 0-3, the majority
who survived to discharge (243/267, 91%) had a favourable
functional outcome (defined as mRS 0-3). This finding is similar
to recent data from the UK National Cardiac Arrest Audit,
which documented a favourable functional outcome (Cerebral
Performance Category, CPC, score 1-2) in 89% of patients
surviving to hospital discharge after in-hospital cardiac arrest
(McGuigan 2023). An increase in mRS by two or more points
occurred in 38 (14%) survivors.

For paediatric cases, the Paediatric Cerebral Performance
Category (PCPC) scale was used and admission and discharge
values were available for 31/102 (30%). Of those admitted with
PCPC 1-2, the majority of those who survived to discharge
(10/15, 67%) had a favourable functional outcome, defined as
PCPC1-2.

The panel also judged the severity of harm for all cases
according to National Patient Safety Agency (NPSA) definitions
(NPSA 2004). Most survivors (443, 50%) were judged to have
experienced moderate harm, with severe harm in 102 (12%). The
outcome was death in 336 (38%), and the panel considered this
to be the result of an inexorable fatal process in 103 (31%).

Discussion

In the first UK wide prospective audit of perioperative cardiac
arrest, we found an incidence of perioperative cardiac arrest

of approximately 3 in 10,000. This is in keeping with existing
estimates from other settings (Hur 2017, Kaiser 2020), and lower
than the 5.7 per 10,000 reported in one US series (Fielding-Singh
2020) and 13 per 10,000 in a report from Brazil (Sebbag 2013).
For those with hospital outcome data, 41% died. However, at the
time of reporting, 132 {15%) of the patients remained in hospital;
thus, the final mortality rate will be higher than this and therefore
higher than the 35.7% and 31.7% reported in two US series
(Fielding-Singh 2020, Ramachandran 2013). Other series have
reported a 30-day mortality of 75% (Sebbag 2013) and 62.6%

Table 13.14 Overall rating of care on panel review. Values are number (percentage).

Period of care Good Good and poor Poor Unclear
Pre-cardiac arrest 421(48) 186 (21) 92 (1) 176 (20)
During cardiac arrest 702 (80) 64 (7.3) 15(1.7) 92 (1)

Post-cardiac arrest 691(80) 43 (5.0 10 (1.2) 120 (14)
Overall 464 (53) 245 (28) 18 (2] 145 (17)

Table 13.15 Admission and discharge modified Rankin Scale (mRS) score for reports with both values included.

Discharge mRS, n (%)

Admission mRS

6 (death)
0-3 (n=507) 243 (48) 16 (3.2) 8 (1.6 240 (47)
4 (n=34) 4(12) 6(18) 2(59 22 (65)
5 (n=10) 2 (20 0(0) 3(30) 5(50)
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(Goswami 2012) and 3-month mortality of 62% (Hur 2017). We
did not collect 30-day outcome data in NAP7 and we do not
have survival to discharge data for 15% of the NAP7 cases (they
remained alive in hospital at the time of reporting).

Existing UK data on in-hospital cardiac arrest come from the
National Cardiac Arrest Audit (NCAA; Nolan 2014, McGuigan
2023), although most perioperative cardiac arrests are not
included because a 2222 emergency call is typically not made
and a 2222 call is a mandatory criterion for inclusion in NCAA.
Of the 881 arrests reported to NAP7, a 2222 call was made

in only 21%, with the most common method of summoning
assistance the use of an emergency bell or shouting for help.
The latest 2021/22 NCAA report describes survival of the initial
arrest of 49.5% with overall survival to hospital discharge of
22.7% (NCAA 2022). We found a higher rate of initial arrest
survival of 75%. Potential reasons for this include that most arrests
occur in @ monitored environment with staff available to rapidly
commence resuscitation and the case mix of the perioperative
population is different to the broader hospital inpatient cohort.
We also report a higher rate of survival to hospital discharge
which is likely for similar reasons.

A 2022 systematic review of studies reporting the causes of
in-hospital cardiac arrest documented that the most common
cause was hypoxaemia (26.5%; Allencherril 2022); this contrasts
with NAP7 which documented that 6.1% of cardiac arrests were

caused by severe hypoxaemia. The most common cause of
cardiac arrest in NAP7 was haemorrhage (17%). The systematic
review did not report haemorrhage specifically as a cause of
cardiac arrest but documented hypovolaemia as a cause in 14.8%
of cases.

For cases that underwent a full panel review, we attempted to
assign contributory and causal factors in line with the Yorkshire
Contributory Factors Framework (Lawton 2012). The nature of the
data available for case review limits the value of this approach
and our results highlight little more than the contributions that
patient, anaesthesia and surgical factors played, similar to the
assigned 'key causes of cardiac arrest’. We also sought to identify
mitigating factors; however, our ability to detect these factors

is limited by the fact that we only reviewed cardiac arrest cases;
ideally, mitigating steps will have prevented cardiac arrest from
occurring.

This chapter provides an overview of the headline figures and
demographics of cases of perioperative cardiac arrest reported
to NAP7. The following chapters provide additional detail and
in-depth analysis of clinical subgroups and recurrent themes

to emerge from the case review process. While it is likely that
we did not achieve 100% case capture over the 12-month
registry period, the 881 reports detailed in NAP7 are the largest
prospective case series to date and are therefore a valuable
resource to learn about this important issue.
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Cardiac arrest case reports summary

Appendix 13.1

Figure 13.A1 Panel rating of overall care, all cases. Good ®, Good and poor M, Poor ¥, Unclear B.

Before cardiac
arrest

During cardiac
arrest

After cardiac
arrest

Overall

0% 20% 40% 60% 80% 100%

Table 13.A1 Patient demographics. CFS, Clinical Frailty Scale score; NCOSI, non-cardiac, non-obstetric, non-special inclusion.

Adult, NCOSI
(n=614)

Adult, NCOSI - elective
(n=193)

Adult, NCOSI - non-elective
(n=421)

(n) (%) (n) (%) (n) (%)

Sex (female) 384 44 270 (44%) 44 100 (52%) 52 170 40
Age, years 60.5 70.5 70.5 0.5
(interquartile (40.5-80.5) (60.5-80.5) (50.5-70.5) )
- - ! (60.5-80.5)
range) [1 missing] [T missing] [T missing]
275 275 275 275
_2
::::rkg;:file (21.7-32.5) (21.7-32.5) (21.7-32.5) (21.7-32.5)
q [206 N/A [72 missing [6 missing [66 missing
range) o
or missing] or unknown| or unknown| or unknown|

Overweight - 1of 675] 625 339 [of 542] 625 127 [of 187) 679 212 [of 355) 597
or obese
Obese 226 [of 675] 335 185 [of 542] 341 63 [of 187] 339 122 [of 355] 344
Ethnicity 727 83 542 88 173 90 369 88
(white)
ASA1-2 235 27 179 28.7 19 6] 60 14.6
ASA 3 324 37 226 37 69 36 157 37
ASA 4-5 322 36.6 209 34 5 2.6 204 48

359 [unknown 280 [unknown 126 [unknown 154 [unknown
CFS1-3 or N/A 218] 48 or N/A 7] 46 or N/A19] 66 or N/A 57 3
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Table 13.A2 Surgical specialty of cases reported to NAP7

All cases (n=881) Activity Survey (n=24,172)
Surgical specialty
(%)

Abdominal:

Hepatobiliary 13 1.5 228 09

Lower Gl 85 10 138 4.7

Upper Gl 41 4.8 523 2.2

Other 13 1.5 186 0.8
Cardiac surgery 80 9.4 212 09
Cardiology:

Diagnostic 4 0.5 27 0.1

Interventional 53 6.3 106 04

Electrophysiology 1 1.3 135 0.6
Dental 5 0.6 745 31
Maxillofacial 9 11 590 24
Ear, nose and throat 46 54 1,356 5.6
Gastroenterology 17 20 259 11
General surgery 51 6.0 2242 9.3
Gynaecology 41 4.8 1962 81
Neurosurgery 24 28 424 18
Obstetrics:

Caesarean section 22 2.6 1681 7.0

Labour analgesia 2 0.2 1010 4.2

Other 4 0.5 485 2.0
Ophthalmology 5 0.6 1046 4.3
Orthopaedics:

Cold 24 2.8 2496 10

Trauma 105 12 2109 8.7
Pain 1 0.1 260 11
Plastics 8 09 753 31
Burns 0 0 39 0.2
Psychiatry 2 0.2 150 0.6
Radiology:

Diagnostic 1 01 214 0.9

Interventional 16 19 197 0.8
Spinal 1 1.3 187 0.8
Thoracic surgery 18 21 203 0.8
Transplant 13 15 95 04
Urology 41 4.8 2037 8.4
Vascular 69 8.1 407 1.7
Other minor operation 5 0.6 141 0.6
Other major operation 7 0.8 74 0.3
None 0 0 20 <01
Other 0 0 435 1.8
Not applicable 34 34 0 0
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Table 13.A3 Specialties with highest prevalence of cardiac arrest reported to NAP7 by patient group Gl, gastrointestinal; NCOSI, non-cardiac,
non-obstetric, non-special inclusion

Specialties ordered by prevalence

Cases

1 2 3 4 5
All Orfhﬁsj;:ics h Abdominal: lower Gl Cardiac surgery Vascular iriz:\(/jécr)llﬁ(?:;l
(881, 34 unknown] 105,127 (85, 10%) (80, 9.4%) (69, 8.1%) 53, 637
Adult NCOSI elective Gynaecology Urology Orthopaedics - cold General surgery Abdominal: lower Gl
(193, 1 unknown| (31, 16%) (25, 13%) (19, 9.9%) (17, 8.9%) (16, 8.3%)
Adult NCOSI non-elective OrTh;:Ej::CS - Abdominal: lower Gl Vascular Abdominal: upper Gl General surgery
(421) (103, 24% (58, 14%) (57, 14%) (33,7.8%) (30, 71%)

Table 13.A4 Outcome of initial event and hospital admission by patient age. DNAPCR, do not attempt cardiopulmonary resuscitation; ROSC,
return of spontaneous circulation.

Outcome of initial event, n (%) Patient alive at hospital discharge? n (%)

Survived Died, efforts  Died, DNACPR
Age (years) (ROSC > 20 ’rerminajred in pIace' before Unknown Yes No N/A. still

minutes| (no sustained resuscitation admitted

ROSC) attempt

Neonate 18 (64%) 10 (36%) 0 (0%) 0 (0%) 9 (32%) 11 (39%) 8 (29%)
28 daysto < 1 36 (95%) 2(5.3%) 0 (0%] 0(0%) 16 (42%) 6 (16%) 16 (42%)
1-5 17 (100%) 0 (0%) 0 (0%) 0 (0%) 9 (53%) 1(5.9%) 7 (41%)
6-15 16 (67%) 8 (33%) 0 (0%) 0 (0%) 10 (42%) 10 (42%) 4(17%)
16-18 7(70%) 3(30%) 0 (0%) 0 (0% 5(50%) 4 (40%) 1(10%)
19-25 12 (75%) 4 (25%) 0 (0%) 0 (0%) 5(31%) 7 (44%) 4 (25%)
26-45 76 (84%) 14 (15%) 0 (0%) 1(11%) 49 (54%) 26 (29%) 16 (18%)
46-65 177 (77%) 51(22%) 1(0.4%) 1(0.4%) 114 (50%) 83 (36%) 33 (14%)
66-75 148 (73%) 54(26%) 110.5%) 1(0.5%) 90 (44%) 86 (42%) 28 (14%)
76-85 17 (74%) 36 (23%) 2(1.3%) 4(2.5%) 56 (35%) 78 (49%) 25 (16%)
> 85 40 (63%) 20 (32%) 3(4.8%) 0(0%] 20 (32%) 36 (57%) 7 M%)

Table 13.A5 Outcome of initial event and hospital admission by NCEPOD priority. DNAPCR, do not attempt cardiopulmonary resuscitation; ROSC,
return of spontaneous circulation.

Outcome of initial event, n (%) Patient alive at hospital discharge? n (%)
Survived Died, efforts  Died, DNACPR
Priorit i i i
14 (ROSC > 20 fermlnafred in place. before Unknown Yes No N/A‘ still
inutes] (no sustained resuscitation admitted
L ROSC) attempt
Elective 221(91%] 15(6.2%) 2(0.8%) 4(1.7%) 175 (72%) 24(99%) 43 (18%)
Expedited 108 (76%) 33(23%) 2 (1.4%) 0 (0%) 61(43%) 52 (36%) 30 (21%)
Urgent 189 (74%) 63 (25%) 2(0.8%) 2(0.8%) 86 (34%] 127 (50%) 43 (17%)
Immediate 93 (54%) 77 (45%) 0(0%) 1(0.6%) 29 (17%) 120 (70%) 22 (13%)
N/A or 54 (78%) 14 (20%) 1(1.4%) 0 (0%) 33 (48%) 25(36%) 1 (16%)
unknown
Simplified
Elective 221(91%] 15 (6.2%) 2(0.8%) 4(1.7%) 175 (72%) 24(99%) 43 (18%)
Non-elective 390 (68%) 173 (30%) 4(0.7%) 3(0.5%) 176 (31%) 299 (52%) 95 (17%)
N/A or 54 (78%) 14 (20%) 1(1.4%) 0 (0%) 33(48%) 25(36%) 1 (16%)
unknown
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Table 13.A6 Outcome of initial event by primary specific cause (for those with more than five cases with outcome data)

Died, efforts terminated Died, DNACPR in place

S OB (no sustained ROSC), before resuscitation

Unknown, n (%)

> 20 minutes), n (%)

n (%) attempt, n (%)
Ventricular tachycardia (n=13) 13 (100%) 0 (0%) 0 (0%) 0 (0%)
High neuraxial block (n=6) 6 (100%) 0 (0%) 0 (0%) 0 (0%)
Anaphylaxis (n=35) 34(97%) 112.9%) 0 (0%) 0 (0%)
Vagal outflow,
eg pneumoperitoneum, 32 (97%) 0 (0%) 0 (0%) 1(3.0%)
oculocardiac reflex (n=33)
Bradyarrhythmia (n=83) 79 (95%) 3(3.6%) 0 (0%) 1(1.2%)
Drug error (n=16) 15 (94%) 1(6.2%) 0 (0%) 0 (0%)
Isolated severe hypotension,
central vasopressors 50 (93%) 4(7.4%) 0 (0%) 0 (0%)
considered/started (n=54)
Cardiac tamponade (n=15) 14 (93%) 1(6.7%) 0 (0%) 0 (0%)
Complete heart block (n=13) 12 (92%) 1(7.7%) 0 (0%) 0 (0%)
Severe hypoxaemia (n=54 49 (91%) 5(9.3%) 0 (0%) 0 (0%)
Tachyarrhythmia (n=16) 14 (88%) 2 (12%) 0 (0%) 0 (0%)
Tension pneumothorax (n=8) 7 (88%) 1(12%) 0 (0%) 0 (0%)
Ventricular fibrillation (n=26) 20 (77%) 6 (23%) 0 (0%) 0 (0%)
Major haemorrhage (n=149) 96 (64%) 52 (35%) 1(0.7%) 0 (0%)
Cardiac ischaemia (n=64) 36 (56%) 27 (42%) 0 (0%) 1(1.6%)
Septic shock (n=57) 31(54%) 25 (44%) 101.8%) 0(0%)
f;:(::;"::;%‘)"a"““°" 9 (45%) 10 (50%) 1(5.0%) 0 (0%)
Pulmonary embolism (n=16) 5(31%] 9 (56%] 2 (12%] 0 (0%)
Other (n=100) 69 (69%) 27 (27%) 0 (0%) 4(4.0%)
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The independent sector and
perioperative cardiac arrest

Tim Cook Chris Bouch Andrew Kane

Key ﬁndings B The reporT_ed case.s.sho.wed Th.af Iif(.e—threa.fening

emergencies requiring immediate life-saving treatment,

B Inaddition to externally funded care, the independent including haemorrhage, anaphylaxis, cardiac arrhythmia
sector provides around one in six NHS-funded and pulmonary embolus, can and do occur in the
perioperative care episodes and this proportion is independent sector.
increasing, B There were examples of good practice and of individuals

B Atofal of 174 independent hospital sites agreed to performing to a very high standard.
participate NAP7, a significant increase from previous B Equally, there was evidence of poorer quality care,
projects, but representing only 39% of contacted hospitals. including delay in recognition and treatment of patient

B There was poor engagement with the Baseline Survey deterioration and poor delivery of care.

(13% response rate from participating hospitals, 4% of the B The overall outcome of cardiac arrests in the independent
sector, vs 72% of all NHS hospitals), meaning that data sector is similar to that in the NHS, although, given the
were not likely to be representative of the whole sector. case mix differences, it might be hoped that it would be
This precluded analysis of the Baseline Survey. better.

W Forty-five percent of participating hospitals (approximately B The overall assessment of quality of perioperative cardiac
13% of the sector) agreed to take part in the Activity Survey arrest care was less likely to be favourable for reports from
and data from 1.912 cases were submitted. the independent sector than from the NHS, but this is

B Compared with the NHS, the caseload in the independent significantly hampered by uncertain assessments, perhaps
sector is less comorbid, with fewer patients who are at reflecting poor quality reports.
the extremes of age, frail or severely obese. It comprises B NAP7 has not received sufficient data returns from the
a large proportion of elective orthopaedic surgery, independent sector to enable us to determine whether
undertaken mainly during weekday working hours. perioperative care in that setting is more, equally or less

B The survey raises the possibility of lower compliance rates safe than in the NHS.
with monitoring recommendations in the theatre complex, B We repeat the recommendation made in NAP6, that NHS
which merits further investigation. and other organisations funding the care of patients in

B The 17 cases of perioperative cardiac arrest from the independent sector hospitals should work with regulators
independent sector account for only 1.8% of all cases and inspectors to ensure robust data collection and
reported to NAP?7. It is not possible to determine to what reporting and that all independent hospitals are included
extent this reflects a failure to report cases. The lack of in national audits and registries. Only through this can
certainty over the extent of reporting and small numbers the comparative safety of the independent sector be
with low Activity Survey data returns mean that conclusions determined.
must be cautious.

B The reports demonstrate perioperative cardiac arrests Whaf we a|ready know

in the independent sector tended to occur in elective
patients, with lower ASA scores and less frailty than in the

The care of a substantial proportion of patients undergoing
surgery and anaesthesia in independent hospitals is funded by

NHS, reflecting the case mix in this sector. the NHS.

Report and findings of the 7th National Audit Project Royal College of Anaesthetists 160



Independent sector

The independent healthcare sector in the UK consists of up
to 600 sites delivering care (PHIN 2021) and includes patients
receiving care on a privately insured and self-pay basis, and
NHS patients who may have chosen care in these settings or
in stand-alone independent sector treatment centres, through
the NHS Choice Framework (https://www.gov.uk/government

publications/the-nhs-choice-framework) or through NHS
organisations purchasing care in the independent sector. The
ratio of these funding streams across different sites and providers
will vary. Some of these sites will include independent healthcare
delivered at an NHS hospital.

Before the pandemic, approximately 12% of total NHS-

funded elective inpatient care (7% of outpatient treatments)

was undertaken in the independent sector, including 23%

of orthopaedic activity (Peytrignet 2022). The proportion of
planned NHS inpatient care rose to 16% in 2022, varying by
specialty, accounting for around 30% of orthopaedic activity.
There is some evidence of imbalance in the increased provision
of NHS care within the independent sector, with this being twice
as frequent in areas of low social deprivation compared with
areas of high social deprivation.

There is uncertainty about what will happen in the future but, in
view of the waiting list backlog, it is plausible that the proportions
will increase further, either through self-pay/insured access or
via the NHS-funded route. The independent sector therefore
provides around one in six planned inpatient hospital episodes
and around one in three for orthopaedic surgery. It provides

a substantially smaller proportion of emergency care. In 2017,
almost half of the patients receiving care in the independent
sector were NHS funded (CHPI 2017).

Most independent sector hospitals are small, separate or isolated
from larger hospitals. They do not have access to all the clinical
services that might be present in a district general or tertiary
hospital providing 24-hour emergency services. Unlike in the
NHS, consultants are not employed by the hospital but provide
clinical services, usually working as solo providers although they
may form part of a group. There are generally no departments of
anaesthesia, as are seen routinely at NHS sites.

The need for audit and quality assurance of care delivered in
independent sector hospitals has been highlighted before as has
the need to engage with national audits (Leys 2014, Cook 2018).
NAP7 provided an opportunity to examine the preparation for,
prevalence and management of perioperative cardiac arrest as
measures of quality of care in the independent sector, with a
further opportunity to compare such care to the NHS setting.

What we found

This section is prefaced with a caveat: analysis of the
independent sector data is problematic. Low rates of returns in
the Baseline Survey and the lack of a confident independent
sector activity denominator mean that it is difficult to be

confident that the data are representative of the sector. We
therefore present an overview but advise caution in detailed
comparisons.

To improve the engagement of the independent sector, we
contacted the Independent Healthcare Provider Network (IHPN)
and the IHPN nominated a representative to sit on the NAP7
panel.

We contacted 442 independent providers (that we identified
from IHPN members listed on their website] to ask for enrolment
in the NAP7 project; 174 hospitals agreed to take part in NAP7.
Several organisations enrolled all their hospitals.

For the Baseline Survey, we received 23 responses (31 submitted
with 8 duplicates), giving a 13% response rate. We estimated this
to reflect only 4% of all independent sector facilities. We judged
this too low to enable useful analysis and reporting.

An independent sector Activity Survey was conducted at
approximately the same time as the NHS survey; 78 hospitals
indicated that they would take part (45% of enrolled hospitals,
13% of the estimated number of independent sector hospitals)
and we received approximately 1,900 datasets (approximately
8% of the number received from NHS hospitals).

Activity Survey

The survey can be summarised as follows, but the low response
rate from the independent sector merits caution. Compared with
the NHS Activity Survey those in the independent sector were
marked by:

B lower ASA class [ASA1-2 92% vs 73%)

m  fewer children (4% vs 14%) and children younger than five
years (1% vs 5%)

B similar rates of older patients (12% vs 13% age > 75 years) but
not very elderly (1% vs 3% aged > 85 years)

B similar rates of obesity (23% vs 26% body mass index, BMI,
> 30 kg m?) but fewer patients who were very obese (3% vs
4% BMI > 40 kg m?)

B more elective orthopaedics (41% vs 10%) similar amounts of
general surgery (10% vs 9%) but little obstetrics (<1% vs 13%)

B 3 higher proportion of work during the week (95% vs 89%)

B most work in-hours (96% vs 90%) and rarely overnight (<1%
vs 5%)

B 3 broadly similar distribution of surgical complexity (36% vs

28% major or complex|

B somewhat lower monitoring rates compliant with guidelines
when transfer from anaesthetic room to theatre (49% vs
67%) and from theatre to recovery/critical care (29% vs 51%).

B lower rates of processed EEG (pEEG) monitoring during total
intravenous anaesthesia (TIVA) (35% vs 63%).
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Perioperative cardiac arrest case reports

The case reporting form identified whether reports came from
the NHS or the independent sector and 17 (1.9%) of 881 reports
were from the independent sector; 5 patients died and 12
survived. Among survivors only one was reported to have severe
harm, with all others experiencing moderate harm.

Elective orthopaedics, general surgery and gynaecology
accounted for two-thirds of cases, a greater proportion and
narrower range of surgical specialties than in the NHS cohort.
Approximately 70% of cases occurred in patients who were
overweight or obese, a slightly higher proportion compared

with the NHS Activity Survey population distribution. Reports to
NAP7 from the independent sector, when compared with reports
from the NHS, were:

B less likely to be aged < 18 years (0% vs 12%) or > 75 years
(12% vs 25%)

m  more likely to be ASA1and 2 (88% vs 25%)
B less likely to be frail (17% vs 29%)
B more likely to be undergoing elective surgery (94% vs 26%).

Sex, distribution of BMls, extent of surgery and type of
anaesthesia were not notably different between cases reported
from the independent and NHS sectors.

Perioperative cardiac arrests reported from the independent
sector predominantly (82%) occurred in the operating theatre
and mostly (76%) after induction of anaesthesia and before
emergence. There were no major differences in the phase of
the perioperative pathway at which the cardiac arrest occurred,
nor in the initial cardiac rhythm or duration of cardiac arrest,
compared with cases from the NHS.

Few (18%) cardiac arrests occurred after leaving theatres or on
the ward but, in reports from the independent sector, cardiac
arrest occurred less commonly out of hours than in reports from
the NHS (12% vs 31%).

In three-quarters of reports, additional anaesthetic assistance was
called for; in all these cases, it was reported to arrive within three
minutes. The number of individuals present at the arrest was
lower in the independent sector than in NHS hospitals at time

of arrest (median 1, IQR 1-1, vs 2, IQR 1-3) and during the arrest
(median 1, IQR 0-2, vs 2, 1-4; Figure 14.1).

The principle causes of cardiac arrest are shown in Table 14.1.
The proportion of cases whose key cause was determined by
the NAP7 review panel to be patient-related, surgery-related or
anaesthesia-related were similar in both settings.

After cardiac arrest, of 16 responding to this question, 8 reports
indicated that the patient was transferred. As four patients did
not survive the initial event, this represents approximately 75%
of patients requiring transfer to another hospital. In all cases, the
reason for transfer was that the level of care required could not
be provided in the current hospital.

In one case reported to NAP7, the consultant reported feeling
undermined by criticism of periarrest care and early post-
resuscitation care by others after the patient was transferred to
another hospital.

Outcomes were similar in independent and NHS sectors; similar
proportions survived the initial arrest (71% in independent sector
reports vs 76% in NHS reports) and were alive at the time of the
report (53% vs 59%). The proportion of patients experiencing
harm appeared modestly higher in the independent sector
cohort than in the NHS cohort (24% vs 9%) but as outcome was
unknown for half of patients this is based on very small numbers.

Debrief after cardiac arrest was reported more commonly

in the independent sector than in NHS reports, including all
fatalities and two-thirds of cases in which the patient survived
resuscitation.

In 15 cases, data were sufficient to judge the quality of care and
these are shown in Table 14.2. Reports from the independent
sector were more often judged by the review panel to be unclear
than reports from the NHS, which suggests a less well completed
form. In reports from the independent sector, care was judged

to be good during and after cardiac arrest less often and poor
before cardiac arrest more often than in reports from the

NHS, but the increased rates of ‘uncertain’ judgement partially
accounted for this difference.

Across the whole NAP7 dataset, there were three deaths in
patients who were ASA 1-2 whose deaths were judged by

the review panel to not be the result of an inexorable process
and were therefore deemed unexpected. Two of these deaths
occurred in the independent sector. One occurred in theatre and
one in recovery. Both patients received prolonged resuscitation
and were attended by at least two consultant anaesthetists.
Neither patient was successfully resuscitated. One was most
likely an unexpected primary cardiac event (care was judged

Table 14.1 Main causes of perioperative cardiac arrests in the
independent sector reports

Proportion of causes
in reports from the

Proportion of causes

CAUSSOREIIdISe in all NHS reports (n

arrest independent sector
= 4) (%
(n=17) (%) 864) (%)
Anaphylaxis 18 4
Major haemorrhage 18 18
Cardiac ischaemia 12
Drug error 12
Reflex vagal outflow 12
Bone cement
implantation 6 2
syndrome
Isolated severe
. 6 6
hypotension
Pulmonary embolism 6 2
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Figure 14.1 [A) Number of staff present at the time of cardiac arrest in independent sector reports. (B) Number of staff present at the time of cardiac
arrest in NHS reports. (C) Number of staff present at any time during the cardiac arrest in independent sector reports. (D) Number of staff present at
any time during the cardiac arrest in NHS reports.
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Table 14.2 Quality of care before, during and after cardiac arrest: reports to the independent sector (n=15) compared to reports from the NHS
(n= 713). Uncertain indicates there was insufficient detail to judge quality of care.

Period Good care (%) Good and poor (%) Poor care (%) Uncertain (%)

Before cardiac arrest 47 vs 46 7vs 23 20 vs 11 27 vs 20

During cardiac arrest 53vs 80 1Bvs75 Ovs17 33vs Tl

After cardiac arrest 60 vs 79 7vs52 Ovs12 33vs 14

Overall care 47 vs 52 20 vs 29 7vs 2.3 27 vs16
good throughout] and in one case the cause was uncertain Concerns raised about care included:

but high doses of local anaesthetic were noted to have been

B poor risk stratification preoperatively leading to surgery on
administered (care was judged good and poor throughout). P preop Y 9 9

high-risk patients (ASA 4 and frail)

Examples of good care included: B excessive dose of anaesthetic drug

B prompt initiation of cardiopulmonary resuscitation B excessive dose of adrenaline used to treat bradycardia

m  well-managed anaphylaxis by a solo anaesthetist leading to tachyarrhythmia

®  support provided by other anaesthetic personnel B inappropriately high dose of adrenaline during resuscitation
®  ropid transfer for cardiac investigations. m failure to use an appropriate algorithm to treat bradycardia

B delay in starting treatment
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B poor communication with the surgeon

B no other anaesthetist present or available to assist during
unexpected cardiac arrest

B 3 problem with calling for help

B delay in transferring a patient to another hospital.

Discussion

Some factors inherent in the independent healthcare sector

are likely to make healthcare safer than in the NHS and other
factors may mean that emergency care is more complex and
more difficult to deliver in a timely manner. NAP7 provided

an opportunity to explore these factors, which has not been
entirely successful. There are both positive and negative findings
regarding the independent sector in NAP7. Many findings echo
those reported five years ago in NAP6 (Cook 2018).

Factors tending to make the independent sector care lower risk
than NHS care (many of which are confirmed in our Activity
Survey) include:

B low-risk patients are accepted for care, with higher-risk
patients screened out (CHPI 2017)

few small children or frail patients

almost exclusively elective care

almost exclusively consultant-delivered care

minimal night time care

mostly lower-risk surgery, with a small proportion of high-risk
and complex procedures.

Factors tending to make provision of emergency care in the
independent sector more challenging to deliver, particularly out
of hours (though not all apply to all independent sites), include:
B isolated location

B isolated practice and absence of anaesthetic or surgical
departments

B lack of experience dealing with sick patients on the wards

B limited medical cover out of hours without senior resident
cover

B infrequent emergencies potentially leading to unfamiliarity
when they do occur

m  lack of on-site pathology and blood bank

m frequent lack of other supporting medical, surgical and
interventional radiology specialties

B lack of multispecialty cardiac arrest team and critical care
outreach teams

B lack of high dependency or critical care (Leys 2014)

B need to transfer patients to other (NHS) facilities in the event
of complications of care.

Independent sector hospitals should have the same levels of
preparedness for managing cardiac arrest as NHS hospitals
and are described in the General Provision of Anaesthesia

Services RCoA 2023a). Key features include having a lead

for resuscitation and immediate access to emergency policies
and algorithms. There should be an immediately available
anaesthetist or at least one other advanced life support

provider (RCoA 2023a). Drugs, fluid and equipment required

for resuscitation and managing postoperative complications
should be available within three minutes and should be regularly
maintained (RCoA 2023b). Personal aspects of preparedness
include that all anaesthetists should complete training in adult
and paediatric life support and that knowledge and skills should
be maintained through continual professional development and
planned as part of annual appraisal RCoA 20233 and that all
clinical staff working in recovery should be certified to a standard
equivalent to immediate life support providers (RCoA 2023b).

Engagement and response rates

Engagement from the independent sector appeared good, with
more sites signing up to NAP7 than for previous projects. The
collaboration with IHPN is welcome and we thank all those from
the independent sector who have contributed. Despite this,
return rates were lower than anticipated. For the Baseline Survey,
we likely have data from less than 5% of the sector, and for the
Activity Survey perhaps 15% of sector activity. The relatively
small number of cases, allied with low response rates from other
project phases, make it likely that a substantial number of cases
have not been reported, but this is impossible to confirm.

The reasons underlying the low data return are unclear. Potential
reasons include the impact of COVID-19 (which applied equally
or more so to the NHS), anaesthetic staff not being on site
every day, the absence of anaesthetic departments (specialty
governance leads, morbidity and mortality leads etc) and lack of
electronic patient data systems to facilitate data collection.

The low return rates have implications for interpreting the data
we have received, meaning there is significant uncertainty in
what we report. This uncertainty extends to us being unable to
determine levels of safety within the sector.

The low rate of engagement with the project also has wider
implications for the sector and those who fund care there.

Nature of events

The independent sector should be a low-risk treatment location.
Despite the fact that low numbers of perioperative cardiac arrests
were reported to NAP7, it is clear that such events do occur and
that many are unpredictable. It is a basic requirement that all staff
responsible for care in this sector work in an environment that
facilitates early recognition and management of perioperative
cardiac arrest and that all anaesthetists in particular should have
the training and skills to appropriately manage cardiac arrest.

Anaphylaxis was the most common cause of cardiac arrest, with
orthopaedics the most common surgical group. As previously
noted in NAP6 (Cook 2018), this probably reflects the case

mix in the independent sector and routine use of prophylactic
antibiotics. It reinforces the need for organisations and individuals
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to have clear plans for recognising and managing anaphylaxis.
A case of cardiac arrest from bone implantation syndrome also
highlights the need for training in approaches that minimise the
risk of this happening and in its management (Association of
Anaesthetists 2015; see also Chapter 28 Older frailer patients).

Surgery-related causes of cardiac arrest included surgical
haemorrhage and asystole/severe bradycardia due to vagal
stimulation. Organisations and practitioners need to be equally
aware and prepared for these events. Patient-related events
included cardiac ischaemia and pulmonary embolus. There is
potential for such events to increase in the independent sector,
as demographic changes seen in the NHS surgical population
are likely to also be seen in the independent sector. As the
independent sector takes on a greater proportion of NHS care,
particularly orthopaedic surgery, it is inevitable that age-related
comorbidity will be present.

That two of three ‘deaths in low-risk patients’” in NAP7 occurred
in the independent sector is notable, but numbers were small and
it is difficult to draw conclusions beyond this fact.

Quality of care

In terms of quality of care, there were examples of very high-
quality care. This included teams working together, complex care
managed to a high quality by an individual, and prompt transfer
of patients to other hospitals for ongoing critical care.

There were also some concerns. Narratives included instances
of poor care such as poor case selection, drug dosing errors
contributing to cardiac arrest, delayed or ill-judged management
of cardiac arrest and poor communication between or within
teams. As care is consultant delivered, this should not be

the case, but some consultants may manage emergencies
infrequently leading to reduced familiarity and emphasising the
need for annual practice updates.

Outcomes were broadly similar for both the independent
sector and NHS. As patients in the independent sector are a
preselected lower-risk cohort and there is very little emergency
surgery undertaken, it would be reasonable to expect outcomes
to be better in the independent sector. This is an area that likely
merits more study.

It was reassuring that when assistance was called for, it generally
arrived promptly. In NHS hospitals, anaesthesia care is frequently
delivered by more than one anaesthetist and many theatres

are generally active simultaneously. This and the hospital scale
enables rapid response to clinical emergencies including senior
expert assistance. The nature of independent sector practice
means that both anaesthetic and surgical care are commonly
delivered by a solo consultant working with other members of
the theatre team. Many independent sector hospitals are small
and there may be no other anaesthetists present, particularly if
work in one theatre proceeds out of hours, which is common.
These and other factors limit the availability and number of staff
who can assist with an emergency; this was discussed at length in
the NAPé6 report (Cook 2018) and has been highlighted before

(Leys 2014). It is therefore particularly important that robust data
are delivered from the independent sector to enable examination
of safety by projects such as NAP7.

We found that there were fewer members of staff present both
at the point of cardiac arrest and during resuscitation in the
independent sector than in the NHS. While it is not guaranteed
that a greater number of rescuers increases quality of care, it

is likely that responsibility for managing a cardiac arrest falls
predominantly on the consultant anaesthetist. A perioperative
cardiac arrest in an isolated setting, with few able to assist

and with critical care facilities at a distant site, is an extremely
demanding occurrence. An absence of experienced colleagues
increases workload and stress. In one case, the consultant
anaesthetist reported receiving ‘little actual input’ from others
who attended and that some contributions were even ‘a
distraction’. Independent sector hospitals need to ensure that,
whatever surgery is taking place, sufficient staff can respond

to critical events and that the response includes appropriately
skilled staff.

After successful resuscitation, most patients were transferred to
another hospital for specialist and continuing treatment, most
commonly to critical care. Therefore, management of a cardiac
arrest in the independent sector involves not only resuscitation,
but early post-resuscitation care and transfer, often of a critically
ill patient who may be physiologically unstable, to another
hospital. This is complex care with ‘organisational, logistical and
patient-safety challenges’ and may fall outside some consultant
anaesthetists’ recent experience or skillset (Cook 2018). Transfers
of patients from the independent sector to NHS facilities are
common (CHPI 2017) but few involve critically ill patients.
Whereas intra- and interhospital transfers of the critically in the
NHS routinely involve a specialist intensivist or anaesthetist with
specific critical care and transfer skills (RCoA 2023c¢, FICM 2019),
such an arrangement will often be less easy, or even impractical,
to arrange in the independent sector. This may be easier to
achieve when anaesthetists work together collaboratively in

the independent sector. While local agreements for transfer

of patients from the independent sector to NHS critical care
facilities will commonly be in place, the mechanism by which this
takes place for critically ill patients may not be defined.

Adult critical care transfer services (NHSE 2022) have been
commissioned by NHS England and NHS Wales in recent years
and it is likely that the provision of dedicated critical care transfer
teams may be beneficial in facilitating the transfer and providing
post-cardiac arrest stabilisation and care before transfer.
Independent sector patients should be treated equitably by
services that are in operation and receive the same standards of
transfer care from these specialist teams as patients moving from
one NHS facility to another.

Debriefs after cardiac arrests were more common in the
independent sector than in the NHS, and this is to be applauded
and encouraged fo ensure that teams can learn from these
uncommon events and where necessary to address any
wellbeing issues that might arise.
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Recommendations

National

Independent Healthcare Provider Network and Private
Healthcare Information Network (PHIN) should work with
commissioners of care, regulators and inspectors to improve
engagement with safety-related national audit projects in the
independent hospital sector to assess the quality and safety
of care delivered.

The Royal College of Anaesthetists should consider
demonstration of active involvement in its audits as a pre-
requisite for accreditation of independent sector hospitals in
the Anaesthesia Clinical Services Accreditation scheme.

The Care Quality Commission should include compliance
with minimum standards of monitoring during anaesthesia as
part of routine checks of independent sector hospitals.

PHIN and IHPN should mandate the collection of data in
all independent sector sites relating to perioperative activity
and adverse events and provide data of outcomes.

The independent sector, collectively, should work
collaboratively with regional NHS Adult Critical Care
Operational Delivery Networks to align guidance and
standards of care.

Paediatric and Adult Critical Care Transfer Services should
undertake transfers of patients from independent sector
facilities to NHS hospitals as part of their usual activity,
providing for all critically ill patients equity of access to high
standards of transfer care.

Independent sector facilities should collaborate with regional
NHS critical care transfer services to improve awareness,
referral processes and patient safety prior to and during
transfer.

Institutional

Independent sector hospitals should adhere to the same
levels of preparedness for managing cardiac arrest as NHS
hospitals, as laid out in the Royal College of Anaesthetists’
General Provisions for Anaesthetic Services 2023.

Each hospital should have (and disseminate| a robust and
clear policy for providing assistance during a perioperative
cardiac arrest. This should include summoning additional
appropriately trained senior clinicians where this is likely to
be of benefit.

Each independent sector facility should have a formal

local agreement in place to enable immediate transfer of

a critically ill patient to a local hospital with critical care
facilities when this is needed. This agreement should include
the independent sector provider, NHS provider, regional
ambulance service and, where available, dedicated critical
care fransfer service.

Each independent sector facility should have (and
disseminate) a protocol for transfer of critically il patients
to another hospital. This policy should include minimum
standards of care for transfer.

Individual

Anaesthetists working in independent sector organisations
should participate in national audits and registries.

Anaesthetists working in independent sector organisations
should be trained and prepared to manage life-threatening
complications, including cardiac arrest and its causes.

Anaesthetists working in independent sector organisations
should be trained in and prepared to transfer a critically

ill patient to another hospital for further care. Where they
do not possess these skills, another clinician with these
competences should be enrolled in the patient’s care.
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cardiac arrest

Jerry Nolan Jasmeet Soar

Key findings

B A precordial thump was used in 18 (2%) of cases of
perioperative cardiac arrest reported to NAP7 and there
was a pulse at the next rhythm check in 13 (72%) of these
cases.

B A precordial thump was most effective when there was a
witnessed and monitored non-shockable cardiac arrest
(12 of 14 cases).

B Calcium was used in 117 (13.3%) of the 881 NAP7 cases.

B Bicarbonate was used in 63 (7.2%) of the 881 NAP7 cases.

B Nineteen (2.2%) of the 881 NAP7 cases received
extracorporeal CPR (eCPR) and all were in specialist adult
or paediatric cardiac surgery centres.

B A thrombolytic drug was injected in 9 (1%) of the 881
NAP7 cases.

B Echocardiography was used during resuscitation in 160
(18.2%) of the 881 NAP7 cases.

Precordial thump
What we already know

Since 2015, the European Resuscitation Council guidelines (Soar
2015) and Resuscitation Council UK (RCUK 2021 guidelines
have not recommended routine use of a precordial thump

but have suggested that a single precordial thump may be
appropriate for a witnessed and monitored ventricular fibrillation
(VF) or pulseless ventricular tachycardia (pVT) cardiac arrest
while awaiting a defibrillator. This guidance remains in current
guidelines and the current Resuscitation Council UK Advanced
Life Support (ALS) course manual. This is because a single
precordial thump has a very low success rate for cardioversion
of a shockable rhythm but the chances of causing harm are very

small (Amir 2007; Haman 2009; Pellis 2009; Kohl 2005; Nehme

2013; Dee 2021).

Controversies in perioperative

What we found

Over the one-year case reporting period, delivery of a

precordial thump was documented in 18 {2%) adult cases of 881
perioperative cardiac arrest cases and was associated with a
return of spontaneous circulation (ROSC) in 13 cases (72%] (Table
15.1). Beyond this observation, there are too few cases to make
detailed observations on the specific characteristics of patients
and settings where a precordial thump was used. Of the 18 cases
reported:

B the ages ranged from 26 to 85 years

B 12 patients (71%) were male

B 13 occurred during general anaesthesia

16 patients also had chest compressions

B in 13 cases, there was ROSC at the next pulse check
following delivery of the precordial thump; however, as other
interventions were also taking place it is not clear whether
the precordial thump contributed to ROSC or whether this
would have occurred irrespective of this intervention

m  duration of cardiac arrest was generally shorter than other
cardiac arrests (< 10 minutes, 89% vs 67%).

We did not identify any evidence of harm caused by a precordial

thump. Outcomes in this group were generally good. This was
despite it being a group judged to have had poor prearrest care
by the NAP7 panel (22% poor vs 1% for all cases and overall
poor care 17% vs 2.1%). Of the 18 patients who had a precordial
thump, all survived the resuscitation attempt and 8 (44%) went
home, 9 (50%) were still in hospital and 1(6%) died.
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Table 15.1 Initial rhythms and use of precordial thump

Return of spontaneous circulation

Outcome when reported

Initial monitored rhythm Case:hc:jf n:);e(;;)rdial at next rhythm check h:)c;:t:lP;:s (s::;\:i;/:/da::,e
(n) (%) in hospital/died (n)

All cases 18 | 13 72 8/9/1

Shockable rhythm

VF/pVT 4 1 25 2/2/0

VF 1 33 2/1/0

pvT 1 0 0 0/1/0

Non-shockable rhythms 14 12 86 6/7/1

PEA 4 4 100 1/2/1

Asystole 8 6 75 4/4/0

Severe bradycardia 2 2 100 1/1/0

PEA, pulseless electrical activity; pVT, pulseless ventricular tachycardia; VF, ventricular fibrillation.

Discussion

Given that the precordial thump is no longer routinely taught

in life support courses and its use has been de-emphasised

in recent guidelines, we were not surprised that it was used in
only 2% of cardiac arrest cases reported to NAP7. Furthermore,
our findings are in keeping with previous studies that suggest

a precordial thump may be more useful for witnessed non-
shockable cardiac arrest rhythms. A review of 103 cases of
ventricular fibrillation (VF)/pulseless (pVT) out-of-hospital cardiac
arrest (OHCA given a precordial thump documented a rhythm
change in 17 cases, but immediate ROSC occurred in just 5
cases; the rhythm deteriorated in 10 cases (Nehme 2013). There
are several reported cases of the successful use of a precordial
thump in witnessed asystole (Pellis 2010), which is consistent
with the cases we documented in NAP7. We cannot be certain
whether the precordial thump was responsible for ROSC in the
13 NAP cases or whether ROSC occurred in response to other
interventions (eg chest compressions) before the next rhythm
check. Our observational data add some very low certainty
evidence to support the use of a precordial thump for witnessed
and monitored non-shockable rhythm cardiac arrest (eg severe
bradycardias progressing to asystole).

A patient having general anaesthesia developed asystole
during a pacemaker change. The cardiologist gave several
precordial thumps, but no chest compressions or drugs,
before a heart rhythm was restored. A new pacing wire was
then inserted. The reviewers thought that the precordial
thumps were probably beneficial in this case. When several
precordial thumps are given, this could be a form of
percussion pacing.

An elderly patient having elective upper-limb surgery
developed a profound bradycardia and became pulseless
after induction of general anaesthesia. The patient was
treated with a single precordial thump, chest compressions,
ephedrine and glycopyrrolate and had a palpable pulse

at the next rhythm check a few minutes later. The patient
made a good recovery and was discharged. The reviewers
thought that any additional benefit of the precordial thump
was uncertain.

Recommendations

National

B Resuscitation guideline writers should review the role of the
precordial thump given the potential for benefit in witnessed
and monitored non-shockable rhythm cardiac arrest.

Individual

B Precordial thump should not delay other more evidence-
based methods of resuscitation including cardiopulmonary
resuscitation (CPR) and administration of relevant drugs.

Calcium
What we already know

Calcium is currently recommended as treatment for cardiac
arrest associated with hyperkalaemia, hypocalcaemia or
calcium channel blocker overdose. However, calcium is

not recommended as a routine treatment for cardiac arrest
(Soar 2021b). Major haemorrhage with massive transfusion is
associated with hypocalcaemia mainly because of the citrate in
fresh frozen plasma and blood.

169



Controversies

in: o 832182349021

1v: 5026468663071

A 2023 systematic review of administration of calcium compared
with no calcium during cardiac arrest in adults or children
identified three randomised controlled trials (RCTs) with 554
adult patients with OHCA, eight observational studies with 2,731
adult cardiac arrest patients, and three observational studies with
17,449 children with in-hospital cardiac arrest (IHCA; Hsu 2023).
This review found that calcium use did not improve outcomes in
adults or children.

Even though current guidelines do not advise the routine

use of calcium in cardiac arrest, it is given in approximately

25% of IHCAs in the United States and its use is increasing
(Moskowitz 2019). In the Calcium for Out-of-hospital Cardiac
Arrest [COCA| RCT, 397 patients with OHCA received up to
two doses of 5 mmol calcium chloride or saline (Vallentin 2021).
The primary outcome, ROSC, occurred in 19% of patients in
the calcium group compared with 27% in the saline group (risk
ratio, RR, 0.72, 95% confidence interval, Cl, 0.49 to0 1.03; P

= 0.09). A prespecified subanalysis of patients with pulseless
electrical activity (PEA), who are more commonly given calcium,
revealed that ROSC occurred in 20% of patients in the calcium
group compared with 39% in the saline group (RR 0.51, 95%

Cl 0.26 to 1.0; (Vallentin 2022). During ischaemia, adenosine
triphosphate depletion results in high cytosolic and mitochondrial
concentrations of calcium, which may contribute to ischaemic

Table 15.2 Causes of cardiac arrest in patients receiving calcium
and with five or more cases reported

Cases
Panel-agreed cause .
(n) (%)
Specific indication:
Major haemorrhage 34 29
Significant hyperkalaemia 15 13
Hypocalcaemia 2 17

No specific indication:

Septic shock 16 14

Isolated severe

hypotension*® 13 I
Cardiac ischaemia 1 9.4
Bradyarrhythmia 7

Cardiac tamponade 7

* Central vasopressors considered/started.

and reperfusion injury. The injection of exogenous calcium may
exacerbate this injury and could account for the reduced rates of
ROSC in the COCA ftrial.

In children, data from the American Heart Association’s Get With
the Guidelines - Resuscitation registry and ICU-RESUScitation
project showed that calcium use during CPR for children with
and without heart disease having an IHCA was common and
associated with worse survival (Dhillon 2022; Cashen 2023).

What we found

Calcium use was documented in 117 (13.3%) of the 881 NAP7
case reports. The panel-agreed causes of cardiac arrest in cases
when calcium was given are shown in Table 15.2. Two cases
included hypocalcaemia in the narrative. There were 167 cases of
major haemorrhage causing cardiac arrest and calcium was given
in 34 (20%) of these cases. There were 23 cases where severe
hyperkalaemia was reported: 15 (65%) received calcium and 7
received both calcium and bicarbonate. Overall, in 58 (49.6%)
reports in which calcium was administered there was a specific
indication and in 59 (50.4%) there was not.

A patient underwent a rapid sequence induction and
tracheal intubation. The heart rhythm changed to VT with
a heart rate above 170 beats/minute soon after induction.
There was initially a pulse, but this quickly deteriorated to
pVT. The patient’s preoperative plasma potassium value
was 3.0-3.4 mmol/I. A return of spontaneous circulation
was achieved with a single shock from a defibrillator.

A dose of 10 ml 10% calcium chloride was also injected.
The reviewers could find no indication for this calcium
administration.

The surgical specialties of patients receiving calcium for cardiac
arrest are shown in Figure 15.1. The cardiac arrest rhythms for the
117 patients receiving calcium were similar to the whole group of
patients with cardiac arrest (Table 15.3). Compared with reports
to NAP7 in which calcium was not given, patients who did
receive it were more likely to be young children (age < 5 years
13.7% vs 5.1%), highly comorbid (ASA 4-5 50% vs 34%) and of
non-white ethnicity (22% vs 11%). Cardiac arrests that included
administration of calcium were more likely to occur after leaving
recovery (32% vs 18%), in critical care (27% vs 12%) and to be
prolonged (> 20 minutes 47% vs 20%).

Patients receiving calcium were less likely to survive the
resuscitation attempt compared with all other reported
perioperative cardiac arrests (56% vs 78%) and less likely to leave
hospital alive (26% vs 46%). There were similar proportions of
survivors still admitted (15% vs 17%) and more in-hospital deaths
in patients receiving calcium (59% vs 37%).
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Figure 15.1 Surgical specialty of patients receiving calcium for cardiac arrest. ENT, ear nose and throat; Gl, gastrointestinal; NA, not answered.
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Discussion

Patients receiving

. All cases
calcium

In the majority of perioperative cardiac arrests reported to
NAP?7, there was no clear and obvious indication for calcium

(%) (%) during cardiac arrest. Although we did not specifically ask
Asystole 12 10 15 about hypocalcaemia in the NAP7 case review form, it is
Bradycardia 15 13 15 unlikely that these large numbers of cases were associated with
Pulseless electrical activity 6 59 52 hypocalcaemia.
Pulseless ventricular ; 00 o The largest group (29%) receiving calcium was patients with
tachycardia a major haemorrhage as a cause of their cardiac arrest. A low
Unknown 7 6.0 5] ionised calcium can be caused by rapid transfusion of blood
Ventricular fibrillation 7 60 65 components containing citrate, although this is uncommon when

An elderly patient having an elective laparoscopic
procedure under general anaesthesia had a severe
vasovagal episode on intra-abdominal insufflation. The
patient was given chest compressions, adrenaline and
calcium. The patient was resuscitated successfully and
survived to go home. The panel could not identify any
indication for the calcium in this case.

An elderly patient developed pulseless ventricular
tachycardia following a rapid sequence induction that
included thiopentone and suxamethonium. The patient was
successfully resuscitated following defibrillation and a dose
of calcium. There was no hyperkalaemia. The panel could
not identify any indication for the calcium in this case.

liver function is normal (UK Blood Services 2014). However, in
haemorrhagic shock requiring massive transfusion, liver function
is often impaired by hypoperfusion (Rossaint 2023).

Calcium is used to protect the heart in severe hyperkalaemia
(Alfonzo 2020), and this accounted for about 8.5% of cardiac
arrest cases where calcium was given.

The specialty using calcium most commonly during cardiac arrest
is cardiac surgery. Calcium is used during cardiac anaesthesia to
improve cardiac function because of its inotropic effects when
weaning patients from cardiopulmonary bypass (Lomivorotov
2020). However, there are also concerns that the use of calcium
may be harmful. A multicentre RCT studying whether intravenous
calcium chloride reduces the need for inotropic support after
cardiopulmonary bypass weaning is currently in progress
(Lomivorotov 2021).

Calcium use was seen disproportionately in paediatric cases,
in cases where the arrest took place on critical care, including
paediatric critical care, and in prolonged resuscitation.

NAP7 data suggest a relative two-fold overuse of calcium
compared with guidelines. Overall, these patients had a
poorer outcome than other NAP7 cases, although this may be
confounded by case mix.
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Calcium is not part of current guidelines for cardiac arrest
outside the specific circumstances of severe hyperkalaemia and
hypocalcaemia (Hsu 2023). The most recent RCT of calcium

in cardiac arrest suggested possible harm from calcium use
(Vallentin 2021, 2022). Although the NAP7 data cannot rule
out benefits or harms from the use of calcium for perioperative
cardiac arrest, the available evidence suggests that it should not
be used unless there is a firm indication.

Recommendations
Individual

B Calcium should not be given to patients in cardiac
arrest unless there is a very specific indication such as
hyperkalaemia or hypocalcaemia (Lott 2021).

Bicarbonate
What we already know

Bicarbonate is not recommended as a routine treatment for
cardiac arrest (Soar 2021b). It is currently recommended as
treatment for cardiac arrest associated with hyperkalaemia or
caused by overdose of drugs with quinidine-like effects (eg
tricyclic antidepressants, neuroleptics; Lott 2021). Even though
current guidelines do not advise the routine use of bicarbonate
in cardiac arrest, it was given in almost 50% of IHCAs in the
United States in 2016 and its use is increasing (Moskowitz 2019).
Observational studies of the impact on outcome of bicarbonate
use in OHCA have reported conflicting results (Kawano

2017; Kim 2016) but these studies are subject to significant
confounding, not least because of resuscitation time bias (the
longer the resuscitation attempt, the worse the outcome but
the more likely that advanced life support interventions are to
be delivered; Andersen 2018). A systematic review and meta-
analysis of the effectiveness of bicarbonate in OHCA and

IHCA included six observational trials (18,406 patients) and

documented no significant differences between bicarbonate and
no bicarbonate groups in ROSC (OR 1.19; 95% CI 0.68-2.07) or

survival to hospital discharge (odds ratio, OR, 0.3; 95% CI 0.07
to 1.32; Wu 2020). Bicarbonate is frequently given to correct
severe acidaemia in critically ill patients, although there is very
little evidence that this beneficial (Coppola 2021).

What we found

Administration of bicarbonate was documented in 63 (7.2%)

of the 881 NAP7 cases. Of these 63 cases, the panel-agreed
cause of cardiac arrest was significant hyperkalaemia in 5 (8%)
cases. The panel-agreed causes of cardiac arrest in cases when
bicarbonate was given are shown in Table 15.4.

There were 40 NAP7 cases for which a severe metabolic acidosis

was reported and 10 (24%) of these were given bicarbonate.
Of 23 cases where severe hyperkalaemia was reported, 7 (30%)
received bicarbonate. All 7 also received calcium.

Table 15.4 Causes of cardiac arrest in patients receiving bicarbonate
and with five or more cases reported, and frequency of these causes
in all NAP7 reports

Patients receiving

Panel-agreed cause bicarbonate AGESEs
(%) (%)
Major haemorrhage 16 25 14
Septic shock 13 21 6.3
Cardiac ischaemia 12 19 6.7
Significant hyperkalaemia 7 1 1.2
Bradyarrhythmia 5 8 8.6

Compared with patients not receiving bicarbonate, those given
bicarbonate were more commonly very young (age < 1year,
17% vs 3.3%), severely comorbid [ASA 5 17% vs 6.5%), of non-
white ethnicity (25% vs 9%) and their treatment involved cardiac
surgery (11% vs 1%) or interventional cardiology (18% vs 0.5%).
Arrests in this group occurred more commonly in locations
external to theatres (60% vs 27%). including critical care or
paediatric intensive care (33% vs 12%) and were more prolonged
(> 20 minutes, 50% vs 30%). The surgical specialties are shown
in Figure 15.2, duration of cardiac arrest in Figure 15.3. Patients
receiving bicarbonate tended to have a longer duration of
cardiac arrest than those patients not receiving bicarbonate.

Initial cardiac arrest rhythms were similar to those among patients
not receiving bicarbonate. Patients receiving bicarbonate were
less likely to survive the resuscitation attempt compared with all
other reported perioperative cardiac arrests (62% vs 75%) and
less likely to leave hospital alive (25% vs 45%). There were similar
proportions of survivors still admitted (14% vs 17%) and more
in-hospital deaths in patients receiving bicarbonate (60% vs 38%).

Quality of care, as judged by the panel, was similar for patients
given or not given bicarbonate.
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Discussion

Bicarbonate was used in a significant proportion (7.2%) of cardiac
arrests reported to NAP7. Indications for its use were rare and

in most cases the panel identified no clear indication for its use.
Bicarbonate was used more in haemorrhage and sepsis and in
cardiac arrests outside the operating theatre (including adult and
paediatric intensive care).

On reperfusion of the donor liver during liver transplant
surgery, the patient developed a very high potassium
value on blood gases and had an asystolic cardiac arrest.
Cardiopulmonary resuscitation was started and bicarbonate
was given during advanced life support that also included
chest compressions, fluids, adrenaline and calcium - this
was associated with a return to a normal potassium value.
ROSC was achieved after 10-15 minutes of resuscitation
and the patient survived. An insulin and glucose infusion
was not required. The reviewers identified this as a case
where there was an indication for giving bicarbonate -
severe hyperkalaemia in the setting of a severe metabolic
acidosis.

An adult classed as ASA 2 undergoing general anaesthesia
for an elective urological procedure developed a PEA
cardiac arrest. CPR was commenced and ROSC was
achieved after 11 minutes. Drugs given during resuscitation
included adrenaline 5 mg and bicarbonate 100 ml. The
panel could see no indication for the bicarbonate.

The NAP7 data show that use of bicarbonate was associated
with longer duration of cardiac arrest — patients who have
a prolonged cardiac arrest are more likely to have a severe
metabolic acidosis. Whether correction of acidaemia with
bicarbonate during CPR is helpful or harmful is unknown. The

potentially harmful effects of bicarbonate include ([Neumar
2010}:

B a3 negative inotropic effect on an ischaemic myocardium

H the delivery of a large, osmotically active, sodium load to an
already compromised circulation and brain

B 3 shift to the left in the oxygen dissociation curve, further
inhibiting release of oxygen to the tissues.

Further data may be provided by the continuing Bicarbonate
for In-Hospital Cardiac Arrest trial, a randomised, double-blind,
placebo-controlled trial (clinicaltrials.gov NCT05564130).
Pending the results of this trial, treatment should focus on high-
quality CPR and treating the underlying cause of cardiac arrest;
bicarbonate is probably not helpful.

Recommendations
Individual

B Bicarbonate should not be given to patients in cardiac arrest
unless there are specific indications, such as hyperkalaemia
and overdose of drugs with quinidine-like effects (eg tricyclic
antidepressants, neuroleptics; Lott 2021).

Figure 15.2 Surgical specialty of patients receiving bicarbonate for cardiac arrest. ENT, ear nose and throat; Gl, gastrointestinal; NA, not answered.
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Figure 15.3 Duration of cardiac arrest in patients receiving bicarbonate. The blue bars represent cases of cardiac arrest receiving bicarbonate and

the purple line all cases of cardiac arrest not receiving bicarbonate. A blue bar extending above the purple ling indicates over representation of

bicarbonate use in that group, and under the line, underrepresentation.
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Extracorporeal CPR

What we already know

Extracorporeal CPR [eCPR) should be considered for a patient
in refractory cardiac arrest where there is a potentially reversible
cause and when the expertise to deliver eCPR is available

(Soar 2021b). Three recent RCTs of the use of eCPR for OHCA
have produced conflicting results. Two of these trials were
terminated prematurely after predetermined interim analyses:
one because of superiority of eCPR (Yannopoulos 2020)

and the other because of its futility (Belohlavek 2022). The

most recent trial showed no difference in 30-day favourable
functional outcome, the primary outcome (Suverein 2023).

The effectiveness of eCPR is likely highly dependent on patient
selection and the experience of clinicians and centres delivering
the intervention; as such, it is a challenging intervention to study
in an RCT. Intraoperative cardiac arrest is usually a monitored
event and so there should be minimal delay in starting CPR and,
in many cases, there are potentially reversible causes. Under
these circumstances, if cardiac arrest is refractory to appropriate
treatment, and if eCPR is available, it may enable perfusion of
organs while the precipitating cause is treated (Lott 2021). The
most recent International Liaison Committee on Resuscitation
recommendation for eCPR for in-hospital cardiac arrest suggests
that it may be considered as a rescue therapy for selected
patients when conventional CPR is failing to restore spontaneous
circulation in settings where this can be implemented (weak
recommendation, very low certainty evidence; Berg 2023).

The most recent international data from the Extracorporeal Life
Support Organization Registry for the year 2022 documented
14,509 adult eCPR cases with a 30% survival to discharge, 6,179
paediatric eCPR cases with a 41% survival to discharge, and 2,619
neonatal eCPR cases with a 43% survival to discharge (ELSO
2023).

Table 15.5 Centres providing extracorporeal membrane oxygenation/

extracorporeal cardiopulmonary resuscitation (ECMO/eCPR)] services in UK

Survey ECMO/ Proportion
response eCPR
(%)
(n)

Cardiac surgery centres 57 5 56
(total)
Adult 22 10 46
Paediatric (with PICU) 10 8 80
Non-cardiac surgery 168 3 18
centres (total)
Adult 164 3 1.8
Paediatric hospitals 144 1 0.7
Paediatric hospitals
with PICU I W o
Total 195 18 9.2
ECMO, extracorporeal membrane oxygenation; eCPR, extracorporeal
cardiopulmonary resuscitation; LC, Local Coordinator; PICU,
paediatric infensive care unit.

What we found

Baseline Survey

Extracorporeal membrane oxygenation (ECMO) or eCPR) was
available in 18 (9.2%) hospitals (Table 15.5). Of the 27 (13.7%)
hospital sites that reported being cardiac surgery centres, 15
(55.6%) offered ECMO or eCPR.

Case reports

Of the 881 NAP7 cases, 19 (2.2%) received eCPR; 10 were
children (18% of paediatric NAP7 cases): 4 neonates and 5
children aged 1-17 years. All but one of these cases involved
cardiac surgery and were placed on cardiopulmonary bypass
while in cardiac arrest. The remaining child treated with eCPR
went into pVT after scoliosis surgery. Of the nine adults (1.1%
of adult NAP7 cases) who underwent eCPR, five were cardiac
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Figure 15.4 Time from cardiac arrest to establishing extracorporeal cardiopulmonary resuscitation eCPR - cumulative number of cases
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surgical patients (two survived), two developed cardiac arrest
in the cardiac catheterisation laboratory (both died), one had
a cardiac arrest during a pacemaker change (survived) and the
other went into cardiac arrest during liver transplant surgery

(died).

In total, 15 patients (79%) had a circulation restored and
resuscitation efforts were stopped in 4 patients. Four patients
(21%) survived to hospital discharge, nine (47%) died and six
(32%) were still in hospital at time of reporting.

In 4 cases (21%) the decision for eCPR was made immediately;
in 10 cases (53%) it was made within the first 10 minutes. The
cumulative time from cardiac arrest to establishing eCPR flow is
shown in Figure 15.4.

The aorta was the most common site of arterial cannulation and
was used in 10 cases (53%), followed by the right femoral artery
(5 cases, 26%), left femoral artery (3, 16%), common carotid
artery (1, 5.3%) and other sites (2, 11%). The duration of ECMO
support is shown in Table 15.6.

The reasons for stopping ECMO were recovery (9 cases, 47%),
diagnosis incompatible with life (5 cases, 26%) or multiple organ
failure (4 cases, 21%).

Some 11 complications of ECMO were reported in 9 (42 %)
cases: leg ischaemia (1 case), compartment syndrome (2), surgical
site bleeding requiring
return fo theatre (2),
intracranial haemorrhage
(2), hypoxic ischaemic brain
injury (1), multiple thrombus
(1), unable to achieve

flows (1) and uncertain
complication (1). Six cases
had one complication, one
case had two complications,
and one case had three
complications.
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Table 15.6 Duration of extracorporeal membrane oxygenation

Duration FeHEniS

(] (%)
< 24 hours 7 37
24 to < 48 hours 1 53
48 to < 72 hours 3 16
3-5days 2 11
6-7 days 3 16
> 7 days 1 53
N/A (continuing) 2 11

A patient with complex heart disease had a PEA cardiac
arrest, most likely caused by anaphylaxis, during an
interventional cardiology procedure. Initial resuscitation
was unsuccessful and eCPR was started about 30 minutes
after cardiac arrest. The patient remained on ECMO for
the next few days and recovered from the cardiac arrest.
The panel commented that this case highlighted the
potential value of eCPR in refractory cardiac arrest in
settings where it is feasible.

Discussion

To the best of our knowledge, very few hospitals in the UK have
the facilities to provide eCPR outside a specialist cardiac centre.
Although eCPR is of considerable interest, only 19 (2.2%) of
NAP7 cases received it.

eCPR was notably more common in children (18%) compared
with adults (1.1%). Of the 10 children or neonates, all but one was
in a cardiac surgery setting. Given the high cost and complexity
of setting up an eCPR programme, in contrast to the many other
high-income countries, it is very unlikely that the provision of
eCPR will change in the UK in the near future.
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Recommendations
Individual

B In patients with perioperative cardiac arrest who are
refractory to conventional resuscitation and who have a
potentially reversible cause, consider eCPR if it is available
and feasible.

Thrombolysis
What we already know

Despite only very low certainty and conflicting evidence

from observational studies, thrombolysis is recommended if
cardiac arrest is known or suspected to have been caused by
pulmonary embolism (PE; Lott 2021; Konstantinides 2020). It is
usually difficult to definitely diagnose PE as a cause of cardiac
arrest: the circumstances of the cardiac arrest may increase
the likelihood of PE as a cause (eg sudden collapse in the
relatively immobile postoperative patient with additional risk
factors for thromboembolism) and echocardiography findings
of right ventricular dilatation may be suggestive, but neither
of these provides a definitive diagnosis. The right ventricle

frequently dilates during cardiac arrest even in the absence of PE.

Another challenge facing clinicians in deciding whether to treat
perioperative cardiac arrest with a thrombolytic drug is the risk
of bleeding. If a thrombolytic drug is given to treat cardiac arrest
caused by a PE, CPR may need to be continued for up 60-90
minutes to give sufficient time for the clot to dissolve (Lott 2021;
Konstantinides 2020). This is a situation where a mechanical
chest compression device would be useful if staff are familiar
with its use and can deploy it without prolonged interruption to
CPR. The use of mechanical thrombectomy by interventional
radiology or eCPR may, in settings where these are feasible, also

have a role in treating cardiac arrest caused by a PE (Soar 2021a).

What we found

A thrombolytic drug was injected in nine (1%) of the 881 NAP7
cases. ROSC was achieved in four of these patients, but all died
within 24 h. In all but one of the cases, the cause of cardiac
arrest was thought likely to have been a PE; the remaining case
was thought to have been caused by myocardial infarction
(based on intraoperative echocardiography performed by a
cardiologist]. The diagnosis of PE was made with CT pulmonary
angiography in just one case (in which cardiac arrest occurred
after cemented hemiarthroplasty). In two cases of intraoperative
cardiac arrest, the diagnosis of PE was presumed because
echocardiography demonstrated right ventricular dilatation. In
four cases, cardiac arrest occurred on the ward or ICU within
24 h postoperatively. In all these cases, thrombolysis was given
because of presumed, but not definitively confirmed, PE. In one
case, PEA cardiac arrest occurred during liver transplantation
and the cause was blood clot seen in the right heart; ROSC was
achieved after thrombolysis.

There was a single case of a postoperative sudden cardiac arrest
in a ward patient who died. There was a suspicion of a PE, but
thrombolytic drugs were not readily available and were therefore

not given.

A patient had a ward cardiac arrest following major
abdominal and pelvic cancer surgery. There was a focused
ultrasound during CPR and thrombolysis was given. There
was a prolonged resuscitation attempt (1-2 h) without
restoration of circulation and the patient died. The panel
view was that thrombolysis was reasonable in this patient
given the risk factors for thromboembolism.

Discussion

In at least one of the NAP7 cases, PE was thought to be a
possible cause of intraoperative cardiac arrest but the extensive
surgery being undertaken (with associated bleeding) was thought
to make the bleeding risk too high. If a thrombolytic drug is
given to treat cardiac arrest caused by a PE, CPR may need to
be continued for up 60-90 minutes to give sufficient time for
the clot to dissolve (Lott 2021; Konstantinides 2020). All the
patients who had thrombolysis died within 24 h. It is likely that, in
the future, catheter-guided mechanical thrombectomy will have
a greater role in treating this type of case in centres where it is
feasible (Soar 2021a).

Recommendations

Local

B Thrombolytic drugs should be readily available to give in an
emergency - their location and guidance for use should be
signposted on resuscitation trolleys or cardiac arrest drug
boxes.

Individual

B |n patients with perioperative cardiac arrest in whom
pulmonary embolism is a likely cause, consider giving a
thrombolytic drug. The decision to do this will depend on
the balance between the likelihood of massive pulmonary
embolism as a cause of cardiac arrest and the risk of
uncontrollable bleeding.
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Figure 15.5 Specialties where echocardiography was used during cardiac arrest. ENT, ear nose and throat; Gl, gastrointestinal; NA, not answered.
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Echocardiography during
resuscitation

What we already know

Although point of care ultrasound is being used increasingly
during cardiac arrest to diagnose the cause of cardiac arrest and
to provide information on reversibility, there is no high-certainty
evidence for its benefit for either of these indications (Reynolds
2022; Wyckoff 2022; Soar 2020). Ultrasound equipment is
likely to be more available at the site of a perioperative cardiac
arrest than in many other locations in hospital; this is particularly
the case for cardiac surgical patients and those undergoing
interventional cardiological procedures, where there is also
greater expertise in the use of cardiac ultrasound.

What we found

Echocardiography was used during resuscitation in 160 (18.2%)
of the 881 NAP7 cases. Of these 160 cases, 38 (23%) were
cardiac surgical cases and 27 (17%) occurred in the cardiac

arrest and/or identifying any pathology that may be treatable,
although this will depend on circumstances. In postoperative
cardiac surgical patients where there is a high pretest probability
of cardiac tamponade, the diagnostic utility of echocardiography
may be high but in other contexts it may merely interrupt chest
compressions while having a very low diagnostic yield. There

are important pitfalls. For example, during cardiac arrest there

is commonly right ventricular dilatation, which may lead to the
incorrect assumption that the cardiac arrest has been caused

by PE (Reynolds and Del Rios 2020). Echocardiography can be
used to distinguish true PEA (in which there is electrical activity
on the ECG and no cardiac motion on echocardiography) from
a low-flow pseudo-PEA (in which some cardiac motion is seen
on echocardiography, but the cardiac output is insufficient to
generate a palpable pulse). Cardiac arrest caused by severe
hypovolaemia, including anaphylaxis for example, is likely to
result in ‘pseudo-PEA’ (see Chapter 25 ALS for perioperative
cardiac arrest). In general, the prognosis of pseudo-PEA is better
than that of true PEA (Gaspari 2021).

catheterisation laboratory (Figure 15.5). In the cases in which Recommendations

echocardiography was used, cardiac tamponade was reported Individual

as the cause of cardiac arrest in six (3.8%) cases and was thought )

to be contributory in two (1.2%) cases. In addition, a tension = If point Of. care
echocardiography and

pneumothorax was identified as causing cardiac arrest in one
case (0.6%).

Discussion

The increasing use of echocardiography during cardiac arrest
parallels the increasing availability of point of care ultrasound. In
our cases, it was uncertain whether the use of echocardiography
improved the care of the patient and identified a reversible
cause [eight cases had cardiac tamponade and one case had

a pneumothorax, about 6% of cases where echocardiography
was used). It may be helpful for diagnosing the cause of cardiac

staff experienced in its
use and limitations are
immediately available,
consider its use to
diagnose reversible
causes of perioperative
cardiac arrest.
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Perioperative cardiac arrest
deaths in low-risk patients

Matthew Davies Jasmeet Soar

Introduction

A fear of not waking up after general anaesthesia is very
common (Burkle 2014) and the importance of this issue for
patients was one of the reasons the topic of perioperative
cardiac arrest was chosen for NAP7. The following quote was
posted on a popular chat forum:

Tim Cook

“Am having surgery in a few weeks. | haven't had a GA since

I was young and | can't really remember much about the
procedure. | am feeling more apprehensive about that rather
than the surgery itself! | have been told | won't be able to meet
the anaesthetist until the day of my surgery so am bottling up
more nerves. | think my main fear is not waking up afterwards —
I feel really silly admitting that! Anyone had a similar anxiety?.”

The Royal College of Anaesthetists (RCoA) information for
patients states a 1in 100,000 risk of death as a direct result of
anaesthesia in a healthy adult having a general anaesthetic for
routine surgery (RCoA 2019) (Figure 16.1). This equates to a risk
that is very rare and reinforces the fact that anaesthesia per se is
a safe medical intervention.

A patient death in the perioperative period (30-day mortality)
is uncommon and varies between the elective and emergency
surgical population from 0.4% to 6.2%. The EuSOS group
(Pearse 2012) found a crude mortality of 4% in all non-cardiac
surgery patients across Europe. More recently the mortality
risk for a wide range of surgeries in high income countries was
reported to range between 0.1% and 6% (Nepogodiev 2019).
However, the vast majority of deaths related to surgery occur
postoperatively and the intraoperative period is somewhat less
studied.

The incidence of perioperative cardiac arrest before NAP7 was
reported as 4.3-34.6 per 10,000 cases (Braz 2006, Sprung
2003, Nunally 2015). The mortality from those cardiac arrests
was reported as 58.4% (Nunally 2015) with most (> 60%)
occurring in ASA 3-4 patients (Nunally 2015). However, cardiac

Richard Armstrong

arrests and patient deaths do occur in low-risk pathways and
individuals and organisations should be aware of such risks and
the actions to take in event of an unexpected ‘death on the table'

There are inconsistencies in how and what risks are
communicated to a patient and, in England, the Montgomery
ruling in 2015 states that ’A material risk is one that a reasonable
person in the patient’s position is likely to attach significance

Figure 16.1 Risks for a healthy adult patient having general anaesthesia
for routine surgery

Common events and risks in anaesthesia

This summary card shows the common events and risks that healthy adult patients of normal weight face
when having a general anaesthetic for routine surgery (specialist surgeries may carry different risks).

Modern anaesthetics are very safe. There are some common side effects from the anaesthetic drugs or
equipment used which are usually not serious or long lasting. Risk will vary between individuals and will depend
on the procedure and anaesthetic technique used. Your anaesthetist will discuss with you the risks that they
believe to be more significant for you. You should also discuss with them anything you feel is important to you.

There are other less common risks that your anaesthetfist will not normally discuss routinely unless they believe
you are at higher risk. These have not been shown on this card.

VERY COMMON - MORE THAN 1IN 10 y -
R N . Sickness & %% Shivering
Equivalent to one person in your family
s
D Thirst* @ Sore throat BrUising >, Temporary memory
15 loss (mainly in over 60s)
COMMON - BETWEEN 1IN 10 AND 1IN 100
Equivalent to one person in a street
B \l/
}? Pain at the injection site* fvg Minor lip or tongue injury

UNCOMMON — BETWEEN 1IN 100 AND 1IN 1,000
Equivalent to one person in a village

% Minor nerve injury

RARE — BETWEEN 1IN 1,000 AND 1IN 10,000
Equivalent to one person in a small town

1in 1,000 1in 4,500 1in 10,000
Peripheral nerve

' Damage fo Anaphylaxis
<< damage that is teeth requiring (severe allergic
permanent treatment reaction to a drug)

VERY RARE - 1IN 10,000 TO 1IN 100,000 OR MORE
Equivalent to one person in a large town
The risks we all take in normal life, such as road travel, are actually far higher than the risks below.

B @ 1in100,000

= Loss of vision & 1in100,000
1in 20,000 Desth as a direct
Awareness during an anaesthetic result of anaesthesia

More information on these risks and how to prepare for surgery can be found on our website
here: www.rcoa.ac.uk/patientinfo/risks/risk-leaflets

1in 2,800
Corneal abrasion
(scratch on eye)

“The first Sprint National Anaesthesia Project [SNAP-1) Study. Br | Ansesth 2016 [1tos: /scaderic.oup.com /bia article 17/6/758/2671124),
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to, or if the doctor is or should reasonably be aware that their
patient would be likely to attach significance to it’ (Supreme
Court 2015). Death is irrefutably significant to all individuals.

What we found

We defined a low-risk pathway as anaesthesia care for patients
with an ASA 1or 2, ie patients with no medical problems or

mild systemic disease; (ASA 2020) where death was not part

of an inexorable fatal process that had developed during the
current surgical procedure (eg uncontrollable haemorrhage,
drug resistant anaphylaxis). We acknowledge that there may be
many other cases in NAP7 where a cardiac arrest or death was
unexpected but use this pathway in an attempt to identify deaths
in particularly unexpected settings.

Activity Survey

The NAP7 Activity Survey showed that, for elective day case
surgery, perioperative cardiac arrest was rare (around 1in 1600
cases) and there were no deaths reported among 10,045 cases
(very rare). There was one (ASA 2) reported death among a total
of 14,201 elective cases. The cause of death appeared to be
haemorrhage, most likely unexpected. In the Activity Survey,
there were 12 cases reported where chest compressions or
defibrillation was given during elective care (Figure 16.2). This
included one case that did not meet the NAP7 inclusion criteria
for perioperative cardiac arrest, as there were fewer than five
chest compressions. Perioperative cardiac arrest meeting the
NAP7 inclusion criteria among all elective cases was rare (< Tin
1,000 cases) and deaths were very rare (< 1in 10,000 cases).

In urgent, immediate or expedited cases, there were 24 cardiac
arrests (1in 415 cases) and 8 deaths (1in 1250 cases) from a total
of 9971 cases. Of the eight deaths, one was ASA 1 and one
ASA 2.

Of note, we treat the cardiac arrest data in the Activity Survey
with some caution; it is possible that some cases were reported
in error due to mis-clicks and, as numbers are very small, a small
number of such errors would significantly reduce estimated
incidences.

Case reviews

Among 881 NAP7 cases, 235 cases were classed as ASA T or
ASA 2. When survivors (n = 200) and deaths considered to

be the result of an inexorable process (n = 24) were removed,
the number of cases fell to 11. On detailed review of the case
report forms, seven of those cases were clearly misclassified,
with all being at least ASA 3 and some ASA 5, and one was a
high-risk case despite appropriate ASA grading. In two of the
remaining cases (one aged > 75 years with a fractured hip and
one aged > 65 years with cardiovascular and renal disease), it
was uncertain whether they were ASA 2 or 3. The third case had
a rheumatological condition. It was a notable feature, both in the

Activity Survey and in case reports that ASA was underscored.
This left three patients (none of whom were ASA 1) who met the
criteria used to define a ‘death in a low risk patient”.

Two of these deaths occurred in the independent sector and
further details can be found in Chapter 14 Independent sector.
One was most likely an unexpected primary cardiac event (care

was judged good throughout] and in one case the cause was
uncertain but high doses of local anaesthetic were noted to have
been administered with the relevance of this unknown (care was
judged good and poor throughout). The third death occurred

in an NHS hospital and was reported as a thrombotic event in a
patient undergoing fixation for a fractured neck of femur. This
was considered a probable bone cement implantation syndrome
event - this patient would not be considered low risk by many
anaesthetists.

Discussion

NAP7 shows that deaths ‘out of the blue’ during anaesthesia
and surgery among low-risk patients are very low incidence
events indeed. In this regard, NAP7 is very reassuring for the
public and all involved in safe healthcare. However, such deaths
do occur, and it is important that patients are aware of such risks
before deciding to have surgery and that organisations have
plans for managing such (very rare) events.

A ‘zero' risk preoperative pathway does not exist and even in
low-risk pathways there is a risk of cardiac arrest and an occasional
death in this cohort of patients. The issue of risk prediction is
complicated and is covered in more detail in Chapter 19 Risk
assessment. However even in apparently low-risk patients

there remains an intraoperative risk from unexpected events,
which may be both unexpected and not preventable. These
include anaesthetic events (eg unexpected airway management
difficulty, anaphylaxis), surgical events (eg haemorrhage, bone
implantation syndrome, gas or air emboli) or patient factors [eg
thromboembolic events, previously undiagnosed cardiac disease
leading to arrythmias or acute cardiac events). The evidence from
NAP7 is that, particularly in the elective setting, the risk of such
events in patients apparently ASA 1-2 is reassuringly low and even
when these events do occur most patients survive. However, as
such deaths do occur, there remains a question about consent.

There are inconsistencies in how and what risks are communicated
to a patient and the Montgomery ruling of 2015 (Supreme Court
2015) attempted to clarify the importance of the individual when
communicating risk. Since the Montgomery ruling, the law
requires that all patents must be informed of risks that they would
consider important. Death is irrefutably significant to all individuals
and, as the process of consent continues to evolve, there is a
strong argument that any risk of death should be communicated to
the patient in some way.

The Royal College of Anaesthetists risk infographic quotes

arate of 1in 100,000 for death as a direct result of anaesthesia
in a healthy adult having routine surgery (RCoA 2019). However,
anaesthesia does not occur in isolation and there are important
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Figure 16.2 Cardiac arrest among patients having elective care in the NAP7 Activity Survey (ROSC, return of spontaneous circulation)

‘Chest compressions, defibrillation’? n = 12
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patient and surgical factors that will affect that risk for any
given individual. The risk of anaesthesia is therefore only one
part of perioperative risk. This emphasises the importance of

a multidisciplinary approach to consent, with an overall risk
communicated to the patient rather than for instance ‘a surgical
risk’ and ‘an anaesthetic risk’ being each communicated, in
isolation. This supports the role for a robust preoperative
pathway and patient assessment in the weeks and months before
elective surgery. Patients need to be given time to consider the
risks of the entire perioperative pathway, possibly more so in
these low-risk pathways.

The effect of an unexpected death on the family of the patient
will be catastrophic, as no preparation for such an event will
have occurred. There should be a multidisciplinary team plan for
communication with the next of kin and their continuing support.
There is an argument for a checklist design to aid in these highly
charged situations.

The staff involved will also be affected. It is likely that this will
be more than in higher-risk cases where they had mentally run
through scenarios where death could occur and the second

victim’ effect may be stark in these cases. The effect on the staff
involved in perioperative cardiac arrest is considered further
in Chapter 17 Aftermath and learning, and it is notable that

anaesthetist psychological impact was more frequent in cardiac
arrests in patients at lower risk (ASA 1-2) and when the cardiac
arrest resulted in death.

In the same way that departments should have policies to
manage the aftermath of an unexpected death in theatre, in
terms of patient care and communication to family, such a
policy should also address actions to take to support the staff
involved, both at the time and subsequently. The Royal College
of Surgeons of England has a good practice guide to support
surgeons after adverse events (RCSE 2020). The Association of
Anaesthetists has previously published a guideline on dealing
with the aftermath of ‘catastrophes in anaesthetic practice’
(Association of Anaesthetists 2005) and will publish an updated
document soon after the publication of NAP7.

Although the small number of deaths in low-risk patients is
reassuring, it is possible that some cases of perioperative death
in a low risk patient were not reported. Patients and their families
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expect to receive a consistent high level of care, experience and
outcome, whenever and wherever their operation happens. As
anaesthetists we should remember that ‘ultimately, it's the patient
who takes the risk’ (Chapter 3 Lay perspective).

Recommendations

National

m  National organisations (eg government and royal colleges)
should provide leadership and guidance regarding the
management of rare and unexpected fatalities in anaesthetic
and surgical practice, which should be updated regularly.

B Management of the aftermath of unexpected fatalities
should be included in anaesthesia and surgical curricula.

Institutional

B Each organisation providing anaesthesia and surgery should
have a policy for management of an unexpected death
associated with anaesthesia and surgery. The policy should
include the allocation of a senior individual to oversee care.
Such a policy should include care of the deceased patient,

communication with and care of the family, and provision
for staff involved being relieved from duty and subsequently
provided with appropriate support mechanism.

B Mortality and morbidity processes should review all
unexpected perioperative deaths, with particular focus on
patients in ASA 1-2, and the learning should be shared
across the whole perioperative team. Consideration should
be given to reviewing significant ‘near misses’ to highlight
learning.

B Information provided to patients as part of the consent
process should routinely include the risk of death during
anaesthesia and surgery.

Individual

B The individual involved in an unexpected death should be
stood down from clinical duties wherever practical. Early and
subsequent psychological support should be provided.

References

ASA 2020: American Society of Anesthesiologists. ASA Physical Status Classification
System. Schaumburg, IL: American Society of Anesthesiologists; 2020. htps://
www.asahqg.org/standards-and-quidelines/asa-physical-status-classification-system

(accessed 3 May 2023).

Association of Anaesthetists 2005: Association of Anaesthetists. Catastrophes in
Anaesthetic Practice: Dealing with the aftermath. London: Association of Anaesthetists;
2005. https://anaesthetists.org/Home/Resources-publications/Guidelines
Catastrophes-in-anaesthetfic-practice (sccessed 8 May 2023).

Braz 2006: Braz LG, Modolo NS, do Nascimento Jr P ef al Perioperative cardiac
arrest: a study of 53,718 anaesthetics over 9 yr from a Brazilian teaching hospital.
Br ] Anaesth 2006; 96: 569-75.

Burkle 2014: Burkle CM, Mann CE, Steege JR et al Patient fear of anesthesia
complications according to surgical type: potential impact on informed consent
for anesthesia. Acta Anaesthesiol Scand 2014; 58: 1249-57.

Nepogodiev 2019: Nepogodiev D, Martin ], Biccard B et al Global burden

of postoperative death. Lancet 2019; 393; 401.

Nunnally 2015: Nunnally ME, O’'Connor MF, Kordylewski H et al The incidence and
risk factors for perioperative cardiac arrest observed in the national anesthesia clinical
outcomes registry. Anesth Analg 2015; 120: 364-70.

Pearse 2012: Pearse RM, Moreno, RP Bauer P ef al Mortality after surgery in Europe:
a 7 day cohort study. Lancet 2012; 380: 1059-65.

RCoA 2019: Royal College of Anaesthetists. Common Events and Risks in Anaesthesia.
London: Royal College of Anaesthetists; 2019. https: //www.rcoa.ac.uk/sites /default,
files/documents/2021-12 /Risk-infographics_2019web.pdf (accessed 3 May 2023).

RCSE 2020: Royal College of Surgeons of England. Supporting Surgeons After
Adverse Events: A guide to good practice. London: Royal College of Surgeons of
England; 2020. (sccessed 8 May 2023).

Sprung 2003: Sprung J, Warner ME, Contreras MG et al Predictors of survival
following cardiac arrest in patients undergoing noncardiac surgery: a study of 518,294
patients af a tertiary referral center. Anesthesiology 2003; 99: 259-69.

Supreme Court 2015: Montgomery (Appellant] v Lanarkshire Health Board
(Respondent) (Scotland). [2015] UKSC 2013/0136.

183


https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
https://anaesthetists.org/Home/Resources-publications/Guidelines/Catastrophes-in-anaesthetic-practice
https://anaesthetists.org/Home/Resources-publications/Guidelines/Catastrophes-in-anaesthetic-practice
https://www.rcoa.ac.uk/sites/default/files/documents/2021-12/Risk-infographics_2019web.pdf
https://www.rcoa.ac.uk/sites/default/files/documents/2021-12/Risk-infographics_2019web.pdf

Managing the aftermath and learning
from perioperative cardiac arrest
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Key findings

B Perioperative cardiac arrest events may cause a ‘second
victim” effect on the anaesthetists involved in resuscitation.
The impact on the individual anaesthetists’ ability to
work effectively after the event has short- and long-term
consequences, with a potential impact on future patient
care described as 'the fourth victim’ effect.

B Consistent with this, among 881 reports of perioperative
cardiac arrest to NAP7, in 30 (3.4%) an anaesthetist
reported that the experience directly impacted on their
ability to deliver future patient care and 5.1% preferred not
to answer this question.

B In these cardiac arrest cases, the lead or most senior
anaesthetist at the time of arrest was a consultant or
specialist, associate specialist and specialty anaesthetist in
29 (97%) of cases.

B Risk factors that predisposed an anaesthetist to increased
psychological impact following a perioperative cardiac
arrest included paediatric, obstetric and patients with ASA
scores of 1-2.

B Among all cases, there was good provision of informal
wellbeing support to anaesthetists from colleagues, with
most lead anaesthetists (62%) receiving informal support.

B Conversely, formal wellbeing support for anaesthetists was
uncommon. Approximately half of involved anaesthetists
did not receive formal departmental or hospital support
and more than one third reported that it was not needed.

B Among 30 anaesthetists who reported psychological
impact, 29 (97%) received informal colleague support.

B Among 30 anaesthetists who reported psychological
impact, formal departmental or hospital support was
provided to less than one third of involved anaesthetists.

B A debrief following perioperative cardiac arrest took place
or was planned in 53% of NAP7 reports. ‘Hot" debriefs
were more common than ‘cold’ debriefs (61% vs 20%).

Sam Martin

Emma Wain Nuala Lucas

B Actual or planned debrief was more common in cases that
led to impact on the anaesthetist’s wellbeing (80% vs 53%)
and this debrief was more often formal or semi-formal
(formal, group, one to one, ‘other’).

B Following a perioperative cardiac arrest, the operating
theatre list or on-call shift was either terminated early
or the team stood down from clinical activity in 22% of
all cases and in 67% of cases that led to a psychological
impact on the anaesthetist.

What we already know

A perioperative cardiac arrest is a potentially catastrophic event
for the patient and their family, but also for the anaesthetist and
the wider team involved in the resuscitation. The patient may
suffer significant harm or death, while healthcare professionals
may experience the 'second victim” effect (Wu 2000).

‘Second victims” have been described by Scott (2009):

Healthcare providers who are involved in an unanticipated
adverse patient event, in a medical error and/or a patient related
injury and become victimised in the sense that the provider

is traumatised by the event. Frequently, these individuals feel
personally responsible for the patient outcome. Many feel

as though they have failed the patient, second guessing their
clinical skills and knowledge base.

The aftermath following catastrophic events may carry an
emotional burden for healthcare professionals and have an
increased impact on future clinical performance and patient
care (Gazoni 2008, 2012, Ozeke 2019). Patients who may
consequently be affected by a decreased level of clinical
performance are described as fourth victims’ (Ozeke 2019).
Meta-analyses have demonstrated that burnout in healthcare
professionals is associated with poorer quality of care (Salyers
2017, Tawfik 2019).
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The negative emotional impact following anaesthetic
catastrophes, including critical incidents and intraoperative death,
on anaesthetists varies and the recovery phase may be short or
long term, with approximately 20% of anaesthetists never fully
recovering (Gazoni 2012). Emotional recovery may be prolonged
or hindered if adequate psychological and professional welfare
support is not provided (Gazoni 2008). Perioperative cardiac
arrests are usually unexpected; thus, the burden of trauma to the
whole perioperative team and the impact on patient care delivery
may be more significant. A survey on resuscitation care providers
(medical and nursing staff) showed that 10% of staff exhibited
post-traumatic stress disorder (PTSD) symptoms following their
experience of in-hospital cardiac arrests (Spencer 2019).

The Association of Anaesthetists’ (2005) guidelines on managing
the aftermath of catastrophic events include recommendations
on communication with relatives, debriefing, theatre and on-call
list management, internal review processes, and welfare support.
However, a survey investigating suicide among anaesthetists
showed that the provision of welfare support systems is low
across organisations, and even if such systems exist, clinicians
lack awareness (Yentis 2019). Following this study, Shinde

(2019) produced guidelines recommending that all anaesthetic
departments have a welfare lead to support staff at risk of mental
health and a policy to manage staff-related crises, including
suicide. The welfare of healthcare staff has become increasingly
a concern because of the impact of the COVID-19 pandemic

on the NHS workforce burnout crisis (lacobucci 2023). Intensive
care healthcare staff had higher rates of poor mental health
outcomes during the peak of the pandemic potentially affecting
workforce resilience and patient care (Hall 2022).

What we have found

Baseline Survey

Departmental survey

In the NAP7 Baseline Survey of UK anaesthetic departments, 106
(54%) of 195 departments had a lead for wellbeing and 81 (42%)
had a local policy to manage staff wellbeing and support. Debrief
sessions were available in 154 (79%) departments and specialist
peer-led interventions in 57 (29%) departments (Chapter 9
Organisational survey|. Specialist peer interventions included

specialist support programmes: frauma risk management (TRIM),
and psychological debriefing led by psychologists soon after the
event: critical incident stress debriefing (CISD; Brooks 2019).

Wellbeing of anaesthetists following most recent
perioperative cardiac arrest experience

The individual anaesthetists’ Baseline Survey conducted in June
2021 (Chapter 10 Anaesthetists survey), showed that 4806
(46%) of responding anaesthetists had attended or managed

a perioperative cardiac arrest in the previous two years. The
immediate management of the theatre or on-call list and

the subsequent debrief process following their most recent
perioperative cardiac arrest experience are explored in detail

in Chapter 10 Anaesthetists survey. A total of 4,374 (91%) of
these 4,806 anaesthetists responded to questions on wellbeing
support and impact on future patient care delivery following

their most recent event. Informal support from colleagues was
received by 2,458 (56%) and 472 (11%) received formal support.
Six individuals who had formal support stated that they sought
external psychological support (eg private therapy). Of those
anaesthetists that did not receive formal support, approximately
half reported that it was ‘not needed’ (Figure 17.1).

In total, 196 (4.5%) of 4,374 anaesthetists reported that their most
recent experience of cardiac arrest had a direct impact on their
ability to deliver future patient care but most respondents (89%)
reported no impact. The impact on future care delivery was more

Figure 17.1 Proportion of anaesthetists receiving informal and formal wellbeing support following their most recent experience of perioperative cardiac

arrest (Chapter 10 Anaesthetists survey|. The different wellbeing support strategies are provided for all of the cases (n=4,374) and for those where the

anaesthetist reported an impact on their ability to deliver future care (1=196). Yes M, No M, Prefer not to stay ™, Not needed M.

All cases (n=4374)
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Impact on care delivery (n=196)
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frequently reported by anaesthetists if they had resuscitated

a child (6.3%) or obstetric patient {5.5%) and in cases of
intraoperative death (4.9%) (Figure 17.2). There was no difference
observed among the different grades and level of experiences of
anaesthetists. Examples of various individuals’ perspectives and
psychological impact are shown in Box 17.1.

Although anaesthetists that have reported psychological impact
were more likely to have received informal and formal wellbeing
support, the overall provision of support was lacking (Figure 17.1).
Of 196 anaesthetists who reported an impact on care delivery,
140 (71%) received informal support and 48 (25%) formal
support. Of those that did not receive formal support, only
around one in five anaesthetists stated that it was ‘not needed’
(Figure 17.1).

Box 17.1 Free-text examples describing psychological impact from most
recent and career experiences of perioperative cardiac arrest (Chapter 10
Anaesthetists survey)

‘I wouldn't tackle this kind of case on my own again in the
remote interventional radiology theatre.” (Paediatric case)

‘I was really anxious about giving complex anaesthetics and this
made me for a short period risk adverse. After talking it through
with colleagues | was finally able to come to terms with my own
conduct of anaesthesia and recover my confidence.’

‘I can have panic attacks and flashbacks at work now.’
‘I almost quit my job.’

‘I was a responder to this case rather than the primary
anaesthetist but found it harrowing and tremendously
upsetting. It made me question my ability to keep dealing with
fragedy.’

‘l do not think | will be able to continue in this career until
retirement.”

‘I was terrified of delivering anaesthesia again after the event. |
had significant doubts about my abilities and safety.’

“Anxiety for a good 18 months after and lower threshold to
cancel patients if deemed unfit and in need of optimisation.”

‘I had to continue straight away with other cases. There was
no one to help. | got a phone call the next day but it seemed
accusatory rather than supportive. I felt guilty and responsible
even though [ did nothing wrong. | took months to feel
comfortable in obstetrics. Actually, | think it made me a better
anaesthetist...” (Obstetric setting)

‘In the immediate 2-4 weeks after the case, | experienced
flashbacks and symptoms of severe stress and anxiety. These
have resolved with time.’

Figure 17.2 Proportion of anaesthetists reporting an impact on
future patient care delivery following their most recent experience of
perioperative cardiac arrest (Chapter 10 Anaesthetists survey). Yes M, Not

sure M, Prefer not to stay ™, Not needed M.

All cases
(n=4374)

Death on table -
theatre (n=1062)

Died - all patients
(n=2002)

Obstetrics
(n=181)

Paediatrics
(n=302)
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‘| experienced an acute stress reaction and following it | now
find providing general anaesthesia significantly more stressful
experience where | re-experience the events. Although | now
appreciate that | did not do anything wrong and apparently
handled the incident very well | absolutely thought | was
responsible for killing that woman and her baby. | am not a
typically risk adverse anaesthetist.” (Obstetric setting)

‘Very disappointed in processes to debrief well-being of staff.
A very stressful event - managed poorly in the aftermath. This
includes both immediately after the event and then the period
of review afferwards. In retrospect, staff should be given a
period of time off to check over documentation and to process
events. Not just business as usual.

‘Negative impact lasted about two years for me.’

‘This significantly affected me, and | nearly quit training. | wasn't
able to sleep, had panic attacks.’

‘| tried to speak to the consultant involved in the last one, and
was brushed off to go and figure it out. It took a long time to
recover from these.’ (Paediatric setting)

‘I did not seek support but massively impacted my own
personal wellbeing. Sleepless nights, stress and anxiety.’

‘Patient had a cardiac arrest but survived. | felt terrible
afterwards and was very down as felt guilty and thought it was
my fault. | could not sleep well for a while and felt quite down,
which affected my personal and social life for a while, as | was
perhaps a bit withdrawn.’

‘Never got any support. Particularly in the early years as a
trainee. It probably did have a big impact on me ... had a knock-
on effect on my wife and kids. (Paediatric setting)
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Free-text qualitative analysis from the 196 responses relating to
impact on patient care delivery demonstrated varying themes
(Figure 17.3) and subthemes. Of 260 sentiments reported,

198 (76%) were negative and 62 (24%) positive. Of these

196 anaesthetists, 79 (40%) responses related to ‘increased
anxiety around work’ — of which respondents most specifically
mentioned feeling anxious (45), more cautious (28), more vigilant
(8), having prolonged reflection on the incident (3 or scared (3)
when working with similar cases. Some 72 (37%) respondents
mentioned feeling ‘less confident’; 30 (15%) described a negative
impact on their own ‘personal mental health’, such as feeling
more emotional (12), feeling stressed (12), experiencing PTSD (9)
and worry (2). Needing to take ‘time off work’ was mentioned

by 11 (6%) respondents, with one anaesthetist almost resigning
their job. Six (3%) anaesthetists complained that there was a ‘lack
of formal support’. Conversely, 62 (32%] sentiments described

a ‘positive experience’, including respondents reporting that

they had learned from their experience (51), some specifically

Figure 17.3 Themes identified from qualitative analysis of free-text
responses from anaesthetists reporting an impact on future patient care
delivery following their most recent experience of cardiac arrest (n1=196)
(Chapter 10 Anaesthetists survey)
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indicating increased confidence (10) and some expressing that

they felt the experience had improved their overall ability at work
(10).

Career experience of perioperative cardiac arrest

In terms of entire career experience, 8,654 (85%) of 10,131
responding anaesthetists had previously been involved in the
management of a perioperative cardiac arrest as the primary
anaesthetist or as a helper. Free-text examples of career
experiences and the psychological impact are shown in Box 17.1.

Negative and positive impacts on their professional life

were reported by 1961 (23%) and 2,630 (30%) anaesthetists,
respectively (Figure 17.4). Negative impacts included work-related
anxiety and stress (76%), loss of professional confidence (53%),
impact on relationship with colleagues (12%) and many other
factors (Figure 17.5). Other affected aspects of professional life
are shown in Figure 17.5. Comments on positive impacts, by 1,837
respondents, are shown in Figure 17.6.

el
S

Dy ™ /

Figure 17.4 Proportion of anaesthetists reporting positive or adverse impact on personal and professional life following career experiences of
perioperative cardiac arrest (Chapter 10 Anaesthetists survey). Unclear responses not included. Yes M, Not sure M, Prefer not to stay ¥, No H.
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Figure 17.5 Adverse professional impacts of career experience of perioperative cardiac arrest among anaesthetists in NAP7 Baseline Survey (n=1,961).
GMC, General Medical Council.
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Negative and positive impacts on their personal life were In summary, more than 20% of anaesthetists have complained of

reported by 1,348 (16%) and 528 (6%) anaesthetists, respectively
(Figure 17.4). Among negative impacts were, a direct impact on
the relationship with a family member (49%), anxiety and stress
(27%) and needing psychological support (20%) (Figure 17.7).
Comments on positive impacts, by 302 respondents, are shown
in Figure 17.8.

symptoms of anxiety and stress as a result of their previous career
experience of perioperative cardiac arrest, affecting either their
personal or professional life.
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Figure 17.8 Positive personal impacts of career experience of
perioperative cardiac arrest among anaesthetists in NAP7 Baseline
Survey (n=302)
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Cases registry

Psychological impact on the anaesthetist and their future
patient care delivery

In 30 (3.4%) of 881 cases of perioperative cardiac arrest reported
to NAP7, it was reported that the event had an impact on the
ability of the lead anaesthetist to deliver future patient care and
in 45 (5.1%) cases the reporter stated that they ‘prefer not to say’
with regards to this question.

Consistent with the results of the Baseline Survey, an impact on
the anaesthetist was more likely if the cardiac arrest included
resuscitation of a child, an obstetric patient or if the patient

did not survive initial resuscitation. Frequency of psychological
impact was increased in patients scoring ASA 1-2 and less
evident in those at ASA 4-5 but appeared not to be affected by
the seniority of the anaesthetist, case priority or grade of surgery
(Table 17.1).

Qualitative analysis of free-text comments in the case
registry

Of the 30 anaesthetists who reported psychological impact in
the NAP7 case reviews, comments included (Box 17.2):

B subsequent work stress and anxiety (9)

B impact on their ability to deliver effective patient care (11)
H too many distractions in the theatre (2)
|

residual trauma, increased vigilance, reluctance to undertake
similar work, heightened awareness of risk and a change in
work pattern, difficulty sleeping, flashbacks, self-blame (1
each).

The top 50 common ‘keywords’ cited by the anaesthetists
reporting impact on patient care delivery is shown in Figure 17.9.

In answer to a question about any other factors that anaesthetists
wanted to share in relation to the reported case, there were 436
(49%) free-text responses. Of these 436 responses, 58 (13%)
mentioned how team dynamics acted to reduce or exacerbate
the impact of the cardiac event on the anaesthetist (28 positive
impact, 13 negative, 12 neutral, and 5 ambiguous). Eighty-

two responses (19%) mentioned how hospital processes and
patient complexity may have affected the patient outcomes (eg
challenging cases for anaesthetists due to the patient’s age and
multiple comorbidities impacting confidence and stress levels).
Fifty-one (12%) responses described positive impacts on the
wellbeing and efficiency, being able to manage high-risk cases

Table 17.1 Patient and anaesthetist characteristics and frequency of psychological impact on anaesthetists involved in perioperative cardiac arrest. SAS,

specialist, associate specialist and specialty.

Characteristic

Cases with psychological

Proportion of cases

Denominator of all cases . .
leading to psychological

impact (n) in the case registry (n) impact (%)

Patient

Al patients 30 881 3.4
Child (0-18 years) 10 17 8.5
Obstetric patient 2 28 71
ASA1lor2 15 235 6.4
ASA 3 14 324 4.3
ASA4or5 1 322 0.3
Death on table 10 209 4.8
Death, overall hospital outcome 12 348 34
Most senior level of anaesthetic experience

Consultant, SAS anaesthetist at induction 27 771 35
Non-consultant, non-SAS anaesthetist at induction 1 70 1.4
Consultant, SAS anaesthetist at time of arrest 29 664 4.4
Non-consultant, non- SAS anaesthetist at time of arrest 1 106 09
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Box 17.2 Case registry: examples of anaesthetists reporting impact on wellbeing and future patient care delivery

‘Stress from event still lingers.’

‘The anaesthetist involved reports feeling hypervigilant and
anxious while doing solo anaesthetics.

‘Informal support from colleagues which often happens

after adverse events in the department did not occur as the
anaesthetist had to self-isolate due covid contact.

‘Changed my life.

‘Depression and anxiety. Time off due to stress.’

‘Required a single on call commitment to be covered as felt
needed a short break from high stress emergency activities.
Now back on full clinical duties without a problem.’

‘Occupational health support needed and the anaesthetist
took several months off work and remains off the on-call rota
approximately 6 months later.

‘Okay now, but it happened two months ago and | am only just
feeling able to report.”

Figure 17.9 Word cloud of the most common 50 keywords in free text responses from anaesthetists (1=30) on the impact on patient care delivery
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with the help of senior staff, boosting confidence, reducing
stress, and positively impacting their efficiency in future similar
cases. Thirty (7%) responses described a negative impact on
mental health, where anaesthetists shared a sense of failure or
guilt due to the patient’s death. Fifty-five (13%) responses referred
to complex cases, where rapidly changing situations were seen to
increase stress levels and impact the anaesthetist’s mental health.
Some scenarios seemed to test team cohesion due fo urgency
of decisions, potential conflicts in decision-making or power
dynamics. Fifty-two (12%) responses suggested potential stressors
such as delay in transfer, lack of clear briefing and uncertainty
about the cause of the cardiac arrest. Thirty-five (8%) responses
indicated good teamwork and efficient handling of the situation.
Seventy-four (17%) responses described positive impact on both
wellbeing and efficiency, where a successful handling of the
cardiac arrest was shared.

Overall, a qualitative analysis of the free-text responses to this
broad open-ended question sharing additional information

on cases of perioperative cardiac arrest suggested that the
potential impact on a patient can vary depending on each case
and the individual anaesthetist’s perspective and experiences.
Factors, such as teamwork and equipment availability may impact
anaesthetists’ mental wellbeing, efficiency and team cohesion.
While most of the statements in this subanalysis fit within the
remit of assessing the impact of events on anaesthetists, some
responses contained overlapping criteria, which meant that
summarising the analysis as clearly fitting within positive or
negative impact was not clear cut. Without follow-up questions,
it is hard to give a full indication of each individual anaesthetist’s
perspective and experiences.
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The provision of wellbeing support

Among 881 cases, 547 (62%) lead anaesthetists received
informal support from colleagues, 163 (19%) stated that such
support was not needed, 18 (2%) stated they preferred not to
answer this question and 137 (16%) did not receive informal
support (Figure 17.10). Formal support was notably less frequently
provided (Figure 17.10). Support from an experienced dedicated
anaesthetist was provided in 106 (12%) of cases, hospital
wellbeing in 26 (3%) and occupational health support in 5 (0.6%)
of cases.

In cases with report of psychological impact on the anaesthetist,
the anaesthetists involved were more likely to have received both
informal and formal wellbeing support compared with other
cases: 29 lead anaesthetists received informal support from
colleagues and 1 did not. Fewer than one third received formal
psychological support (Figure 17.10).

Of 291 cases fully reviewed by the panel, in 167 (57%) the
provision of wellbeing support to individual anaesthetists was
judged to be appropriate, in 27 (9% cases inappropriate and in
97 (33%) cases it was unclear or judged not applicable.

Debrief

Debrief occurred in 403 (46%) cases, was planned for the future
in 66 (7%) and no debrief occurred in 308 (35%) cases. Of these
403 cases, the process was performed immediately after the
event (hot debrief) in 246 (61%), after a delayed period (cold
debrief) in 80 (20%) and both before and delayed in 68 (17%)
cases. The types of debriefs conducted are shown in Figure 17.11.
Use of the peer support programme TRiM was reported in 2
(0.2%) of 881 cardiac arrests.

Among the 30 cases with psychological impact on the
anaesthetist a debrief was conducted in 22, was planned for the
future in 2 and no debrief was planned in 5. Of the 22 cases
where a debrief took place, this was a hot debrief in 12 cases, a
cold debrief in 3 and both in 7. The types of debriefs conducted
are shown in Figure 17.11. Compared with all cardiac arrests, the
types of debrief conducted in this cohort of cases were more
commonly formal or semi-formal (formal, group, one-to-one,
‘other’; Figure 17.11). Of the cases fully reviewed by the panel,

in 59 (45%) of 132 cases in which a debrief did not occur it was
judged by the panel that one should have taken place.

Figure 17.10 Provision of informal and formal support to the lead anaesthetist in all cases reported to NAP7 (n=881) and in those that led to
pscyhological impact on the anaesthetist (1=30). Yes M, No M, Prefer not to stay M, Not needed M, Unknown H.
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Figure 17.11 Proportion of types of debrief among 403 debriefs conducted in all perioperative cardiac arrest cases and among 22 debriefs in cases
which led to an impact on the anaesthetist. All cases M, Cases with impact on anaesthetist M.
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Theatre list and on-call shift management after
cardiac arrest

The theatre list or on-call shift was terminated early in 70 (8%)
of all the 881 cases of cardiac arrests, and in 126 (14%) cases
the team stood down from clinical activity (eg taking a short or
sustained break). Among 30 cases of cardiac arrests leading to
psychological impact on the anaesthetist, the theatre list or the
on-call was terminated early in 7 and in 13 the team stood down
immediately from clinical activity. We do not know in how many
cases there was no need to stand down or terminate the list (eg
because it was the last case on the list).

Discussion

An intraoperative cardiac arrest, particularly if the patient dies,
can be harrowing for an anaesthetist and other staff involved.
Consistent with previous surveys, the NAP7 Baseline Survey and
case review found that the subsequent impact on an anaesthetist
may be profound and long-lasting, demonstrating the ‘second
victim effect’ (Figure 17.12). It is in the nature of this project that
we have focused on the anaesthetist, but we acknowledge that
we are likely to have missed impacts on other members of the
care team.

Limited research exists on the psychological impact on the

anaesthetist and the whole team following critical events such as
perioperative cardiac arrests. Gazoni (2012) showed that 84% of
American anaesthetists surveyed were involved in a perioperative

unanticipated perioperative death or serious patient injury during
their career. The study showed that more than 70% experienced
feeling of anxiety, guilt and reliving of the event with a potential
impact on future clinical performance. A systematic review
revealed that involvement of surgeons in the perioperative death
of a patient led to burnout and stress-associated disorders,
particularly identifying that unexpected death was more likely

to lead to an increased emotional burden on the surgeon (Joliat
2019).

Approximately 85% of all anaesthetists who responded to

the NAP7 Baseline Survey reported previous involvement in a
perioperative cardiac arrest and more than one third of these
stated a direct impact on their professional or personal life,

both positively and negatively. The impact on professional and
personal life can affect clinical performance and thus carrying
potential significant implications on the individual anaesthetist

to deliver future patient care. More than 20% of anaesthetists

in the Baseline Survey reported feelings of anxiety and stress
following a previous perioperative cardiac arrest experience. It

is well documented that sustained periods and untreated stress
can lead to burnout in healthcare professionals. A meta-analysis
has demonstrated that burnout in staff can lead to poorer clinical
performance affecting quality of care and patient safety (Salyers
2017, Tawfik 2019). However, it is notable that in the Baseline
Survey more anaesthetists reported career experience of cardiac
arrests had a positive impact on their professional life (30%) than
a negative impact (23%), so the impact is nuanced.

Figure 17.12 The relationships between different victims after a catastrophic event

Patient and
their families

Direct involvement -
anaesthetist, sugeon, nurse etc...

Fourth

victim

Indirect involvement - family and friends
of second victim; healthcare organisations

Patients cared for by
the second victim

192



Aftermath and learning

Catastrophic events in anaesthesia can lead to many succeeding
victims (Figure 17.12). The first victim is the patient directly
involved in the incident and their relatives (Ozeke 2019). The
second victim may be any member of the multidisciplinary

team experiencing psychological harm or tfrauma as a result

of the incident. Third victims are healthcare organisations that
are indirectly involved by means of managing the aftermath,
including investigating the incident (Holden 2019). Finally,
patients affected by reduced clinical performance of involved
clinicians are fourth victims (Ozeke 2019).

The NAP7 case registry showed that 1in 30 (3.4%) cases
impacted on future patient care delivery due to psychological
impact on the anaesthetist involved. In a further 5.1% of cases,
the respondent declined to answer this question, which suggests
that the 3.4% may be a considerable underestimate. The
emotional burden has been shown to affect the anaesthetist’s
ability to work both in the short and long term (Gazoni 2012).

All these 30 NAP7 cases resulted in the involved anaesthetist
reporting a negative impact on their wellbeing, with respondents
citing psychological symptoms including increased feelings of
failure, guilt, hypervigilance, stress, anxiety and PTSD.

The individual anaesthetists’ Baseline Survey was more
nuanced. Recent cardiac arrest had a generally negative impact
on wellbeing and future patient care delivery; among the
approximately 90% of respondents who provided comments on
this question, around 1in 20 reported an impact on future patient
care delivery with three quarters of these citing a negative
experience (eg anxiety and stress, PTSD, time off work) and one
quarter a positive impact such as improved clinical confidence.
Conversely, career impact of attendance at cardiac arrests was
viewed more benignly, with slightly more respondents stating

a positive impact on their professional life than a negative one,
although this positive interpretation of impact did not extend
into personal life impacts, which were more than twice as often
negative in nature.

It is recognised that attending cardiac arrests as a healthcare
provider can lead to development of PTSD, with approximately
10% of those attending intrahospital cardiac arrests screening
positive for this condition and those who are more junior being
at greatest risk (Spencer 2019). In terms of perioperative cardiac
arrest, the impact on anaesthetists was found to be greater

if the perioperative cardiac arrest was unexpected and in a
healthy patient (Chapter 16 Deaths in low risk patients). Events
that occurred in ASA 1-2, children and obstetric patients were
associated with higher risk of impact on individuals. Notably, the
frequency of psychological impact was not altered by seniority of

lead anaesthetist, highlighting that level of experience does not
mitigate psychological impact from catastrophic events.

Wellbeing support

Evidence suggests that if healthcare professionals are not
adequately supported in the aftermath of catastrophic events,

it can harm their wellbeing and prolong their recovery (Gazoni
2012). Thus, in turn, the potential impact on patient care may be
even more significant if this is not addressed effectively.

The NAP7 data demonstrate that, overall, the provision of formal
wellbeing support following a perioperative cardiac arrest in

the UK is low. Positive informal support from colleagues was
seen in more than 60% of cases, but formal support even

from dedicated experienced senior anaesthetists was only
reported in 12% of cases. Even in cases where lead anaesthetists
reported psychological impact, informal support (97%) was
overwhelmingly more common than even experienced trained
senior anaesthetist support (23%). Formal support through
psychological services or TRiM services were vanishingly rare.
The data from the Baseline Survey also support this analysis.

The Royal College of Anaesthetists (2023a) and the Association
of Anaesthetists (2005) recommend that UK anaesthetic
departments should have a wellbeing lead and a wellbeing
policy. However, our Baseline Survey showed that just over half
of all UK anaesthetic departments had a departmental wellbeing
lead and fewer than half a wellbeing policy. Association guidance
also states that an anaesthetic department is required to support
any anaesthetist who may be distressed or traumatised after a
catastrophic event and organisations should provide access to a
trained counsellor within three days of an event (Association of
Anaesthetists 2005); based on our Baseline Survey, it is likely that
many departments will lack capacity to do this.

Debriefing and peer support programmes

Debriefing after a serious incident allows those involved to
discuss and reflect on the event. This is intended to help the
individual by allowing learning through discussion as well as
potentially improving clinical performance and patient care

by reflecting on what had gone well and gone badly. The
Resuscitation Council UK recommends (Soar 2021) that a debrief
should occur after all cardiac arrests and thus it should not be
viewed as an optional extra but as an important opportunity

for employers to promote an open culture, discuss team
performance, learning and to look after the mental wellbeing

of their staff. In cardiac arrests captured in NAP7, a debrief had
already occurred or was planned in 53% and this increased to
80% in cases where the anaesthetist identified an impact on their
wellbeing. Access to psychosocial support after a traumatic event
is crucial. Data demonstrate that trauma-exposed employees
who receive adequate support have fewer psychological
sequelae and are likelier to perform better at work (Brooks 2019).
Several psychological interventions exist, some of which are
being questioned regarding efficacy (Brooks 2019).

When debriefs took place most were immediately after the event
(hot debriefs, 61%) rather than sometime later (cold debriefs,
20%), while in 17% both took place. This may not represent
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best practice, as there is concern that hot debriefing can lead

to more psychological trauma. A randomised controlled trial

of burn victims reported that those in the rapid psychological
debriefing group had a higher incidence of PTSD (26%) at
follow-up than those in the control group (9%; Bisson 1997).
What is preferable to a hot debrief is an immediate team ‘check
in or diffusion meeting’ conducted straight after a catastrophic
event, which provides a structured opportunity for the whole
team to normalise the event on an emotional level, provide an
open support structure and generate a list of staff involved in the
event to help in the follow-up period through a form of a peer
support programme (Kelly 2023). Such, meetings can be used
to reassure staff that a trauma stress reaction is normal after a
critical incident and that this reaction usually resolves with time.
The Resuscitation Council UK recommends an ‘operational
debrief’ following a cardiac arrest that includes checking up on
colleagues and active monitoring of team members, and referral
for formal support only for those who require it (RCUK 2023).

Several peer support programmes exist. A form of support

for those who experience trauma has been developed in

the British armed forces. TRiM is a peer support system that
aims to recognise those who are at increased risk of suffering
psychological stress and offer appropriate timely support. There
is evidence that TRiM interventions are beneficial by creating
support within an organisation whereas CISD conducted by
trained personnel efficacy is now debated (Brooks 2019, Rose
2002). Given the numbers of those involved in cardiac arrests
who report PTSD, providing a peer support service such a TRIM
may assist in reducing the long-term harm that can occur and
may help promote an open culture within these organisations
that normalises this necessary assistance. Peer support tools also
enable identification of staff who may benefit from professional
psychological help and can direct them to such services.

Peer support programmes could help to maintain the mental
wellbeing of staff across the healthcare sector.

Theatre list and on-call shift management

In cases reported to NAP7, clinical activity was either terminated
early or the team stood down in slightly less than one quarter

of cases, but in two thirds of cases in which the anaesthetist
reported psychological impact; this latter fact perhaps hinting at
a wider impact on the healthcare team in these cases. Gazoni
(2012), within their survey of anaesthetists, showed that following
their ‘most memorable’ catastrophe during their career, their
ability to deliver anaesthesia was compromised in approximately
70% in the first 4 hours after the event and 50% in the first 24
hours. Only 7% were given time off after their most memorable
event, despite most (70%) stating they would have benefited
from time off clinical work (Gazoni 2012). In the UK, the Royal
College of Anaesthetists (2023b) recommends that after a

team is involved in a critical incident, clinical commitments of
those involved in an emergency setting should be reviewed.
Kelly (2023) drive the recommendations further, stating that

when a patient comes to harm following a critical incident (eg
unexpected intraoperative death) it should be assumed that the
team may not be fit to continue working.

Recommendations

Institutional

B Each organisation providing anaesthesia and surgery should
have a policy for the management of an unexpected
death associated with anaesthesia and surgery. Such a
policy should include the allocation of a senior individual
to oversee care. The policy should include care of the
deceased patient, communication with family and provision
for staff involved to be relieved from duty and subsequently
provided with appropriate support mechanisms.

B Due to the severity of its nature, all cardiac arrests should
be reviewed to understand the cause, discover potential
learning and support staff. Learning should be shared across
the whole perioperative team.

B An ‘operational debrief' should be offered immediately
after a perioperative cardiac arrest highlighting on the
team’s performance and any learning. A form of structured
immediate team ‘check in’ tool should be incorporated
to identify members of staff who may be at risk of
psychological impact and provide a source of referral to a
peer support programme.

H  Organisations should support and facilitate use of peer
support tools, such as TRiIM to support teams after
perioperative cardiac arrest.

B A debrief after delayed period (‘cold debrief’) should be
offered but not mandated, and could be triggered by the
anaesthetic department or external to it.

m  Organisations should have a departmental wellbeing lead to
support anaesthetists.

B Organisations should support operating theatre teams to
stop working after an unexpected death in theatre or critical
event where a patient comes to harm if at all possible or
practical. To maintain the safety of other patients, staff
should be assumed to be not fit to work for the rest of their

shift.

m  Organisations should make sure that staff members are
safe and stop clinical duties as soon as safe to do so. It is
the leader’s role in coordinating how the list is managed
following a critical incident or death, and not the individual
staff members affected.
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Individual

B After a perioperative cardiac arrest, the operating list should
be halted temporarily so that all theatre team members can
decide whether to continue operating; departments should
draft in additional personnel if required.

B When non-consultant grades are involved in a perioperative
cardiac arrest, the responsible consultant should attend in
person and provide immediate support. For consultants, the
decision about whether to continue with the list or on-call
should be made after assessing the situation with a senior
colleague (eg the clinical director).

Research

B Further research is required to understand the nature
and extent of the psychological impact on anaesthetists
(and other healthcare staff) from critical incidents such as
perioperative cardiac arrest, the effect of such impacts on
healthcare delivery and to identify strategies to mitigate
these impacts.
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A commentary on good care in NAP7

Tim Cook Andrew Kane

In January 2023, the NAP7 team met in person for the first time
since February 2020. We had reviewed all the cases and data
and began to turn to the daunting task of writing this report. For
the past 18 months we had discussed, dissected and debated
everything from adrenaline doses to anaphylaxis, calcium to
compression thresholds, do not attempt resuscitation (DNACPR)
recommendations to diagnosis of cardiac arrest. It was easy to
think that there were so many unanswered questions and lots that
could just be better. However, one of the great privileges of this
project and its previous iterations is the strength that comes from
the team’s diversity. The Royal College of Surgeons of England
representative, Mr Simon Kendall, put it all in perspective,
highlighting that, of the three million plus cases performed each
year that anaesthetists are involved in, the fact that we are only
reviewing a tiny fraction shows how safe and good anaesthesia
is for the vast majority of patients. Further, within the cases we
reviewed, there were countless examples of good and excellent
care.

Of the 881 patients reported to have a perioperative cardiac
arrest, 665 (75%) were resuscitated successfully. The anaesthetic
team were effectively aided by other members of the theatre
team in 83% of cases. Of these 665 patients, 660 (99.2%) were
admitted to critical care for further monitoring and care.

At the point of reporting to NAP7, 60% of cases reported were
either discharged from hospital (44%) or still alive in hospital
(17%). For context, survival to hospital discharge after in-hospital
cardiac arrest in the UK in 2021-22 was 22.7% (ICNARC 2022)
and 30-day survival after out-of-hospital cardiac arrest in the
UK in 2021 was 8.5% (Warwick Clinical Trials Unit 2022). A
systematic review of published studies estimated survival to
discharge following a cardiac arrest in intensive care was 17%
(95% confidence interval, Cl, 9.5-28.5%; Armstrong 2019).

Each of 881 cases of perioperative cardiac arrest received

four assessments of quality of care (before the cardiac arrest,
during it, after it and overall): 2274 (77%) of 2947 accessible
judgements were rated good and 135 (4.5%) as poor, meaning
that good care was 17 times more common than poor care. In
cases where the key cause of an event was judged to be solely
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Fiona Oglesby Jasmeet Soar

the patient, anaesthesia or surgery, this was judged to be due
solely to patient factors (n = 219) more than four times more
often than due to anaesthesia (n = 53) or surgery (n = 47),
although none of these assessments indicates blame, especially
as this project does not have the complete clinical information to
make such judgements. Only one case was judged solely due to
organisation/institutional issues.

The Care Quality Commission rates a good hospital as safe,
effective, caring, responsive to people’s needs and well led.
NAP? identified these in a large number of case reports

where anaesthesia, leadership, supervision and team factors
were commonly cited as mitigating factors in an analysis of
contributory factors, with ‘teamwork’ and ‘anaesthesia’ the most
frequently cited mitigating factors. Many of the other most
commonly identified mitigating factors point to organisations
fostering environments in which good care can be delivered.

Complications, peer review and
Safety-II

In a 2013 review of NAP3 and NAP4, Moppett commented

on the fact that the NAPs focus exclusively on cases in which
‘complications” have occurred (Moppett 2013): “The assumption
that “poor practice” is associated with outcome is weakened

by a lack of evidence of how often good outcome occurs with
“poor practice”’ He recommended that ‘Within the constraints
of practicality, future NAPs might consider the use of good
outcome controls, or review of sampled ‘rescued’ bad outcomes
to provide some reference points.

When the quality of care is reviewed, it is well recognised

that the outcome of a case has the potential to influence the
opinion regarding the quality of care delivered, with judgements
of substandard care being more common when outcome is
poor compared with when it is good. Caplan reported that
when case details were sent to 21 pairs of matched reviewers,
identical except for the outcome of the case, the expert opinion
on appropriateness of care varied with outcome in 15 (71%)
reviews: a rating of appropriate care decreased by 31% when
the outcome was changed from temporary to permanent

196



Good care

harm and increased by 28% when the outcome was changed
from permanent to temporary harm (Caplan 1991). Variation in
medical opinion has also long been recognised, with opinions
differing between groups of clinicians reviewing the same case
(Posner 1996, Cook 2011a). Case review is, together with a host
of other biases that reviewers bring to the process, particularly
prone to outcome and hindsight bias. Finally, case review may
be compromised by the tendency of groups to wish to agree
internally, perhaps with a dominant or ‘alpha’ reviewer (Crosby
2007).

In recent years, the concept of ‘Safety-II" has been promoted
(Hollnagel 2015). In a white paper on the topic, the authors
comment: Although the rate of harm seems stable, increasing
demand for health services, and the increasing intensity and
complexity of those services (people are living longer, with more
complex co-morbidities, and expecting higher levels of more
advanced care) imply that the number of patients harmed while
receiving care will only increase, unless we find new and better
ways to improve safety. (Hollnagel 2015)

Safety-| is described by the authors as ‘a state where as few
things as possible go wrong ... the safety management principle
is to respond when something happens ... usually by trying to
eliminate causes or improve barriers, or both. They describe

this as a simplistic, rather outmoded and ‘bimodal’ approach of
things ‘working correctly or incorrectly” and suggest that things
normally do go well ‘because people can and do adjust what
they do to match the conditions of work’, particularly as systems
become more complex. They introduce the concept of ‘Safety II'
which in turn, rather than ensuring that ‘as few things as possible
go wrong’ (Safety-1) aims that ‘as many things as possible go right’
(Safety-ll). They emphasise the importance of the adaptability of
human performance in ensuring that success is the norm, in spite
of complex, changing and highly variable work situations. Many
who worked on the frontline through the COVID-19 pandemic
will have a keen insight into what Safety-Il means.

NAPs in the context of ‘things

going well’

Where then do the NAPs, and specifically NAP7, sit in this setting
and in response to Moppett’s report? First, the NAPs focus

on rare events with the potential to harm patients, which are
incompletely studied and not readily amenable to study by better
methods than the NAP methodology. They include only cases
with major complications, hence arguably all cases with ‘poor
outcomes’: at first appearance a clear ‘Safety-1" project.

The NAPs have several strengths in this regard. They are
undertaken, in large part, by a nation’s clinicians working on
behalf of patients. In addition to examining complications, they
examine normal practices by normal clinicians (Baseline Survey)
and normal activities on a national level (Activity Survey) to
provide context. The case reviews are undertaken by a wide
group of practising clinicians and patient representatives. The
review processes are designed to raise awareness of potential

biases and to minimise their impact with small group review by
multispecialty and patient representatives followed by secondary
large group moderation of each case (see Chapter 6 Methods).
The NAPs do not produce guidelines and our recommendations
are consensus based and thus at the lowest rung of the evidence
ladder, but this also enables them to be wide ranging and to

focus on opportunities to both promote good care and prevent
poor care in equal measure. In NAP7 specifically, there is
perhaps a unique opportunity, as Moppett (2013) called for, to
examine when a bad outcome (cardiac arrest) is ‘rescued’ (by
successful resuscitation).

How might NAP7 tell us about good
care?

Cardiac arrest is a terminal, life-ending event, and reversing that
process is termed ‘reanimation’ in many counties, emphasising
the challenge. To be successful, it requires rapid recognition of
the crisis, rapid diagnosis of the cause and rapid, coordinated,
team-based care to have a chance of reversing the cause and
restoring life. These processes provide the opportunity for
successful resuscitation but do not guarantee it, as the nature of
the precipitating event(s) and the patient’s underlying health may
prevent this. As such, despite delivery of best possible care at the
time of cardiac arrest, survival may ultimately not be achieved
(see the two vignettes illustrating excellent care in both cases but
with contrasting outcomes).

A patient underwent major pelvic surgery for malignant
disease. Rapid and unexpected blood loss occurred

and despite prompt transfusion of blood products and
vasopressor support a hypovolaemic pulseless electrical
activity (PEA) arrest ensued. Cardiac arrest management
(including appropriate cardioversion and reversal of
hyperkalaemia), central venous access, transfusion of blood
products and surgical control of the bleeding took place
concurrently. Return of spontaneous circulation (ROSC) was
achieved in less than 10 minutes and the patient survived.
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A patient with significant comorbidity sustained a
fractured neck of femur. Surgical repair was judged to be
challenging but necessary. A group of senior surgeons and
anaesthetists held a multidisciplinary team meeting and
counselled the patient as to the risks presented by surgery.
General anaesthesia was successfully delivered and care
included invasive arterial monitoring and a femoral nerve
block. Preparations were made for significant blood loss.
As predicted, difficult surgery led to major haemorrhage
and a hypotensive PEA cardiac arrest despite concurrent
transfusions and vasopressor support. A second senior
anaesthetist and second surgeon were in attendance.
ROSC was achieved following surgical control of the
bleeding and a mid-point discussion regarding the
appropriateness of continuing resuscitation. The patient was
stabilised and transferred to ICU intubated and ventilated
with ongoing central inotropic support. Despite this, the
patient deteriorated over the next 24 hours and died.

The return of spontaneous circulation is only the first part of the
process and is commonly followed by admission to ICU and
organ support. As Hollnagel. (2015) commented, healthcare
increasingly involves the care of people who are living longer,
with more complex comorbidities, and they expect higher levels
of advanced treatment. This was indeed borne out in our Activity
Survey, which showed that in only a decade, there have been
measurable and clinically significant changes in the complexity
(increased age, comorbidity, incidence and severity of obesity)
of patients presenting for surgery in the UK (see Chapter 11

Activity Survey).

The departmental Baseline Survey shows excellent access to
emergency services, emergency equipment and resuscitation
guidelines in adult theatres and critical care units, though there is
definite room for improvement in paediatric theatres and remote
locations. The individual Baseline Survey shows high rates of
confidence in managing perioperative cardiac arrest but suggests
interruption of training, perhaps in keeping with the pandemic
stresses at the time.

NAP7 received 881 reports of perioperative cardiac arrest,
among more than three million anaesthetic episodes (2.71 million
in the NHS and an unmeasured number in the independent
sector) in 2021-22, an incidence of around 1in 3100. Put another
way, this means 3099 (99.97%) of every 3100 patients did not
have a cardiac arrest.

The patients in the Activity Survey represent today’s ‘normal
patients’ and are also representative of those who did not have

a cardiac arrest. Our data indicate how complex perioperative
care has become compared with the rather younger, slimmer and

healthier surgical patients of previous generations. Of surgical
patients, 18% are aged over 75 years or younger than 5 years,
60% are overweight or obese, 27% have major comorbidities
and 4% life-threatening comorbidities, 21% are frail, 19% are
undergoing urgent or immediate surgery, 30% are undergoing
major/complex surgery, around 15% of cases take place out of
hours and 15% in isolated locations.

These older and higher-risk patients are prone to complications
during surgery. In the Activity Survey of 24,172 cases, there were
1922 complications affecting 1337 patients (1in 18), a rate which
the RCoA would term ‘common’ (Royal College of Anaesthetists
2019). Complications were very much associated with patient
complexity factors: increasing age (4% prevalence among
teenagers vs 60% in those aged > 55 years|; comorbidity (ASA 1
3.8% vs ASA 5 53%) and frailty (2.5% Clinical Frailty Scale, CFS, 1
vs 14% CFS 8).

In the registry phase of the project, 680 cardiac arrests during
anaesthesia and surgery were reported: an incidence of
approximately 1in 4000 [rare; Royal College of Anaesthetists
2019). The ratio of cardiac arrests to complications is 1 to
220, suggesting that fewer than 1% of complications during
anaesthesia and surgery progress to cardiac arrest, the

rest either resolving or being successfully managed by the
perioperative team. For a substantial proportion, this implies
prompt recognition, diagnosis and management of these events
by anaesthetists to prevent such progression. The frequency
of complications therefore perhaps illustrates the intrinsically
risky nature of anaesthesia and surgery, while the low rate of
progression to cardiac arrest indicates the success of modern
perioperative care.

Another aspect of ‘things almost always going well’ is the low
rates of reports of complications in many areas. An example is
cardiac arrests associated with supraglottic airway (SGA) use
(see Chapter 21 Airway and respiratory). In NAP4, aspiration was

the leading primary airway cause of death and brain damage
(Cook 2011b). Prominent in these cases were patients managed
with an SGA, either in inappropriate patients or associated with
poor clinical care, and all but one of which were first-generation
SGAs. However, in NAP7 there is only one case of aspiration
associated with the use of an SGA. In the intervening 13 years
since the NAP4 data collection period, the surgical population
has become older, more comorbid and obesity has increased
(see Chapter 11 Airway and respiratory), all factors which would
be expected to increase airway complications and to increase
problems with SGA use. The NAP7 Activity Survey, shows a
lower rate of SGA use than in NAP4 (NAP7 45% vs NAP4 56%),
with this rate decreasing in patients with a body mass index

above 35 kg m-2 and a dramatic move from first-generation
SGAs to second-generation devices (NAP7 65% vs NAP4 10%).
Together, these data suggest that anaesthetists have adapted to
changing patient populations (and perhaps the results of NAP4),
resulting in safer care. It also highlights the importance of the

198



Good care

development of safer anaesthetic equipment by manufacturers,
the research that underpins our knowledge of such equipment
and the implementation of change based on safety.

When perioperative cardiac arrest did occur, it affected a
population of patients who, compared with the overall surgical
population [i.e. the NAP7 Activity Survey) were more likely to

be very young or very old (33% vs 14%), more comorbid (ASA
4-5,37% vs 4%), more frail (at least moderately frail, 28% vs 7%),
more likely to be having urgent or immediate priority surgery
(52% vs 19%), that was major and complex (60% vs 28%) and for
this to be taking place at night (20% vs 11%).

At the time of cardiac arrest, a consultant, post-CCT or SAS
doctor was present in 85% of cases, despite 42% taking place
out of hours. Time to onset of full resuscitation was less than
three minutes in 88% of cases and only 1% of cases reported a
delay in starting resuscitation. The median number of anaesthetic
staff present during resuscitation was 2 (IQR 1-3) with a
maximum of 10; 15% of resuscitation efforts lasted more than 20
minutes and 30% took place outside theatres.

The positive impact of the presence of specialist expertise is

also shown in the outcomes of cardiac arrests following cardiac
surgery. Of 25 arrests in cardiac intensive care, 21 (84%) patients
survived and the 4 who died all experienced unsurvivable events,

such as a ruptured heart. This is presumably a combination of
full monitoring, early detection, regular training, familiarity with
cardiac interventions allied to the relative ease of access to the
heart itself if necessary to correct any surgical problems.

Finally, as discussed in Chapter 20 Decisions about CPR and
Chapter 28 Older frailer patients, as societal expectations
evolve, medicine in general, including anaesthesia and surgery,
is increasingly required to offer more for longer, including to the

very frail and elderly and those coming to the end of their lives.
Cardiac arrest and death in some cases may be unavoidable
and in other cases may even be an acceptable event in a dying
patient. Of the cases of cardiac arrest that underwent full panel
review, 84% were not judged to be preventable and, of all
patients who died, more than half of the deaths were felt to be
wholly or partially the result of an inexorably fatal process.

All'in all, the findings of NAP7 confirm the safety of anaesthesia
care delivered in the UK for patients across the spectrum of
clinical risk. They also reveal many instances in which anaesthetic-
surgical teams deliver good care in the management of
potentially life-ending events. Our data suggest that this often
results from the successful interplay of anaesthetic-surgical teams
and organisational cultures which foster optimal environments for
the delivery of good care every day.
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Risk assessment and its implications
for perioperative cardiac arrest

Richard Armstrong lain Moppett

Key findings
B Underscoring of ASA Physical Status was a recurrent issue
in both the Activity Survey and case reviews.

B Atotal of 510 of 717 (71%) adult perioperative cardiac arrest
cases lacked a specific or individualised risk score.

B Several surgery-specific scores were underused in the
cardiac arrest cohort, particularly for patients with hip
fractures.

B Onmission of risk scoring was particularly prevalent in
patients with a high clinical frailty scale score.

B The primary cause of cardiac arrest on panel review was
‘patient factors’ in approximately half of cases, reconfirming
the need to identify ‘high-risk’ patients and act accordingly.

B Gaps were highlighted in the preoperative assessment of
some patients, particularly around the choice of face-to-
face or remote assessment and nurse or anaesthetist led.

B In the Activity Survey, 82% of patients had a predicted
postoperative mortality of less than 1%, with 2.8% classified
as high risk (5-10% predicted mortality) and 1.7% as very
high risk (> 10%). In contrast, 32% of cases who were
reported to the Seventh National Audit Project (NAP7)
after cardiac arrest had a predicted mortality of less than
1%, with 14.5% high risk and 27.1% very high risk.

B Increasing early mortality risk identified using objective
tools is associated with a greatly increased risk of
perioperative cardiac arrest. Compared with lowest risk
(< 1% predicted risk of early mortality), patients whose risk
is judged to be low (1-5%), high (5-10%) and very high
(> 10%) have an estimated relative risk of perioperative
cardiac arrest of 5.2, 13.3 and 40.9 respectively.

B The absolute risk of perioperative cardiac arrest for patients
with Surgical Outcome Risk Tool (SORT)-predicted risk of
30-day mortality of less than 1% is approximately 0.014%
(95% confidence interval, Cl, 0.013-0.016, 1in ~7,000)
compared with 0.2% (95% Cl 0.16-0.23, 1in ~1,300) for
patients with 5-10% predicted risk and 0.6% (95% ClI 0.51-
0.67, 1in ~170) for those with greater than 10% predicted risk.
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What we already know

Individualised preoperative risk assessment serves many
potential purposes, including care planning (eg anaesthetic
technique, monitoring, postoperative care, to operate or

not), communication (with patients, families, other clinicians,
documentation) and benchmarking for the purposes of audit
and/or quality improvement. Risk assessment is a central pillar
of shared decision making, which is indicated for all surgery
but particularly when the risk of intervention increases (CPOC
2021a).

The assessment of risk and communication of this assessment

to patients is recommended in the Guidelines for the Provision
of Anaesthetic Services RCoA 2023 across a range of clinical
domains including general, emergency laparotomy and trauma
and orthopaedics. It also forms a key part of the care pathways
recommended by the Centre for Perioperative Care for people
living with frailty (CPOC 2021a), the Perioperative Quality
Improvement Project for patients undergoing major, non-cardiac
surgery (RCoA 2021), the Royal College of Surgeons of England
for the high-risk general surgical patient (RCSE 2018) and the
Centre for Perioperative Care guideline Preoperative Assessment
and Optimisation for Adult Surgery (CPOC 2021b). Specific
recommendations also exist regarding the appropriate location
for postoperative care of patients identified as being at increased
perioperative risk (RCSE 2018, RCoA 2021, FICM 2020). There
is good evidence that these scores provide reasonable estimates
of early mortality risk. However, they generally provide little
information about other outcomes of importance to patients,
such as those provided by the American College of Surgeons
National Surgical Quality Improvement Program (ACS-NSQIP)
Surgical Risk Calculator (https: //riskcalculator.facs.org).
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Risk scoring is now recommended in clinical guidelines for all
patients undergoing surgery (CPOC 2021b) and is mandated
both in the NHS recovery plan (NHSE 2022) and, in England,
in its NHS standard contract (NHSE 2023). Risk assessment tools
may be generic (eg ASA Physical Status, SORT, P-POSSUM,
ACS-NSQIP) or specific to clinical specialties or procedures
(eg National Emergency Laparotomy Audit, Nottingham Hip
Fracture Score, Euroscore, Thoracoscore). Some risk scores

(eg SORT-2, ACS-NSQIP) include an adjustment that factors in
clinician judgement and this may improve performance (Wong
2020). These measures describe outcomes for populations rather
than individuals and are perhaps better described as likelihood
tools. It has often been argued they should not be used for
individual risk allocation: risk tools often lack the granularity to
account for variation in individual risk (eg unmeasured patient
factors or factors specific to the individual healthcare setting),
which may alter their validity (discrimination) and may also lack
consistency in predicting the correct outcome (calibration;
Mathiszig-Lee 2022, Lee 2023) meaning that application to
individuals is hazardous. It is unclear how widely, and for what
purposes, these scores are used in routine clinical practice.

What we found

Issues relating to risk assessment or scoring were highlighted

by the review panel for 101 cases (11.5%). These cases tended to
have higher frailty scores than the Activity Survey denominator
population and were also older on average than both the Activity
Survey group (median 70.5 years, IQR 60.5-80.5 vs 52.8 years,
IQR 32.1-69.2) and the rest of the cardiac arrest cohort (median
60.5 years, IQR 40.5-80). In this group of patients, the most
common panel-agreed key cause of cardiac arrest was patient
factors, mirroring the cardiac arrest cohort as a whole. Care

before cardiac arrest was rated ‘good’ in 32 (32% compared with
48% of all cases), with elements of poor care identified in 40
(40%, 32% of all cases). The specific causes of cardiac arrest and
mix of clinical specialties were similar to the wider cardiac arrest
cohort. Ratings of other aspects of care from full panel review
were similar in this case group to the entire cohort, including
appropriate numbers and seniority of anaesthetists, location of
anaesthesia care, anaesthesia techniques and monitoring used.

In the Activity Survey, there was an inconsistent association
between consultant involvement and ASA (as a crude surrogate
for risk): ASA 1-2 70%, ASA 3 79%, ASA 4 82% and ASA 5
63%. For cardiac arrest cases, a more consistent association

of consultant presence at induction of anaesthesia and ASA
Physical Status was seen: ASA 1-2 74%, ASA 3 85%, ASA 4 87%
and ASA 5 88%.

Underscoring of ASA grade

The ASA Physical Status Classification System (ASA 2020)
includes specific examples. This enables an objective measure
of the accuracy of ASA classification for certain patient groups.
In the Activity Survey, we examined specific comorbidities,

as well as body mass index (BMI) and pregnancy, and found
high rates of under-scoring. The yellow highlighted boxes in
Table 19.1 show how patients were under-scored according to
the ASA specification (eg for cerebrovascular disease the ASA
class should be at least 3, so those scored 2 are under-scored).
Cardiovascular comorbidities were particularly commonly
under-scored; for example, 66% of those with severe aortic
stenosis and more than 50% of those with a previous myocardial
infarction (MI) or acute coronary syndrome (ACS) within three
months or New York Heart Association class lll/IV congestive
cardiac failure (all ASA 4+ by definition) were under-scored.

Table 19.1 ASA Physical Status classification for specific comorbidities in the Activity Survey. The yellow boxes indicate numbers of under-scored

patients. ACS, acute coronary syndrome; CVA, cerebrovascular accident; MI, myocardial infarction; NYHA, New York Heart Association Functional

Classification; TIA, transient ischaemic attack.

Comorbidity

Under

1 Total scored (%)
Cerebrovascular disease (TIA/CVA) 0 152 502 148 802 19.0
Ml or ACS within 3 months 0 6 39 37 82 54.9
Ml or ACS older than 3 months 0 19 451 119 689 17.3
Severe aortic stenosis 0 64 35 103 66.0
Congestive cardiac failure (NYHA 111/1V) 0 135 127 266 523
Permanent pacemaker 0 26 143 55 224 1.6
Implantable cardioverter defibrillator 0 4 29 24 57 7.0
Chronic kidney disease grade 5 (dialysis dependent) 0 5 108 49 162 _
Body mass index (kg m-2)
230to< 40 45] 3168 1444 209 5272 8.6
240 23 368 580 49 1020 38.3
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BMI was incorrectly interpreted, with more than one-third of
those with obesity class Ill (BMI > 40 kg m-2) under-scored
(minimum ASA 3 by definition). Uncomplicated pregnancy is ASA
2 by definition, so any patients classed ASA 1 are under-scored.
We found this to be the case for around 25% of cases (Table
19.2).

Table 19.2 ASA Physical Status classification for obstetric patients in the
Activity Survey

Procedure ASA1 Total scg:eile(r% )
Caesarean section 338 1681 20.1
Labour analgesia 275 1010 27.2
Other 129 485 26.6
All 742 3146 23.6

The same issue was present in the cardiac arrest case reports,
although to a lesser extent. For the same specific examples
given above, most were scored appropriately, with severe

aortic stenosis and presence of a permanent pacemaker

the most commonly under-scored (Table 19.3). Only 14% of
obstetric patients were classed ASA 1. However, these examples
are a limited sample of potential inconsistencies with ASA
classification. On panel review of NAP7 case reports, under
scoring of ASA was specifically highlighted in 36 (4%) cases,
commonly due fo the presence of acute illness (eg sepsis)
appearing not o be taken into consideration in determining ASA.

Lack of individualised risk assessment

In addition to recording the ASA Physical Status class, the NAP7
registry included a specific question about individualised risk
assessment, asking whether this was undertaken, and if so, which
tool had been used. Among 717 reports of adult cardiac arrests,
510 (71%) did not record use of an individualised risk assessment.
Of those that did, most (123, 59% of risk assessments and 17% of
all adult cases) had a quantitative risk score calculated ([eg SORT,
NELA) rather than a qualitative assessment. The outcome of the
risk assessment was reported for 186 cases, two-thirds of which

were classified as high or very high risk (Table 19.4). Twenty-one
per cent of cases which underwent full panel review were deemed

to lack an appropriate risk score, most commonly a hip fracture
specific score [eg Nottingham Hip Fracture score) for orthopaedic

frauma cases.

A patient aged over 85 years with frailty and an active

‘do not attempt cardiopulmonary resuscitation’ (DNACPR)
recommendation underwent hemiarthroplasty for a hip
fracture. The ASA Physical Status class was reported as 2,
despite previous myocardial infarction, and no individualised
risk assessment was reported. Invasive blood pressure
monitoring was not used. The patient had a spinal anaesthetic.
There was loss of cardiac output following cementing and
resuscitation efforts were stopped after 10-20 minutes.

Table 19.4 Mortality associated with reported and estimated risk
calculation of individualised risk assessment (qualitative or quantitative|

and patient mortality at time of NAP7 reporting. The final column covers

an estimated SORT score for all cases. Values are number (proportion).

Observed

in-hospital Observed
Estimated risk of mortallfy m-hosp'l’ral
carly mortali (cases with mortality

y ity risk score (all cases),
reported), VA
n (%)

Not estimated/ 531(74) 206/531(39) _
reported
<1% 13 (2) 313023 31/229(14)
Low (< 5%) 47(7) 16/47 34) | 69/188 (37)
High (5-10%) 43 (6) 15/43(35) | 59/104(57)
Very high (> 10%) 83(12) 59/83(71) | 139/194(72)

Table 19.3 ASA Physical Status classification for specific comorbidities in NAP7 case reports. NYHA, New York Heart Association Functional Classification.

Comorbidity

Cerebrovascular disease 0 1 13 12 4 30 33
Myocardial infarction 0 3 37 22 8 70 4.3
Severe aortic stenosis 0 0 7 9 0 16 43.8
Congestive cardiac failure (NYHA 111/1V) 0 0 9 25 1 35 257
Permanent pacemaker 0 0 8 9 2 19 421
Chronic kidney disease grade 5 (dialysis dependent) 0 1 9 16 1 27 3./
Body mass index (kg m-2)

230to<40 1 47 83 46 185 0.5
240 0 8 14 17 2 4] 19.5

202



Risk assessment

The cases submitted represent a higher-risk cohort than those
in the Activity Survey, which would support the need for
individualised risk assessment. A SORT score can be estimated
for cases reported to the registry as well as the Activity Survey
population. For the purpose of this calculation, we included
adult non-obstetric patients with all SORT data items complete
(specialty, grade and urgency of surgery; ASA class; presence
or absence of malignancy; age). The age categories of NAP7 do
not align exactly with those of the SORT score so those aged
76-85 years were scored as if they were all 65-79 years, which
will result in an underestimate for a proportion of patients.

In the Activity Survey, the large majority of patients (82%) had
a predicted postoperative mortality of 1% or less, with 2.8%
classified as high risk (5-10% predicted mortality) and 1.7%

as very high risk (> 10%). In contrast, 32% of cases who were

reported to NAP7 after cardiac arrest had a predicted mortality
1% or less, with 14.5% high risk and 27.1% very high risk (Figure
19.).

The absolute risk of perioperative cardiac arrest for patients

with SORT-predicted risk of 30-day mortality of less than 1%

is approximately 0.014% (95% ClI 0.013-0.016, 1in ~7000)
compared with 0.2% (95% CI 0.16-0.23, 1in ~1,300) for patients
with 5-10% predicted risk and 0.6% (95% Cl 0.51-0.67; Tin
~170) for those with greater than 10% predicted risk. The relative
risk of a perioperative cardiac arrest compared with those at low
SORT risk (< 1%) is 5.2 (95% Cl 4.3-6.3| for those with 1-5%
predicted risk, 13.3 (95% C110.6-16.8) for those with 5-10%
predicted risk and 40.9 (95% Cl 33.8-49.5) for those with greater
than 10% risk (Table 19.5).

Figure 19.1 Cumulative distribution of estimated SORT scores in NAP7 Activity Survey (purple line] and cardiac arrest case registry populations

(blue line). Dotted line shows 5% risk, green line shows 1% risk, conventionally the distinction between low and high risk of mortality.
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Table 19.5 Risks of cardiac arrest associated with estimated early mortality risk using the SORT score in adult, non-obstetric patients (n = 17,567). Values

are number (proportion) or estimate (95% confidence interval, Cl). Details of the multiplication factor to estimate the annual case numbers is given in

Chapter 11 Activity Survey. RR, relative risk.

Estimated risk of early A:-lcet:,ci)tntii::c,:y a::ﬁ:?act:s(ls Reported cases Incidence 1in x RR vs low-risk
mortality (SORT) (%) n (%) . (n) (%) (95% Cl) group (95% Cl)
<1% 14,176 (82) 1,607,230 229 (0,0%?lfmé) (611;;?80[;80] 1 (reference]
-5 230313 | 254808 9 oot | w4369
s-101 i 0 o | ushes | (06
>10% 28917) 33321 194 (0.5(1);5(?.67) (1142—117928) (332?29.5)

Preoperative assessment issues
An older patient with moderately severe disability, severe

frailty, advanced dementia and a solid-organ malignancy
was listed for an intramedullary nail under a consent form
4. They were anaemic and hypoxic preoperatively. No
treatment plans or DNACPR recommendations were

in place. The patient had a cardiac arrest during the
procedure under spinal with sedation. The procedure
was abandoned and the patient was transferred to ICU
intubated and ventilated for continuing care.

Of cases that underwent full panel review, 83% were judged

as having appropriate preoperative assessment, appropriate
preoperative investigations ordered and results noted. For
those in which issues were identified, a common theme was the
omission of preoperative investigations, particularly ECG, which
the panel judged should have been performed and/or which
would be recommended under National Institute for Heath

and Care Excellence guidance on preoperative testing (NICE
2016). There were also cases that had nurse-led preoperative
assessment, but the panel (and in some cases the reporter)
judged that an anaesthetist-led assessment would have been . .
Discussion

We identified issues related to a lack of individualised risk
assessment, frequent omission of relevant quantitative risk
scoring tools, under-scoring of ASA Physical Status and gaps in
preoperative assessment. As expected, we also found that the
cardiac arrest population were a high-risk group relative to the

more appropriate, and several in which remote preoperative
assessment was considered to have failed to identify issues that
an in-person assessment would have highlighted.

A middle-aged patient with a BMI greater than 40 kg m-2
had a telephone preoperative assessment with a nurse
before a major elective procedure. The patient was under-
scored as ASA 2 and a history of obstructive sleep apnoea
with home CPAP (continuous positive airway pressure) was

Activity Survey population.

The most widely used tool is ASA Physical Status, which is
ubiquitous in clinical practice. We found widespread under-
scoring of ASA class based on published examples, particularly
in the Activity Survey data. Common pitfalls related to specific
comorbidities that attract a higher ASA class (especially
cardiovascular), BMI categories and the fact that uncomplicated
pregnancy is classed as ASA 2 (ASA 2020). An issue that was
particularly apparent on panel review of submitted cases was

a failure to increase ASA class on the basis of acute illness (eg
sepsis and shock are ASA 4 according to the published examples
There were cases in which the panel judged that, given the data and ruptured abdominal aortic aneurysm and massive frauma are
available before surgery and anaesthesia, operating may nothave  ASA 5; ASA 2020). Outstanding issues include how to deal with
been in the patient’s best interests. By definition, the reported the inherent subjectivity of the ASA system, and the extent to
cases do not include patients where a decision not to offer or which frailty should be incorporated into the ASA Physical Status
proceed with surgery was made following risk assessment, nor assigned to an individual compared with its use as a separate
those where cardiac arrest did not occur within 24 hours, but standalone indicator. ASA alone is not designed or validated
outcomes were poor. It is therefore impossible for the panel to for risk assessment. However, it does form part of numerous
comment on whether proceeding fo surgery inappropriately is a assessment tools. Consistency in its application is therefore

important. The distinction between ‘mild’ (ASA 2) and ‘severe’

not elicited by the preassessment or by the anaesthetist on
the day of surgery. The patient received opioids as part of
their anaesthetic and had a respiratory arrest on the ward
postoperatively.

Decision making

rare or common occurrence, but it clearly does occur.
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(ASA 3) systemic disease is particularly problematic, with many
patients who are not covered by specific examples falling into
this "ASA 2.5’ gap. Some of these inconsistencies probably carry
little implication for direct patient care — whether a pregnant
woman undergoing caesarean section is classified as ASA 1 or 2
is not going to change practice, but if data are to be compared
across time or between units, then consistency is important.

Risk tools have important roles in risk stratifying, consideration of
alternatives to planned interventions and in planning postoperative
pathways. They should not be used in isolation, but should be
integrated with other site specific and patient specific information
(Lee 2023). While their use is recommended in guidance from
multiple sources (RCSE 2018; FICM 2020; CPOC 20213,

2021b, RCoA 2021, 2023) there appears to be a gap in their
implementation in routine practice. Potential reasons for this
include a belief in ‘self-assessment’, which is prone to issues of bias
and a lack of follow-up, a lack of observable change by patients or
system in response to high- or low-risk values, evident flaws with all
tools (unusual but significant prognostic indicators are not usually
included in model development) leading to lack of confidence,
and a lack of easy access to tools.

Quantitative tools are important, as they enable an estimated risk
to be communicated to the patient, facilitating shared decision
making and informed consent, and across the multidisciplinary
team. The communication of risk or likelihood of an outcome to
an individual patient needs to be managed carefully if it is not
to add confusion. Most tools simply predict the likelihood of a
dichotomised outcome (generally death). While a population
may have a risk of 10% mortality (1in 10 of the patients will

die), for each patient the outcome is absolute: each patient
undergoing surgery will either survive or die, and for them the
outcome happens with an incidence of 100% or 0%. For some
patients, surgery is a part of a palliative care process, and should
not be denied simply because the risk of death is high. It is
important to understand the risks associated with not operating
(Mcllveen 2019) and be mindful that risk assessments usually
refer to the 30-day mortality — the daily rate of death is much
lower (Johansen 2017). Although there is a clear association
between higher risk (whether assessed by broader methods
such as ASA or more specific methods such as SORT) and the
risk of cardiac arrest, the absolute risks of cardiac arrest remain
low. However, risk assessment provides an opportunity for the
perioperative team and the patient and their family to consider
the purpose, risks and benefits of planned procedures.

NAP7 helps to demonstrate the potential value of widely
available tools such as the SORT score in identifying high-risk
patients who might benefit from adjustments to care pathways.
While not every patient suffering a perioperative cardiac arrest
would be classified as high risk, more consistent application

of these tools can aid informed consent and shared decision
making while streamlining clear communication across the
perioperative feam.

Recommendations

National

B National bodies such as regulators and royal colleges
should include evaluation of appropriate discussion and
documentation of quantitative risk assessment in their
assessments of organisations.

Institutional

m  Organisations should provide mechanisms that facilitate the
use of validated risk assessment tools in their patient records.

B Risk scoring, using validated tools, should be a routine part
of preoperative assessment and shared-decision making.
It should be considered both before and after a procedure
to ensure patients receive the appropriate level of post-
operative care.

B Organisations should explore whether quantified risk scoring
and ASA Physical Status can be safely incorporated as forced
data for booking of emergency patients.

Individual
B Anaesthetists should apply ASA classification in line with
updates and current recommendations.

B Anaesthetists should, in collaboration with other colleagues,
include objective risk assessment as part of prelist briefings.

B As part of early preoperative information provision, patients
should be provided with a realistic assessment of likely
outcomes of their treatment. The information provided
should routinely include important risks, including the risk
of death during anaesthesia and surgery.

Research

B Research is needed on the impact of quantitative risk
assessment on:

= patient decision making

= perioperative clinical decision making.
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Perioperative decisions about
cardiopulmonary resuscitation

Jerry Nolan Tim Cook

Key findings

B The Seventh National Audit Project (NAP7) Activity Survey
showed that among 20,717 adults (> 18 years) undergoing
surgery, 595 (2.9%) had a ‘do not attempt cardiopulmonary
resuscitation” (DNACPR) recommendation preoperatively.

B The preoperative DNACPR recommendation was
suspended in less than one-third of these cases.

B Eight patients (1.4%) with 8 DNACPR recommendation had
a cardiac arrest in their perioperative period and four were
resuscitated successfully.

B Of the 881 perioperative cardiac arrest reports to NAP7
that included a resuscitation attempt, 54 (6.1%) had a
DNACPR recommendation made preoperatively.

B Of these case reports, 70% had a Clinical Frailty Scale
(CFS) score of 5 or greater (mild to very severely frail).

B Just under 50% of these DNACPR recommendations were
formally suspended at the time of anaesthesia and surgery.

B Onein five of those with a8 DNACPR recommendation and
who had a cardiac arrest survived to leave hospital.

What we already know

The Association of Anaesthetists has published a clinical
practice guideline on advance care planning in the perioperative
period (Meek 2022). This guidance makes the following
recommendations:

1. Organisations should provide mandatory training relating to
their advance care planning and resuscitation policies and
documents.

2. Organisations should put in place processes to ensure that
healthcare teams are aware of the existence and content of
any advance decision to refuse treatment made by a patient.

3. Clinicians should have an early discussion with a patient
preoperatively to ensure a shared understanding about
which perioperative treatments - including cardiopulmonary
resuscitation (CPR) - would be appropriate and desired.

Report and findings of the 7th National Audit Project Royal College of Anaesthetists

lain Moppett

Jasmeet Soar

4. Itis usually appropriate to suspend a DNACPR
recommendation during the perioperative period.

5. If an anaesthetist believes they cannot facilitate a successful
patient-centred outcome that satisfies the patient’s wishes,
further senior opinions should be sought.

6. All clinicians should consider making themselves familiar
with newer processes and documents that are increasingly
replacing stand-alone DNACPR forms.

The legal frameworks for DNACPR recommendations and care
planning differ in England and Wales, Northern Ireland and
Scotland (Meek 2022).

Patients undergoing operative procedures may have pre-
existing emergency freatment plans in place and it is important
for the anaesthetist to have an early discussion with the patient
preoperatively so that it can be agreed which perioperative
treatments, particularly chest compressions and/or defibrillation,
and postoperative critical care would be appropriate and desired
by the patient. Causes of unexpected perioperative cardiac arrest
may be promptly reversible (eg a relative overdose of induction
drug, vagotonic response to a pneumoperitoneum, sudden
arrhythmia) and a witnessed and monitored infraoperative
cardiac arrest is associated with better outcomes than out-of-
hospital cardiac arrest or in-hospital cardiac arrest in other areas
(Kalkman 2016). If this is discussed with the patient, it is likely that
many would accept brief resuscitation interventions if the cardiac
arrest occurred during anaesthesia, was witnessed, monitored
and rapidly reversible and they were unlikely to suffer significant
harm consequently.

Of note, cardiopulmonary resuscitation (CPR) is itself a potentially
traumatic experience. Most commonly, chest compressions

can cause rib fractures; after resuscitation from out-of-hospital
cardiac arrest, several studies have documented an incidence

of rib fractures of more than 70% when evaluated by computed
tomography and this risk is greater in older and frailer patients
(Viniol 2020, Karatasakis 2022). In addition, injuries to the viscera
including liver and other intraabdominal structures may occur,
although less commonly (Ram 2018).
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Decisions about CPR

The NAP7 Activity Survey has demonstrated that surgical patients
have become older and frailer in recent years (Chapter 11 Activity
survey; Kane 2023) and it is becoming increasingly important
that advanced treatment plans are discussed with those patients
who might be at increased risk of perioperative cardiac arrest.
Even in groups of patients known to be at high risk of adverse
outcomes, such as frail patients with hip fractures, there is some
evidence of poor emergency treatment planning (McBrien 2013).

There is much overlap in this chapter with the issues of care
discussed in Chapter 28 Older frailer patients; these two
chapters might usefully be read together.

What we found
Activity Survey

The NAP7 Activity Survey showed that among adults and
children (n = 24,172) 663 (3%) had a DNACPR recommendation
preoperatively and it was suspended in 178 during anaesthetic
care (Figure 20.1). Of the 20, 717 adults (> 18 years) undergoing
surgery 595 (2.9%) had a DNACPR recommendation
preoperatively and, of these, it was suspended in 175 (29.4%).

Among 1,957 patients aged over 55 years (for whom frailty

data were obtained in the Activity Survey) with a CFS score

of 5 or higher, 433 (22.1%) had 8 DNACPR recommendation
preoperatively and it was suspended for 136 (31.4%) patients.
Figure 20.2 shows the distribution of DNACPR recommendations
by CFS score and Table 20.1 provides the detailed data.

Of the patients where there was 8 DNACPR recommendation in
place, 98% were undergoing non-elective surgery. In contrast,
for the Activity Survey cases with no DNACPR recommendation
only 30% were undergoing non-elective surgery.

Of the 595 adult patients with a DNACPR recommendation, 8
(1.4%) had a cardiac arrest reported and 4 survived the event
(Figure 20.3). Two patients with severe frailty had an active CPR
recommendation and did not have any CPR and died, while
one had CPR and also died. All the patients who had CPR had
more than five chest compressions and none had a defibrillation
attempt. The Activity Survey only collected data on survival of
the event and not overall hospital survival.

Figure 20.1 Proportion of patients with active DNACPR recommendations by age in the Activity Survey. Yes-suspended during anaesthetic care M,

Yes-active W,
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Table 20.1 DNACPR recommendations by Clinical Frailty Scale score in patients over 55 years in the NAP7 Activity Survey. NR, not reported.

o . Yes - active Yes — suspended Unknown/NR
Clinical Frailty Scale Total n (%) n (%) . ("/f) . (%)/
1 360 356 (99) 1(0) 1(0) 201
2 2622 2582 (98) 10(0) 3(0) 27(1)
3 3240 3166 (98) 310) 13(0) 30 (1)
4 1245 174 (94) 3303 170) 210
5 605 552 (91) 22 (4) 15(2) 16 3)
6 762 620 (81) 78 (10) 37(5) 27 4)
7 480 249 (52) 147 (31) 63(13) 21(4)
8 98 32(33) 44 (45) 18 (18) 4(4)
9 12 2(17) 6(50) 3(25) 1(8)
Unknown/NR 242 56 (23] 3() 010 183 (76
All patients 9666 8789 (91) 375 (4) 170 (2) 3323

Figure 20.3 Patients in the NAP7 Activity Survey who had a DNACPR recommendation and cardiac arrest

DNACPR active?

Y

\ 4 *

Yes Suspended Unknown
n=3 n=4 n=1
\
* \4 \J
No CPR, n=2 CPR, n=1 CPR,n=4
' v ' v
Died =2 Died =1 Survived =4 Outcome unknown

Case reports of perioperative cardiac arrest

Of 881 reports to NAP7, 54 (6.1%) had DNACPR
recommendations made preoperatively and were then reported
to NAP7 after a perioperative cardiac arrest and a resuscitation
attempt. Those patients with a preoperative DNACPR
recommendation that was not suspended and did not receive
CPR did not meet the NAP7 case report inclusion criteria so are
not reported here.

Of the cases reported, 38 (70%) had a CFS score of 5 or above
(Figure 20.4), and 26 (48%) were 85 years of age or over.

Most of these cases reported (n = 34, 65%) were orthopaedic
trauma cases but included a significant number of emergency
laparotomies and vascular surgery cases (Figure 20.5).

Figure 20.4 Clinical Frailty Scale score for cases of perioperative cardiac
arrest with a DNACPR recommendation
18 -
16
14 -
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Figure 20.5 The surgical specialty of a cases with a pre-operative DNACPR recommendation. Gl, gastrointestinal.
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Relative to the whole surgical population in the Activity Survey, Recommended Summary Plan for | Full name
. . . R@spe Emergency Care and Treatment
patients with 8 DNACPR recommendation were older (> 75 i Date of birth
1. This plan belongs to: Address

years; 76% vs 17%), living with frailty (CFS > 5; 70% vs 18%), had a
higher ASA [ASA 4-5; 68% vs 5%), more likely to be undergoing
non-elective surgery (100% vs 32%), major or complex surgery
(62% vs 31%) and for surgery to be taking place at weekends
(22% vs 9%). Sixty per cent had a modified Rankin Scale (mRS)
score greater than 1 preoperatively. The only cause of cardiac
arrest that was more prevalent in the group of patients with a
DNACPR recommendation compared with all adult surgical
cases was bone cement implantation syndrome (17% vs 2%;
Chapter 28 Older frailer patients).

A total of 20 (37%) DNACPR recommendations remained active
at the time of cardiac arrest, 25 (46%) were formally suspended
and in 9 (17%) cases the status of the DNACPR recommendation
was unknown. Most patients who received CPR with a DNACPR
recommendation survived resuscitation, achieving return of
spontaneous circulation (ROSC) for over 20 minutes.

A patient over 85 years and with severe frailty underwent
anaesthesia for a hip fracture. The patient had a community
DNACPR recommendation but after discussion with

the patient and their relatives this recommendation was
suspended. The patient had a pulseless electrical activity
(PEA cardiac arrest immediately after insertion of the
femoral component. Chest compressions were started
and adrenaline was administered. Return of spontaneous
circulation was achieved after several minutes, the
operation was completed and the patient admitted to a
critical care unit post-operatively. The patient returned to
their nursing home after a three-week stay in hospital.

Preferred name ‘

NHS/CHI/Health and care number
Date completed ‘

The ReSPECT process starts with conversations between a person and a healthcare professional. The
ReSPECT form is a clinical record of agreed recommendations. It is not a legally binding document.

2. Shared understanding of my health and current condition

Summary of relevant information for this plan including diagnoses and relevant personal circumstances:

Details of other relevant care planning documents and where to find them (e.g. Advance or Anticipatory
Care Plan; Advance Decision to Refuse Treatment or Advance Directive; Emergency plan for the carer):

| have a legal welfare proxy in place (e.g. registered welfare attorney, person
with parental responsibility) - if yes provide details in Section 8 Yes No

3. What matters to me in decisions about my treatment and care in an emergency

Living as long as
possible matters
most to me

Quality of life and
comfort matters
most to me

What | most value:

What | most fear / wish to avoid:

4. Clinical recommendations for emergency care and treatment

Prioritise extending life Balance extending life with Prioritise comfort

® comfort and valued outcomes 2

Now provide clinical guidance on specific realistic interventions that may or may not be wanted or
clinically appropriate (including being taken or admitted to hospital +/- receiving life support) and your
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Duration of CPR was only modestly less commonly prolonged

in patients with 8 DNACPR recommendation than in the whole
cohort of cases reports (> 20 minutes 17% vs 19%). The outcomes
for those with perioperative DNACPR recommendations
compared with the other NAP7 cases are shown in Table 20.2.

Of 10 patients surviving to hospital discharge, 7 had a functional
assessment using the mRS reported on discharge. The changes
in function before and after cardiac arrest are shown in the Table
20.3.

Following review of the cases, the panel comments included:

B A patient had a DNACPR recommendation and this was
formally suspended and discussed with the patient and
family, which we feel was good practice.

B Sometimes it is reasonable to undertake complex surgery in
high-risk patients but communication with the patient and
family is vitally important.

The NAP7 panel rated care before cardiac arrest as good in 32%
and poor in 19%, compared with all cases, where ratings were
good 48% and poor 11% (Table 20.4). Overall, care was rated as

good in 22 (42%) cases good and poor in 21(38%) and poor in

1 case (1.8%) with insufficient information to rate care in 13 cases
(23%). The ratings of good care were somewhat lower than for all
cases, particularly before cardiac arrest.

When care was rated poor, it most commonly reflected a lack of
risk assessment, discussion about risks preoperatively or decision
making as to whether proceeding with surgery was appropriate.
In a few cases, the option of not proceeding to surgery appeared
not to have been fully considered and an inevitable death was
merely postponed to the postoperative period.

An elderly patient with very severe frailty and comorbidity
and a DNACPR recommendation presented with severe
sepsis and was listed for surgery. The patient had a cardiac
arrest on induction and was resuscitated and surgery
abandoned. End-of-life care was then started and the patient
died. The panel questioned the appropriateness of surgery
and resuscitation in a patient who appeared to be dying.

Table 20.2 Outcomes for those with preoperative DNACPR recommendations. ROSC, return of spontaneous circulation.

DNACPR in place (n=54)

Outcome of event

Other cases (n=827)

(n) (%) (n) (%)
Initial:
Died 13 42 186 22
Not available 0 0 7 0.8
Survived (ROSC for > 20 minutes) 3 57 634 77
Hospital:
Alive 10 19 374 45
Dead 40 74 308 37
Still admitted 4 74 145 18

Table 20.3 Modified Rankin Scale scores on admission and discharge of perioperative cardiac arrest survivors who had a preoperative DNACPR

recommendation

Discharge
0 1 2 3 4 5
Admission (no (no (slight (moderate  (moderately (severe Vi
symptoms) significant disability) disability) severe disability) 9
disability) disability)
0 - No symptoms 0 0 0 0 0 1
1 - No significant disability 0 0 0 0 0 0 0
2 - Slight disability 0 0 0 1 0 0 0
3 - Moderate disability 0 0 0 2 1 0 0
4 — Moderately severe disability 0 0 0 0 1 1 0
5 - Severe disability 0 0 0 0 1 0
Missing 0 0 0 0 0 2
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Table 20.4 Panel rating of care in patients with a preoperative DNACPR

recommendation

. Good, Ceklend Unclear,
Period of care n (%) poor, n (%)
: n (%) .

Pre-cardiac

17(32) 16 (30) 10 (19) 10 (19)
arrest
During cardiac 42(79) 5(9.4) 01(0) 6 M)
arrest
Post-cardiac | 3160) | 359 3(58) 10 (19)
arrest
Overall 22(42) 20 (38) 1019) 917)

In some cases, interventions such as avoidance of general
anaesthesia or use of invasive blood pressure monitoring
appeared not to have been considered, raising concerns as to
whether care delivered was as attentive as it might have been.

A frail elderly patient with limb ischaemia was deemed very
high risk for surgery and surgical intervention was therefore
not undertaken. When the patient was clearly dying
(decreased consciousness, sepsis| a decision was made to
proceed with surgery — the patient had a cardiac arrest in
recovery, and resuscitation resulted in ROSC. It was then
agreed that palliative care was appropriate and the patient
died in recovery.

The panel’s opinion was that a DNACPR recommendation
should have been considered in a further 34 cases (3.9% of

the 881 reports). This group were mainly older patients (71%
over 75 years) with frailty (71% with a CFS score of 5 or more)
and most (55%) were having orthopaedic trauma surgery. This
group of patients is discussed further in Chapter 28 Older frailer

patients. Perioperative cardiac arrest in the older frailer patient.
Only one patient was having an elective operation. At the time
of reporting, only 4 (12%) had been discharged from hospital, 7
were still in hospital (21%) and 23 had died (68%).

An older patient with severe frailty and multiple
co-morbidities had hip fracture surgery. The patient had
DNACPR recommendations during several previous
hospital admissions, but this had not been discussed or
documented during the current admission. The patient
deteriorated postoperatively on the ward and had an
unwitnessed cardiac arrest. The patient had more than 20
minutes of CPR before resuscitation was stopped and the
patient died.

Discussion

In a high-risk patient when there is uncertainty about whether
CPR should be undertaken if there is a cardiac arrest, there are
several factors to consider:

m  the patient’s wishes as best as they are understood at that
time and in that context

B the certainty of death if CPR is not performed

m  the chances of successful resuscitation and whether CPR
would in fact be futile

H the possibility of harm from CPR itself, from the events
that led to the cardiac arrest and from the effect on organ
function from the period of cardiac arrest

m the likely outcome (eg return to pre-existing function versus
not; need for intensive care) following ROSC

B the possibility of undertaking CPR for a patient who had a
previously stated a preference not to have CPR.

Each of these reasons makes it very important that the possibility
of cardiac arrest is discussed with any high-risk patient
undergoing anaesthesia. There is no consensus on which patients
should be part of this ‘high-risk group” and any decisions should
include the patient’s own values and preferences. In-hospital
cardiac arrest data show poor outcomes for older patients with
frailty following CPR, (Hamlyn 2022) and a recent study has
documented a strong association between higher frailty burden
and increased mortality after perioperative cardiac arrest (Allen
2023). Our data and previous studies of perioperative cardiac
arrest (Fielding-Singh 2020) show that there is an increased risk
of perioperative cardiac arrest and death in older patients with
comorbidity undergoing non-elective surgery. Based on the
data we have reviewed, the highest risk group of patients would
include any patient having surgery with:

B CFS score of 5 or more
B ASAscore of 5

m  Objective risk scoring for early mortality of more than 5%.

Such a discussion should include not just the process of CPR
but also its risks and the potential consequences of the events
leading to cardiac arrest and harm during resuscitation. This
may include, after successful resuscitation, the physical trauma
of CPR but also the risk of organ failure, critical care admission
and the possibilities of survival with decreased functional
capacity or death after a prolonged period in intensive care. It
may be entirely appropriate to start CPR but, in view of above
considerations, to limit its duration or the extent of associated
interventions if ROSC is not achieved with initial resuscitation
interventions.
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A nursing home resident, aged over 85 years, with a CFS
score of 7 and heart failure with a very low ejection fraction
underwent surgery for a hip fracture. The patient had a
pre-existing DNACPR recommendation, and this was
suspended for the operative procedure. The operation
proceeded under a low-dose spinal anaesthetic. Just after
cement pressurisation the patient had a PEA cardiac arrest.
After four rounds of CPR and two doses of adrenaline, a
decision was made to stop resuscitation.

All the reports of perioperative cardiac arrest in adult patients
with a DNACPR recommendation occurred during non-elective
surgery and often out of hours. Time to speak with the patient,
family members, close friends or legal proxies to ascertain

the patients values and preferences is therefore often limited,
and discussions may be hampered by the illness or injury
requiring surgery. Even in the elective setting this is an issue for
anaesthetists, who may not see the patient until shortly before
an operating list starts. Any preparation that can be made well
before anaesthesia and surgery is clearly advantageous when
this is practical. Although the focus for NAP7 is on cardiac arrest,
more generally preoperative discussions with the patient and
their families should include escalation of treatment which might
include, for example, admission to an intensive care unit, invasive
ventilation and renal replacement therapy. Such discussions are
likely to involve intensive care clinicians as well as anaesthetists.
Decisions to offer surgical treatment are related to but distinct
from treatment escalation planning and will often be included in
these discussions.

Although DNACPR recommendations are not legally binding
(they guide the clinician on what to do in an emergency;
Pitcher2017), and technically do not require explicit cancellation,
the Association of Anaesthetists recommends that it is usually
appropriate to suspend a8 DNACPR recommendation during the
perioperative period (Meek 2022). However, the NAP7 Baseline
Survey indicates that this currently occurs in only about one-third
of cases - for the remainder the decision remains active.

It is the view of the Association of Anaesthetists working party
on advance care plans in the perioperative period that giving
chest compressions to expedite circulation of a drug when
cardiac output is likely low (as distinct from cardiac arrest] is

not qualitatively the same as CPR (Meek 2022). It is also the
view of the Association of Anaesthetists working party that a
perioperative DNACPR recommendation would not prevent the
injection of drugs to treat bradycardia, hypotension or cardiac
arrhythmia, or use of defibrillation for a sudden-onset arrhythmia
during anaesthesia. However, the status of a preoperative
DNACPR recommendation and its implications should be
discussed with the patient and their relatives so that there is

an understanding of the interventions that will and will not be
offered. Full documentation of such discussions will help to
prevent any misunderstandings on either side.

The panel identified several examples of good practice where
discussions had taken place preoperatively with patients and/

or family members and agreement reached on either temporary
suspension or modification of a8 DNACPR recommendation.

In other cases identified by the panel, although 8 DNACPR
recommendation had remained in place perioperatively, the
patient underwent relatively prolonged CPR. This was considered
by the panel to be poor practice.

Failure to the discuss the patient’s preferences and possible
suspension of a pre-existing DNACPR recommendation
preoperatively may result in the patient receiving treatment
that they would not have wanted. If an intraoperative cardiac
arrest occurs and CPR results in ROSC, a period of organ
support in the intensive care unit (ICU) may be required if the
patient is to survive. Although the patient may not have wanted
such interventions, if such an eventuality is not discussed
preoperatively, and the cardiac arrest is considered to have an
iatrogenic cause, there may be pressure to admit the patient to
ICU.

A patient over 85 years with a CFS score of 7 and a
community DNACPR recommendation was sedated for a
surgical procedure. The DNACPR recommendation was
not suspended, and there was no reported discussion
with the patient and/or family preoperatively. After
administration of sedation, assisted bag—mask ventilation
was required, which was followed by vomiting, aspiration
and PEA cardiac arrest. Resuscitation of intermediate
duration was followed by ROSC. The patient was admitted
to ICU and although they survived to be discharged from
ICU they died later in hospital.

NAP7 did not study those cases where a decision was made not
to proceed with surgery and did not study in detail those cases
where a perioperative cardiac arrest cardiac arrest occurred and
CPR was not started. The Activity Survey data show that only a
small proportion of all cases that have a preoperative DNACPR
recommendation actually have an intraoperative cardiac arrest; 8
(1.4%) of the 595 adult patients with a DNACPR recommendation
had a cardiac arrest reported. Four survived the event following
CPR and four died (two with no CPR). The Activity Survey did not
collect data on survival to hospital discharge.

Although we cannot be certain from our data, in some cases
preoperative discussions with patients and or their families
about their values and preferences may have resulted in a
shared decision not to proceed with the surgery. This has been
highlighted by the Academy of Medical Royal Colleges in its
Choosing Wisely initiative (https: //www.aomrc.org.uk/choosing-

wisely) and the Association of Anaesthetists in its human factors
guidance for making time critical decisions (Kelly 2023). This
includes using ‘BRAN’ to help with decision-making:
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B What are the benefitse

m  What the riskse

m  What are the alternatives?
B Wheatif | do nothing¢
Recommendations
Institutional

B Where practical, treatment escalation plans, including
but not limited to DNACPR recommendations, should be
discussed and documented before arrival in the theatre
complex in any patient having surgery with:

= CFSscore 5 or above
= ASAS
= objective risk scoring of early mortality greater than 5%.

B When appropriate, discussion should include the anaesthetic
feam.

B In any patient presenting for surgery who has a CFS score of
5 or above, discussions should take place as early as possible
preoperatively with involvement of an anaesthetist, so that
there is a shared understanding of what treatments might be
desired and offered in the event of an emergency, including
cardiac arrest.

m  Units should consider development of ‘high-risk patient’
bundles that create a person-centred approach to
management of patients who are periarrest and in whom
treatment may be withdrawn in the immediate postoperative
period.

Individual

B When discussions take place around treatment planning,
the patient’s current or previously known wishes should be
explored regarding which outcomes they value.

m Itis usually appropriate to suspend a pre-existing DNACPR
recommendation in the perioperative period. These
discussions and decisions should be fully documented and
should be discussed at the theatre team briefing.

B If resuscitation is started, the patient’s known wishes should
be considered in deciding the extent of interventions
undertaken (eg a patient may not wish to be in multiple
organ failure on intensive care with little chance of surviving
or recovering to their previous functional state).
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Key findings

In the Activity Survey, airway complications were the
second most common complication, with an incidence of
1.7% and accounting for 21.9% of all complications. The
most common airway complications were laryngospasm
(38% of airway complications), airway failure (30%) and
aspiration (6.4%). The incidence of cannot intubate and
cannot oxygenate (CICO) situation or the need for an
emergency front of neck airway (eFONA| was 1in 8370
(95% confidence interval, Cl, Tin 2,296 to 1in 30,519).

Breathing complications were the fourth most common
complications with an incidence of 1.1% and accounting for
13.7% of all complications. The most common breathing
complications were severe ventilation difficulty (37% of all
breathing complications), hyper- or hypocapnia (24%) and
hypoxaemia (23%).

Airway and respiratory complications were a leading cause
of perioperative cardiac arrest in NAP7, accounting for
12.8% of all cardiac arrests and 9.2% of deaths.

Hypoxaemia was the primary cause of these perioperative
cardiac arrests.

While survival after cardiac arrest due to airway and
respiratory events was higher than for other events, a
disproportionate number of survivors experienced a severe
outcome, indicating permanent harm or prolonged critical
care stay.

Patients with obesity were overrepresented, with
extubation and recovery representing a particularly high
risk period for this group of patients.

Infants (age range 28 days to less than 1year) were

overrepresented, with cases occurring in theatres, in
paediatric critical care and during preparation for retrieval.

Airway issues in cases of cardiac arrest of the critically ill
child were prominent.

Out-of-hours cases were overrepresented in airway and
respiratory related cardiac arrests.

Airway and respiratory complications
associated with perioperative cardiac arrest

B While supervision of anaesthetists in training was generally
good, there were examples of patients with a predictably
higher-risk airway being inappropriately managed by
inexperienced anaesthetists.

B Lack of monitoring during transfer to recovery areas
contributed to unrecognised hypoxaemia and cardiac
arrest in several cases.

B eFONA was very rare and was performed exclusively in
patients with a predicted difficult airway.

B Cases of pulmonary aspiration leading to cardiac arrest
were very rare. Most cases occurred during rapid sequence
induction (RSI) for acute abdominal surgery.

B There was a single case of aspiration associated with
supraglottic airway (SGA) use; this is in contrast to NAP4.
This and the marked increase in use of second generation
SGA:s since NAP4 are notable.

B There were at least three cases of unrecognised
oesophageal intubation resulting in hypoxaemia and
cardiac arrest. Failure to correctly interpret capnography
was a recurrent theme in these events.

B A lack of familiarity with or misuse of airway and breathing
equipment contributed to cardiac arrest in some cases.

B Fatal airway events were more likely to be followed up
by a debrief while only 50% of cases in which the patient
survived were followed by a debrief.

B Overall, the data, while distinct from NAP4, suggest that
airway management is likely to have become safer in the
last decade, despite the surgical population having become
more anaesthetically challenging.

What we already know

National Audit Project 4 (NAP4) is the largest prospective study
of airway management fo date (Cook 2011). Its findings underpin
much of our understanding of the complications of airway
management and have shaped current airway management
guidance. The project looked at high severity complications,
including death, over a year in the UK. Key themes included
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Airway and respiratory complications

failure to assess patient risk and respond to findings, failure to
create and communicate an airway strategy, poor judgement, use
of SGAs in inappropriate settings and failure to use capnography,
particularly in locations outside operating rooms. Patients with
obesity were identified as a high-risk group and extubation was
noted to be a particularly a high-risk time for adverse airway
events.

Since the publication of NAP4 in 2011, surgical patient
demographics have changed markedly, with a higher prevalence
and degree of obesity, increased age and increased comorbidity,
all of which are likely to make airway management more
challenging than a decade ago (Kane 2023, Chapter 11 Activity
Survey). Several recent studies, such as the AeroComp study
into aerosol precautions and airway complications, support this
premise (Potter 2022). As well as being at higher risk for airway
compromise, these populations may also be more predisposed

to poorer outcomes should cardiac arrest occur.

A national survey of the impact of NAP4 on airway management
in UK hospitals was published in 2016 (Cook 2016a). Notable
positive changes included designated departmental airway
leads, increased training in eFONA and more widespread
capnography use. Poorly adopted recommendations included
preassessment of patients with morbid obesity, airway strategy
documentation and capnography availability in all recovery
areas. If NAP4 recommendations, as intended, are considered
recommendations for best safe practice, the survey showed
significant ‘closing of the safety gap’ in the three years after
NAP4: 56% in ICU, 48% in emergency departments and 39%
in anaesthesia. However, this survey focused on process, not
outcomes, and NAP7 provides a partial opportunity to explore
the frequency and nature of airway events since then.

The findings of NAP4 have been followed by a series of
epidemiological studies of airway complications from the UK and
other countries (which might be called mini-NAPs), which offer
additional insights into the frequency of major airway events,
including cardiac arrest (Table 21.1). Obesity was a recurrent risk
factor across all but one of these (Huitink 2017, Endlich 2020,
Potter 2022, Shaw 2021). Other high-risk groups included

Table 21.1 Epidemiological studies of airway complications since NAP4

younger children and older adults (Huitink 2017), emergency
cases (Endlich 2020), ASA 3-4 patients (Endlich 2020) and
those with predicted difficult airways (Cumberworth 2022).
Additional factors included head and neck surgery (Endlich
2020, inexperienced airway managers (Potter 2022), the use of
(particularly reusable] FFP3 masks (Potter 2022) and the periods
at and immediately following induction (Huitink 2017, Endlich
2020).

Further insights into complications of airway management, minor
and severe, are provided by a recent analysis of litigation data
from claims made against the NHS between 2008 and 2018
(Oglesby 2022). Airway events were infrequent but outcomes

in these cases tended to be severe, accounting for 31% of all
deaths leading to litigation. One in six claims relating to cardiac
arrest was associated with airway events, of which 36% were
unanticipated difficult airway, 18% extubation related and 18%
postoperative airway compromise. This proportion of deaths
gives an indication of the frequency of airway-related mortality,
albeit with a number of these cases representing delayed deaths
not associated with cardiac arrest at the time of the airway event.

What we found
Activity Survey

Among 16,906 cases of general anaesthesia in the Activity
Survey a tracheal tube was used in 51.6% (n = 8,721 cases) and
an SGA in 44.9% (n = 7,585). Of the SGAs used, 65% (n = 2,632)
were second generation and 35% (n = 4,953) first generation.

Considering only those patients managed with a tracheal tube
or SGA, as body mass index (BMI) rose the rates of trachesl tube
use rose, most notably when BMI was above 40 kg m-2 (Figure
21.1 and Table 21.2). Conversely as BMI rose, when an SGA

was used, the proportion of first- to second-generation SGAs
changed very little (Figure 21.2). For cases with an airway device
left in place for transfer to recovery, end-tidal CO, monitoring
was used in only 25.9% of cases.

Setting

(number of sites| Cases (n) Cardiac arrest (n) Deaths (n) eFONA (n)
Huitink (2017) Netherlands Tertiary (1) 2803 1 1 2
X Australia/ )
Endlich (2020) e g | Tertary 12 131,233 n/r 1 3
Pedersen (2021) Switzerland Tertiary (1) 7454 n/r 0 0
Mixed (tertiary: .
Cumberworth (2022) UK 1, DGH: 3) 74,400 n/r 1 4
Potter (2022) Uk National (/0] 5905 n/r
Shaw (2021) UK Regional (39) 1874 0
DGH, district general hospital; eFONA, emergency front of neck airway; n/r, not reported.
“One death occurred during the study but was not reported in the formal results.

216



Airway and respiratory complications

Figure 21.1 Type of airway used by body mass index (BMI). SGA, supraglottic airway; TT, tracheal tube. 1st generation SGA M, 2nd generation SGA M, TT M.
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Table 21.2 Airway device by body mass index (kg m?)

30.0-34.9

Airway use by BMI (kg m-2)

35.0-39.9

40.0-49.9

Body mass index, n (%)

All

<185 18.5-24.9 25.0-29.9 30.0-34.9 35.0-39.9 40.0-49.9

SGA:

Ist generation 21(78) 571(11.3) 368(9.9) 226 (9.5) 68 [6.4) 14(2.8) 8 (6.5)
2nd generation 72 (26.7) 1812 (35.8) 1392 (37.3) 774 (32.6) 270 (25.4) 91(18.5) 27(21.8)
T 177 (65.6) 2684 (53) 1976 (52.9) 1373 (579) 724 (68.2) 387(78.7) 89 (71.8)

SGA, supragloftic airway; TT, tfrachesal tube.

Figure 21.2 Type of supraglottic airway (SGA) used and body mass index (BMI). Tst generation SGA M, 2nd generation SGA M.
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In the Activity Survey, airway complications were the

second most common complications: there were 421 airway
complications in 24,721 cases, an incidence of 1.7% accounting
for 21.9% of all complications. The most common airway

complications reported in the Activity Survey were laryngospasm,

accounting for 38% of reported events, airway failure (mask
ventilation, SGA insertion or tracheal intubation), accounting
for 30% of reports and aspiration accounting for 6.4%.
Laryngospasm and airway failure had an incidence of 1in 109

(95% Cl1in 93 to 1in 127) and 1in 143 (95% Cl 1in 119 to 1in 171),

respectively. Aspiration had an incidence of 1in 670 (95% Cl 1
in 454 to 1in 988) and a CICO or eFONA situations 1in 8370
(95% Cl 1in 2,296 to 1in 30,519).

Airway complications rose from BMI 35 kg m—2 and were two-
fold higher than ‘healthy’ BMI with BMI greater than 60 kg m-2
(Chapter 12 Activity Survey — complications).

In the Activity Survey there were 264 breathing complications
accounting for 13.7% of all complications. The most common
breathing complications reported in the Activity Survey were
severe ventilation difficulty, accounting for 37% of all breathing
complications, hyper- or hypo-capnia accounting for 24% and
hypoxaemia accounting for 23%. Severe ventilation difficulty had
an incidence of 1in 178 (95% Cl 1in 146 to 1in 218), hypercarbia
1in 289 (1in 223 to Tin 373) and severe hypoxaemia 1in 310 (1in
238 to 1in 404).

Complications are discussed in greater detail in Chapter 12
Activity Survey — complications.
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Of the 881 reported cardiac arrest cases, 113 (12.8%) were
attributed to airway management or respiratory problems.
Of these, airway management accounted for 71(63%) and
respiratory problems for 42 (37%). The nature of these events
was diverse and included:

failed mask ventilation

failed ventilation with an SGA
failed tracheal intubation
CIcO

eFONA

displaced tracheostomy
unrecognised oesophageal intubation
extubation complications
laryngospasm

airway haemorrhage
aspiration

bronchospasm
pneumothorax

equipment misuse

failure to monitor.

The cause of cardiac arrest was hypoxaemia in almost all
instances and the outcome was death or severe disability in 32
(28%) and 16 (14%) cases, respectively. Of the 32 cases in which
the outcome was death, 13 (41%) were associated with an airway
event and 19 (59%) a respiratory event. Of the 16 cases where
the outcome was severe disability, 10 (62%) related to an airway
event and 6 (38%) to a respiratory event. The death rate for
airway and respiratory events was comparatively low compared
with the entire NAP7 dataset (40%). However, of those patients
who survived an airway or respiratory related cardiac arrest, a
greater proportion had severe outcomes compared with the
other reported causes of cardiac arrest (12%).

Compared with other cardiac arrests in the NAP7 cohort, airway
and breathing cases were more likely to occur at induction (26%
vs 14%) and less likely to occur during surgery (22% vs 35%).
One quarter (27%) of cases occurred after surgery either at
emergence, in recovery or on the wards. Airway and breathing
events were more likely than other NAP7 cases to have occurred
in the anaesthetic room (16% vs 11%); 8 (7%) events took place in
remote locations and 22 (19%) on wards or in critical care.

Of 99 cardiac arrests with a rhythm reported, most were
pulseless electrical activity (PEA| (57%), bradycardia (30%) or
asystole (8%). Duration of cardiac arrest was most commonly
less than 10 minutes (79%) but with 13% lasting beyond 20
minutes; 96 (85%) patients survived the initial event and 17 (15%
died during resuscitation. However, in 13 (26%) and 30 (61%) of
49 patients with a reported hospital outcome, respectively, this
included harm and delayed discharge.

Twenty-nine percent of airway and breathing reports to NAP7
occurred in patients undergoing ear, nose and throat (ENT)
(26.5%) and maxillofacial (2.7%) surgery. This is a greater
proportion than in the Activity Survey, where all head and neck
surgery represented 8% of the workload.

There were many examples of well managed events with care
rated as ‘good’ throughout in 48 (43%) cases. Conversely, 52
(46%) cases had elements of care rated as ‘poor’ by the panel.
In these cases, the period of concern was predominantly before
cardiac arrest, with care rated poor in 50 (96%) of these 52
cases.

Of the 32 deaths in the airway and breathing cohort, 22 (69%)
were judged by the panel to be in patients with an underlying
inexorably fatal clinical condition. In 10 cases, the panel
concluded that improvements in care could have prevented
cardiac arrest and death.

Case report demographics

Patients with obesity (specifically BMI 35.0-49.9 kg m-2) were
overrepresented in airway and breathing reports (Figure 21.3).

While 11.7% of patients in the Activity Survey had a BMI 35.0-
49.9 kg m2, this population accounted for 20% of airway and
respiratory related cardiac arrest.

For patients with a BMI greater than 30 kg m-2, 18% of cardiac
arrests with airway or respiratory precipitants occurred at
emergence or during transfer to recovery. This is a greater
proportion than for lower BMI groups (5.7%), suggesting that
this time phase is higher risk for this patient group. Airway
obstruction was a common aetiology either following extubation
or in the immediate postoperative period.

A patient with a high BMI having a minor general surgical
procedure was managed by an inexperienced anaesthetist
in training. General anaesthesia and tracheal intubation
were chosen over spinal anaesthesia. Airway obstruction
occurred at extubation. Hypoxia progressed to cardiac arrest.
Resuscitation attempts were challenging due to body habitus
and, despite reintubation, return of spontaneous circulation
(ROSC| was never achieved and the patient died.

Neonates and infants were also overrepresented, accounting
for 27 (24%) airway and respiratory cases and 1.1% of surgical
activity (see also Chapter 27 Paediatrics). Nine events (33%)
occurred at induction or soon after induction. The nature of

events was diverse and included failed intubation, tracheal
tube displacement and CICO situations. Among these cases,
all survived with moderate harm, except in one case where
the outcome was severe harm. Six (22%) events occurred
postoperatively, with several examples of cardiac arrest due to
a misplaced tracheal tube on the paediatric intensive care unit,
including endobronchial migration and accidental extubation.
Capnography was in place for all these cases.
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Figure 21.3 BMI and age of cases (blue shaded bar] compared with Activity Survey denominator data (purple lines). A blue bar substantially above the
line indicates over representation of that feature and below the line underrepresentation.
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Among patients with airway and respiratory related cardiac
arrests 16% of cases reported to NAP7 were in patients of Asian
ethnicity compared to 7% of the Activity Survey population,
and 24% were of Non-white ethnicity compared to 12% of the
Activity Survey population.

Case reports and organisational factors

Airway incidents leading to cardiac arrest occurred
disproportionately out of hours, with 36% of events taking place
out of hours compared with 10% of anaesthetic activity in the
Activity Survey.

Where patients died as a result of airway or respiratory related
cardiac arrest, a debrief was held in 88% of cases. However,
debrief was notably less common (50%) when patients survived.

Supervision of anaesthetists in training and the involvement of
senior clinicians in resuscitation attempts was generally good,
with a consultant present at induction of anaesthesia in 87%

of cases. Of eight cases where no consultant was present, the
panel judged that only two were inappropriate cases for solo
management by an anaesthetist in training. However, there were
several examples of junior clinician management of high-risk
airways for training purposes.

30.0-34.9

35.0-39.9 40.0-49.9 50.0-59.9 60+

BMI (kg m-3)

26-35 36-45 46-55 56-65 66-75 76-85 85+

Age (years)

An inexperienced anaesthetist in training was designated
as the first intubator for RSl in an unwell, hypoxaemic adult
undergoing emergency surgery. Following induction of
anaesthesia, there was rapid oxygen desaturation. Bag—
mask ventilation failed. Airway management was taken
over by the consultant anaesthetist. Intubation was difficult
and hypoxaemia led to cardiac arrest. ROSC was achieved
following correction of hypoxaemia.

An adult with a known difficult airway presented for
emergency surgery. Awake tracheal intubation (ATI) was
planned with ENT surgeons standing by. Both sedation
and ATl were managed by the only anaesthetist present.
Desaturation occurred during the procedure as a result
of respiratory depression caused by excessive sedation.
Mask ventilation and intubation with videolaryngoscopy
failed. A hypoxic cardiac arrest followed and an emergency
tracheostomy was undertaken by the surgeons. ROSC
was achieved following airway rescue and correction of
hypoxaemia.
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The panel judged the assistance of a second anaesthetist could
have prevented deterioration and cardiac arrest in several

cases. These situations included where airway management
itself is likely to require two anaesthetists due to anatomical
abnormalities or body habitus; a separate operator for sedation
management in awake tracheal intubation; a second ‘pair of
hands’ for emergency airway management, particularly in
unfamiliar settings; and in physiologically high-risk patients
where focus on cardiovascular integrity may detract from airway
management.

Four (14.8%) patients did not have a documented airway
assessment; all were critically ill children requiring emergency
intubation and specialist retrieval. They were all managed by
consultants who covered paediatric services only when on-call
and reported not having advanced paediatric training (Chapter
33 Critically ill children).

Table 21.3 Unanticipated airway events. The number of events exceeds
the number of cases as there were multiple events in some cases.

Event ]
Case reports and perioperative care Failed tracheal intubation 12
There were 27 cases (3% of all reports) where respondents Cannot intubate cannot oxygenate 10
reported an unanticipated airway event. These events included Failed mask ventilation 9
failed face mask ventilation, failed SGA placement, failed tracheal = Aspiration of gastric contents 8
intubation, CICO or eFONA situations, and unrecognised Laryngospasm 6
oesophageal intubation (Table 21.3). Of these 27 cases, 18 Airway haemorrhage 6
(66.6%) did not have a predicted difficult airway. In many .
: . . Aspiration of blood 5
instances, multiple unexpected events occurred (Figure 21.4).
Emergency front of neck airway 6
Failed supraglottic airway placement or ventilation 4
Unrecognised oesophageal intubation 3
Figure 21.4 Combinations of unanticipated airway events for each case
6
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(11%
] (8%
w
(]
9]
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Failed intubation |
Cannot intubate cannot oxygenate situation ‘ z |
Failed mask ventilation . I
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Emergency front of neck airway [ ] [ ]
Airway haemorrhage z ]
Aspiration of blood I
Failed supraglottic airway placement () I
Unrecognised oesophageal intubation [ |
10 5 0]
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Monitoring

In six (5.3%) cases, failures of monitoring contributed to
unrecognised hypoxaemia and cardiac arrest. These cases
occurred either on transfer from an anaesthetic room to theatre,
transfer from operating table to bed or from theatre to recovery
(see also Chapter 31 Monitoring and transfer).

Airway management at the time of cardiac arrest

The airway in place at the time of cardiac arrest was reported in
872 cases and is listed in Table 21.4. Although Activity Survey
data do not allow a full comparison of airway devices, in broad
terms, comparing airway device use in cases of cardiac arrest

A patient with obesity was extubated in theatre following
urgent surgery. The patient was alert and tidal volumes
were adequate. Monitoring was removed. During transfer
to recovery the patient had a respiratory arrest. Recognition
of deterioration was delayed and there was progression to
cardiac arrest. Monitoring was resumed in recovery and
ROSC was achieved following airway management and
correction of hypoxaemia.

with the Activity Survey, SGAs were underrepresented (11% vs
46%) and both tracheal tubes (86% vs 53%) and tracheostomy
(2.7% vs 0.4%) were overrepresented.

The method by which airway positioning was confirmed was
reported in 723 cases, of which 604 had a tracheal tube or
SGA in place. Confirmation with capnography (waveform or
capnometry) was the most common mode of confirmation, used
in 595 (98.5%) cases.

Table 21.4 Airway in place at the time of cardiac arrest in 872 cases in
which these data were provided

Patients

Tracheal tube (oral or nasal) 537 62
Oxygen mask or nasal specs 93 1
Face mask (+ Guedel) 86 10
SGA (2nd generation) 64 7
None 57 7
Tracheostomy 17 2
SGA (1st generation) 7 1
eFONA 4 0.5
Double lumen tube 3 03
High-flow nasal oxygen 3 0.3
Rigid bronchoscope 1 0.1
eFONA, emergency front of neck airway; SGA, supraglottic airway.

Pulmonary aspiration

Eleven aspiration events, 9.7% of airway and breathing cases,
leading to hypoxaemia and cardiac arrest, were reported. Most
of these cases involved aspiration of gastric content in patients
with an acute abdomen. It is unknown whether these patients
had nasogastric tubes in place and, if present, whether they were
aspirated prior to induction of anaesthesia. Rapid Sequence
Induction (RSI) appears to have been performed in the most
instances, but some deviations from usual practice, such as
administration of midazolam before induction, were noted.

There was one case relating to aspiration while the airway was
managed with a second-generation SGA for elective surgery
in a healthy patient who was moderately obese. The remaining
aspirations were secondary to airway or upper gastrointestinal
haemorrhage.

Five of this group of patients died immediately following the
cardiac arrest event. Half of the remaining patients survived to
hospital discharge and half were still admitted at the time of
reporting.

Emergency front of neck airway

There were six cases of eFONA reported to NAP7. All six had a
predicted difficult airway. Two cases occurred at extubation.

Three cases were reported in patients undergoing head and neck
surgery. eFONA was successfully performed by an ENT surgeon
and the patients survived the initial event. Final outcomes were
one death, one survival to discharge and one not reported.

In three reports of patients not undergoing head and neck
surgery, there was no ENT involvement. In these instances,
eFONA was probably performed by the anaesthetist present.
Two of these patients died during eFONA attempts and one
survived the initial event but died several days later. The details
of airway management attempts and eFONA methods were not
reported.

Two events, in both of which the patient survived the initial
cardiac arrest and eFONA, were not followed up with a debrief.

Unrecognised oesophageal intubation

There were three cases judged to be delayed or unrecognised
oesophageal intubation and one in which this was a possible
diagnosis. In two cases, the diagnosis was not offered by the
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A patient with airway pathology underwent elective head
and neck surgery. Intubation was carried out awake. Before
extubation, neuromuscular blockade was reversed and

an adequate level of consciousness was confirmed. ENT
surgeons were present and scrubbed. Following removal of
the tracheal tube, the patient showed signs of respiratory
distress. Anaesthesia was induced again and an attempt

at reintubation was made but failed and was followed

by oxygen desaturation and cardiac arrest. eFONA was
performed by the surgical team during resuscitation.
Ventilation was established and ROSC was achieved. The
patient survived the initial event but final outcome was not
reported.

reporting team but was the view of the panel. In one case,
intubation of a critically ill patient led to difficult ventilation,
hypoxaemia and cardiac arrest. Capnography was not in use.
After a short delay, reintubation led to resolution of ventilation
and hypoxaemia and ROSC. Underlying themes with these
events included failure to use or correctly interpret waveform
capnography. In one case, a flat capnograph was attributed to
presumed severe bronchospasm. Reintubation during cardiac
arrest (which included administration of adrenaline) led to
resolution of the critical event. Although all patients survived the
initial event, two were left with moderate disability and ongoing
hospital admission.

A further two cases of unrecognised oesophageal intubation
were reported in the Activity Survey.

Figure 21.5 Word cloud based on the airway and respiratory cardiac
arrest case reviews
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Equipment

There were two cases where errors in the use of equipment
resulted in hypoxaemia and cardiac arrest. In one case,
connection of the wrong part of the anaesthetic circuit to the
anaesthetic machine common gas outlet resulted in failure

to ventilate. In another case, a patient with a tracheostomy
underwent anaesthesia but it was found that the tracheostomy
was not compatible with the anaesthetic circuit in use.

Discussion

Activity Survey

Compared with NAP4 data (Woodall 2011), rates of tracheal tube
use were higher in NAP7 (NAP7 51.6% vs NAP4 37.8%) and SGA
use lower (NAP7 44.9% vs NAP4 56.4%). This may in part be
explained by an increase in patients with higher BMI (Chapter

11 Activity Survey). Conservative practice surrounding aerosol-
generating procedures (AGPs) during the COVID-19 pandemic
may also have contributed, although research undertaken since
then indicates that this is an unnecessary precaution (Brown 2021
and Shrimpton 2021).

Guidance, from the Society for Obesity and Bariatric
Anaesthesia, suggests that a tracheal tube should be the
technique of choice in patients with obesity (Nightingale
2015) but that guidance is rather non-specific and generalised
suggesting ‘in the obese patient, tracheal intubation with
controlled ventilation is the airway management technique of
choice’. We found that SGA devices were used in almost one
quarter of patients with a BMI greater than 40 kg m=2.

Perhaps more notable, we found no clear evidence of an
increase in use of second-generation SGAs as BMI rose. This
perhaps suggests that first-generation SGA users use their
normal SGA irrespective of BMI. As second-generation devices
generally have a higher pharyngeal seal than first-generation
devices, and design features to reduce the risk of aspiration, this
approach has little o recommend it.

Airway complications (n = 421) were approximately 60% more
common than respiratory complications (n = 264) in the Activity
Survey. Conversely the outcomes from respiratory events were
worse than those from airway events.

Case reports

Overall airway and respiratory cases account for a significant
proportion of cardiac arrests, deaths and severe outcomes
reported to NAP7. It is not possible to make direct comparisons
with NAP4 as case mix and practices have changed. The
population is older, more comorbid and complex than a decade
ago (Chapter 11 Activity Survey), all of which likely results in

greater risk of both airway and respiratory events and poorer
outcomes. Further, the inclusion criteria for NAP7 (cardiac arrest)
are not the same as for NAP4 (an airway complication leading to
death, brain damage, eFONA or ICU admission/prolongation of
stay). Specific aspects are discussed below.
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Although survival rates were higher in this data subset compared
with other causes of cardiac arrest, the outcomes for surviving
patients were relatively more severe. This finding is supported
by previous work showing serious airway incidents to be low in
frequency but high in outcome severity due to patients surviving
with the sequalae of hypoxic brain injury (Oglesby 2022).

In 10 cases of fatality, the cardiac arrest was judged to be
potentially preventable. Although in the context of several
million anaesthetics this is @ small number of cases, it serves as a
reminder that avoidable airway complications may lead to death.
The aetiology of these events was diverse but human factors,
levels of supervision and organisational issues were recurring
themes.

Preoperative assessment

One of the key findings of NAP4 was that poor preoperative
airway assessment was associated with poor airway outcomes.
In NAP7, care before cardiac arrest was rated as poor in 44%
of cases; however, few of these instances related to a lack

of adequate airway assessment. In 85% of cases involving

an unanticipated airway event, an airway assessment was
documented. This likely represents an improvement in
preoperative attention to airway assessment and planning since
the publication of NAP4.

The small number of cases where no airway assessment was
documented were all critically ill paediatric patients awaiting
specialist retrieval. This issue is discussed in Chapter 33 Critically

ill children.

Obesity

In common with multiple previous studies, we found patients with
obesity to be overrepresented in cases reported to NAP7 (Huitink
2020). Management of these events was frequently described as
challenging due to difficulties with airway rescue techniques and
associated procedures, such as establishing intravenous access.
Obesity increases the risk of failure of many airway procedures
and the short safe apnoea time compounds difficulty (Huitink
2020). It is also well recognised that when one airway technique
fails, the likelihood of rescue techniques succeeding is lower than
would otherwise be expected: a phenomenon termed composite
airway failure (Cook 2012) and observed in many airway cases
reported to NAP7. This underlines, as described in NAP4, the
need for an airway management strategy (ie a series of plans
each contingent on the failure of the previous technique and
communicated within the airway team| rather than one plan
(Cook 20M).

There were instances where airway management could have
been avoided if regional techniques had been employed in
patients with obesity. This was also noted in NAP4 (Cook 2011).
NAP7 reports lower rates of regional anaesthesia in patients with
obesity (see Chapter 25 Obesity). While central and peripheral
nerve blockade may also be more challenging in this population,
where practical, such techniques may be considered to avoid
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complications associated with airway management. In these
circumstances, as regional anaesthesia is also more likely to
fail, an airway strategy should be in place to prevent unplanned
urgent airway management (Cook 2011).

In contrast to NAP4, we have not observed reports of misuse of
SGAs in the obese population leading to harm (see below). The
NAP7 Activity Survey (Chapter 11 Activity Survey) showed that,
over the past decade, the average BMI of patients has increased
significantly. Importantly, not only do more patients have obesity
but the degree of obesity is increasing. These trends are even

more notable in the obstetric population. Age and comorbidity
have also increased, and both trends are likely to make airway
management more challenging. It is therefore likely that unless
these trends are reversed the cohort of patients now undergoing
surgery are likely to be more at risk of airway complications and
harm than is historically the case.

Small and critically ill children

The results of NAP7 clearly highlight, not for the first time, the
high-risk nature of airway management in infants and neonates
(Disma 2021, Engelhardt 2018, Fiadjoe 2016, Graciano 2014,
Morray 1993). Importantly, there were numerous reports from
theatres, paediatric critical care and when critically ill infants
and neonates being prepared for transfer. This issue is discussed
further in Chapter 27 Paediatrics and Chapter 33 Critically-ill
children.

Among 13 cardiac arrests reported to NAP7 relating to care of
critically ill children before transfer to a regional centre, airway
problems were prominent, occurring in half of cases and often
involving composite failures. All led to severe hypoxaemia and
this was the most common cause of cardiac arrest in this group.
Primary airway problems were failed mask ventilation, difficult
or failed intubation and laryngospasm. There were two cases

of failure of all rescue techniques resulting in CICO and in one
case an attempt at eFONA. In one out-of-hours case in an older
child with a highly predictable difficult airway an experienced
paediatric anaesthesia team could not secure the airway by

any means and the child died. The report did not state that any
ENT or other surgical team was involved. In a younger child,
unpredicted difficulty in intubation was followed by failed rescue
technique until successful intubation with a videolaryngoscope,
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the third attempt at intubation. Videolaryngoscopy was
mentioned in only two cases (both to rescue failed intubation)
but its use was not a specific question. This issue is discussed
further in Chapter 33 Critically-ill children.

Head and neck surgery

As in NAP4 a disproportionate number of cases were reported
from ENT and maxillofacial surgery (Figure 21.6), highlighting the
high-risk nature of this group of patients, although the proportion
of cases reported to NAP7 (29%) is substantially lower than
reported to NAP4 (40%; Cook 2011).

Aspiration

Pulmonary aspiration was the single most common type

of primary airway event leading to death or death and brain
damage in NAP4, with many events leading to cardiac arrest
(Cook 2011). Such cases frequently related to suboptimal use
of SGAs and use of first-generation SGAs in patients with
significantly obesity.

In NAP7, most cases relating to pulmonary aspiration occurred
during RSl for acute abdominal pathology. The debate over

the use of RSl and in particular cricoid force has raged over
many years and there is a lack of definitive evidence to support
one particular viewpoint (Priebe 2009, Birenbaum 2019, Cook
2016b). The current data act as a reminder that, particularly in the
setting of the acute abdomen, harm from pulmonary aspiration
remains a significant risk and all the elements of an RSI that
might mitigate the risk of aspiration are worthy of consideration.
It has been argued that cricoid force, when taught and applied
correctly, is a low-risk procedure, unlikely to cause harm and
which can simply be removed if it is deemed to be interfering
with intubation {Cook 2016b). Consideration should be given

to passing a nasogastric tube and if one is present, it should
routinely be suctioned before induction. Videolaryngoscopy

enables the assistant to see what the intubator sees, can enable
airway manipulation to optimise laryngeal view and cricoid force
and improve first pass success.

In contrast to NAP4, there was only one case of aspiration
associated with SGA use. This occurred in a patient with obesity
undergoing elective general surgery with a second-generation
SGA. The rate of SGA use in patients of BMI 30-34.9 kg m~2
was 42% and little different from patients with lower BMls. Since
NAP4, the use of second-generation SGAs has significantly risen:
10% of SGA uses in NAP4, rising to 65% in NAP7. Although the
inclusion criteria for NAP4 and NAP7 differ, these results suggest
a decrease in SGA-related major aspiration events. This may
reflect an improvement in patient selection for SGA use and/or
the increased use of second-generation SGAs. Taken together,
these data also tentatively suggest that the use of a second-
generation SGA in patients with obesity undergoing elective
surgery is likely to be relatively safe.

Emergency front of neck airway

It is notable that there were only six eFONA cases reported to
NAP7. Two patients died during resuscitation attempts, two died
days later and two survived. Of the surviving patients, one was
still admitted at the time of reporting, and one was discharged
with slight disability. This contrasts with 58 cases reported to
NAP4. While there was no requirement for cardiac arrest for
a case to be reported to NAP4, this was a relatively common
occurrence and the report included 11 deaths and 7 reports of
permanent harm in survivors. This 14-fold reduction in reports
suggests that there has been a substantial reduction in the
number of such procedures. Conversely, the early mortality
rate in cases reported to NAP7 (33.3%] is higher than in NAP4
(13.8%), which is consistent with NAP7 only capturing a subset
of cases.

Figure 21.6 Airway and breathing cardiac arrest cases by specialty. ENT, ear nose and throat; Gl, gastrointesitinal; NA, not applicable.
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All reports of eFONA had a predicted difficult airway. We have
not collected data on the technique used, the time taken or

the number of attempts. While, as in NAP4, it would be easy

to conclude that there is a stark difference in patient outcome
when an ENT surgeon is present, this probably hides multiple
confounding factors. In NAP4, all cases undertaken by surgeons
(all involving a scalpel and large tube-based technique) were
‘successful’ but in many cases the anaesthetist maintained the
airway and oxygenation during the procedure, the procedure
took up to an hour in some instances and outcome was not
necessarily favourable. Conversely, when anaesthetists undertook
eFONA [most often with a narrow bore cannula) the technique
failed, but the setting was often one of impending death in which
the anaesthetist had to abandon upper airway management to
undertake eFONA. As such, the two groups are not comparable.
A similar picture emerges in NAP7. In the next year, the Royal
College of Anaesthetists’ eFONA database is expected to launch
and will explore this topic in more detail.

Following NAP4, a joint statement was published regarding
eFONA in the setting of CICO. This explored the relative merits
of securing the airway through the cricothyroid membrane for
anaesthetists and non-head and neck surgeons, while accepting
that, for surgeons experienced in tracheostomy, this might be
expedient (Pracy 2016). A recent study suggested eFONA by
suitably trained anaesthetists may be at least as prompt and
effective at establishing an airway as surgeons who do not have a
head and neck background (Groom 2019). In cases of anticipated
difficult airway, where available, a surgeon experienced in
tracheostomy is likely to be the optimal person to establish
eFONA. Anaesthetists should be trained in eFONA and, despite
its rarity, should be willing and able to undertake eFONA when a
surgeon with specific expert skills is not available.

Unrecognised oesophageal intubation

NAP?7 likely received six reports of unrecognised oesophageal
intubation, two during the Activity Survey, three certain reports
in the registry and a further probable one. Although all three
definite cases of oesophageal intubation leading to cardiac
arrest (unrecognised or delayed according to definition) survived
the event, all experienced severe hypoxaemia and two came

to significant harm. All were judged to be major and avoidable
events.

These incidents were notable for failure to recognise a flat
capnograph trace as an indication of failure of alveolar ventilation
and the need to immediately remove the tube or to exclude
oesophageal intubation. All cases progressed to hypoxaemic
cardiac arrest. It is pertinent to remind readers that cardiac arrest
is an insufficient explanation for a lack of sustained exhaled
carbon dioxide (Chrimes 2022) both during CPR and for a
prolonged period after it has ceased. Such an occurrence should
lead to an assumption of oesophageal intubation and removal
of the tube followed by mask or SGA ventilation, unless there is
a clear reason not to do so (Chrimes 2022). Reasonably prompt

tube removal in the cases reported to NAP7 probably prevented
death, but earlier default removal might have prevented both
cardiac arrest and the harms that did occur.

Although the harm occasioned by unrecognised oesophageal
intubation is less than reported in NAP4 (2 deaths related to
anaesthesia), the number of cases is not (three cases in NAP4).
The problem remains a cause of avoidable patient harm.

Equipment

Although only two cases of cardiac arrest relating to airway
equipment problems were reported, they were both avoidable.
One would have been detected by a circuit check (Magee 2012)
and the other by simple confirmation that the anaesthetic circuit
and the airway to which it was to attach were compatible. Both
would be considered basic standards of care. Circuit checks
before anaesthesia for each case are essential and should be
routine practice (Magee 2012). Similarly, confirmation of the
ability to connect an in situ airway to the anaesthetic circuit
should be sought before induction of anaesthesia. Tracheostomy
sets should contain the appropriate connectors to facilitate
ventilation with standard 15-mm anaesthetic circuits.

Debriefing and impact on staff

In NAP4, it was recommended that debriefing should be
embedded in practice (Cook 2011). Failure to review cases is likely
to mean that individuals and organisations will fail to identify key
lessons and opportunities to improve patient safety. However,
debriefs were infrequent (50%) after events that patients
survived and common (88%) after death at the time of cardiac
arrest. Several eFONAs were undertaken without subsequent
debrief. Failure to debrief after such events misses opportunities
to identify key lessons, share concerns and reinforce positive
aspects of care (Cook 2011). Major airway events are potentially
highly traumatic experiences for the anaesthetist and team
involved and debriefing has much to recommend it ([see Chapter
17 Aftermath and learning). Debriefing all such cases represents
best practice regardless of outcome.

'l

|

<suasTon

IRWAY

225



Airway and respiratory complications

Has airway management become safer
since NAP4¢

NAP7 cannot answer the question whether airway management
has become safer since NAP4 because of major differences in
inclusion criteria, and also the passage of time, meaning that case
mix and anaesthetic practices have changed. There are some
themes evident in the cases reported to NAP7 which echo those
from NAP4. These include the need for airway assessment, the
need for an airway strategy and the high prevalence of head and
neck surgery and patients with obesity in reports, but in all these
regards the number of cases implicated is notably lower in NAP7
than in NAP4. Further, the decrease in cases of fatal aspiration,
major problems with (particularly first-generation) SGAs and the
low number of reports of eFONA are reassuring. In the context
that the surgical population has become higher risk during this
time (higher BMI, older and with more comorbidity), the findings
can be considered reassuring. Finally, that among airway cases
reported to NAP7 (in which cardiac arrest was an inclusion
criterion), mortality was 18%, which is very similar to the 14% in all
anaesthesia cases in NAP4 (in which multiple other criteria were
included) is also reassuring.

Recommendations

National

B Airway managers should be aware of recently published
guidance on unrecognised oesophageal intubation as a core
component of safe airway management and adhere to it.

Institutional

B Infants and neonates should be recognised as a group at
high risk of airway difficulty, during and after surgery and
when critically ill. Departments should make provision for
senior and expert airway care for such patients at all times
of day and night.

B Institutions should ensure that the training facilities and
time exist for anaesthetists to establish and maintain skills
in eFONA.

B Regardless of outcome, all instances where airway
management leads to cardiac arrest should be followed
by debrief and departmental review.

Personal

m Al anaesthetists should recognise that airway and respiratory
management remains a major cause of perioperative cardiac
arrest and engage in education and training that maintains
and develops their airway skills, throughout their career.

B The airway of patients with obesity should be managed as
high risk. This may involve avoidance of general anaesthesia
but requires a strategy and consideration of the risks of
composite airway failure and short safe apnoea time.

B Anaesthetists should treat cases of acute abdomen as high
risk for aspiration, assess the extent of that risk and plan
airway management accordingly. Each airway manager
should decide which elements of RSI they wish to use and
be prepared to justify their use or omission.

m Despite its rarity, anaesthetists need to establish and maintain
the lifesaving skills of eFONA and be willing to use them
promptly when needed, if a more specifically skilled surgical
operator is not immediately available.

B Airway managers who are or may be involved in resuscitation
of the critically ill child should maintain paediatric airway
skills and knowledge of methods to prevent and manage
hypoxaemia and airway difficulty in the critically ill child.

B Anaesthetists should be familiar with all the equipment they
use and ensure both that anaesthetic circuits are working
before use and that all elements of the circuit including the
patient interface are compatible.
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Key findings
B Alittle over half of cases reported to NAP7 as anaphylaxis
were considered to be so by the review panel.

Other causes included isolated severe hypotension,
bronchospasm and oesophageal intubation.

B Severe bronchospasm leading to cardiac arrest was
uncommon, but in one case it led to a reported flat
capnograph despite cardiovascular stability.

B Perioperative anaphylaxis leading to cardiac arrest
occurred with a similar frequency and patterns of
presentation, location, initial rhythm and suspected triggers
in NAP7 as in NAP6.

B Perioperative anaphylaxis was managed with low-dose
intravenous adrenaline most often and this was without
complications in the cases reviewed.

B Outcomes in NAP7 were generally better than for
equivalent cases in NAP6. There was only one death and
survival rate was 97%.

B The most common failing during management of
perioperative anaphylaxis was not starting chest
compressions when systolic blood pressure had fallen
to below 50 mmHg and occasionally even when it was
unrecordable. The Baseline Survey provided further
evidence of reluctance to initiate early cardiopulmonary
resuscitation (CPR).

B The one death occurred in a relatively young patient
in whom chest compressions were delayed and who,
despite surviving resuscitation, died later after developing
multiorgan failure.

B The management of cases was generally good. Care was
judged good more often in NAP7 than it had been in
NAP6, and poor less often than it had been in NAPé.

Report and findings of the 7th National Audit Project Royal College of Anaesthetists

Suspected perioperative anaphylaxis
associated with cardiac arrest

What we already know

NAP7 provides an opportunity to compare data and reflect on
changes that may have occurred since NAPé (Harper 20183,
2018b). NAPé studied life-threatening (grade 3-5) anaphylaxis
(Cook 2018a) and required confirmation of allergy by a specialist
allergy/immunology specialist before it could be reported
(Cook 2018a). Conversely, in NAP7 there was a requirement

for a cardiac arrest (a minimum of five chest compressions
and/or defibrillation) for the case to be included and therefore
NAP7 only included patients meeting the criteria for grade 4-5
anaphylaxis as defined in NAP6.

The NAP7 cohort of cases therefore includes unverified

cases with a presumed diagnosis of anaphylaxis and not all

will be correctly diagnosed by the reporter. Conversely, it is
plausible that not all cases of anaphylaxis occurring in the
NAP6 window were referred for specialist follow-up, correctly
diagnosed and therefore included. Thus, it is likely that NAP6
will have underestimated cases of anaphylaxis and NAP7 may
have overestimated the number of cases. NAP6 estimated

the incidence of life-threatening (grades 3-5) perioperative
anaphylaxis as 1in 11,752 and noted that delayed or incomplete
reporting meant the incidence may be up to 70% higher: around
1in 7000 (Harper 2018¢).

Since NAP6 was published, there have been international
consensus guidelines published on the management of
perioperative anaphylaxis (Garvey 2019, Hopkins 2019) and the
Resuscitation Council UK (RCUK] has published more general
guidelines on management of anaphylaxis (RCUK 2021, whereas
the Association of Anaesthetists has withdrawn its guideline,
although the topic is included in the Quick Reference Handbook
(QRH; Association of Anaesthetists 2022).

Whether adrenaline should be administered intramuscularly or
intravenously for perioperative anaphylaxis is @ matter of some
discussion. It is recognised that adrenaline is a key drug for the
treatment of anaphylaxis but there have been concerns about the
risk of dose-related complications when it is used intravenously,
especially in the elderly (Kawano 2017). Early use of intravenous
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adrenaline is recommended in the NAP6 report (Cook 2018b).
It is also recommended in the consensus statement from the
International Suspected Perioperative Allergic Reaction Group
(Garvey 2019) and in the most recent version of the QRH
(Association of Anaesthetists 2022). Conversely, the RCUK
(2021) guidelines, which are not specifically for perioperative
care, emphasise inframuscular use stating that ‘Inframuscular
adrenaline is the first-line freatment for anaphylaxis (even if
intravenous access is available). The guidance goes on to
describe intravenous administration of adrenaline by those expert
in its use. In NAPé6 there were no complications attributed to
excessive intravenous dosing or drug error with adrenaline.

Intravenous dosing, in the absence of cardiac arrest, is usually
recommended in the range of 10-50 pg, increasing in resistant
cases to 100-200 pg (Garvey 2019, Association of Anaesthetists
2022). In the event of cardiac arrest, recommendations from

all sources align with the Advanced Life Support guidelines
including administration of intravenous adrenaline (Chapter 15
Controversies).

The RCUK has collaborated with the newly formed Perioperative
Allergy Network (https: /www.bsaci.org/about-bsaci/bsaci-

council-and-executive/bsaci-subcommittees/perioperative-

allergy-network) and, although not published at the time of
writing, this will include a specific perioperative algorithm which
promotes early use of IV adrenaline by anaesthetists in cases of
suspected anaphylaxis (personal communication, ] Soar).

The administration of drugs other than vasopressors in the
treatment of anaphylaxis has been deemphasised in recent years
and this includes progressive de-emphasis of the importance of
both antihistamines and corticosteroids in the initial resuscitation
phase (Harper 2018d, Garvey 2019, RCUK 2021).

The threshold blood pressure at which chest compressions
should be started was discussed in NAP6 and a threshold of

a systolic blood pressure (sBP) of 50 mmHg was recommended
(Cook 2018¢). It was emphasised that this should be in concert
with, and not to the detriment, of other treatments. This threshold
has subsequently been adopted by others (Garvey 2019, Harper
2020, RCUK 2021).

In NAPS, in 130 cases (51% of all cases) sBP fell to below
50 mmHg during an episode of perioperative anaphylaxis.
There were 40 cardiac arrests and 10 of these patients died
(Cook 2018¢).

Patients reported in NAP6 who developed cardiac arrest from
perioperative anaphylaxis were female in two thirds of cases; half
developed cardiac arrest in the anaesthetic room and 81% before
surgery started. Cardiovascular presenting features (63%) were
more common than respiratory (28%) including hypotension in
40% of cases and bronchospasm in 20%.

The rhythm at cardiac arrest was pulseless electrical activity (PEA)
in 85% (often preceded by bradycardia), ventricular fibrillation or
tachycardia in 10% (all preceded by tachycardia) and asystole in

5%. There were no episodes of airway compromise, although in
many cases airway management was complete before signs of
anaphylaxis developed.

The mean dose of adrenaline administered was 5 mg. The
median duration of cardiac arrest was five minutes in survivors
but much longer in those who died. Five patents died without
return of spontaneous circulation and five later (overall 25%
mortality rate). Half of survivors required a catecholamine
infusion and 90% were admitted to ICU. There were no episodes
of recurrence of symptoms. ICU stay was an average of two
days. Of 31 survivors, 32% were judged to have been harmed.
Care was judged good in 75% of cases.

In NAP6, compared with patients who survived perioperative
anaphylaxis (including those who survived cardiac arrest), patients
who died were older (50% aged > 65 years, vs 35%), had a
higher ASA score (80% ASA 3-5 vs 28%), were more likely to be
obese (50% vs 34%), have coronary artery disease (50% vs 14%)
and fo be taking a beta blocker (60% vs 17%) or ACE inhibitor
(60% vs 17%) (Cook 2018c). In some ways, perioperative cardiac
arrest may be considered a physiological stress test. Presenting
features, rhythm at cardiac arrest and dose of adrenaline differed
little between those who died and those who had a cardiac arrest
but survived. Care for six patients was judged as good and none
as poor.

What we found

Baseline Survey

In the Baseline Survey, anaesthetists estimated that anaphylaxis
is one of the top four causes of perioperative cardiac arrest
(Chapter 10 Anaesthetists survey). Among the perioperative
cardiac arrests they had most recently attended, anaesthetists
reported anaphylaxis as the second most common cause,
accounting for 10% of cases. The median sBP at which

anaesthetists reported they would start chest compressions was
41-50 mmHg, with a tendency to initiate compressions earlier in
a patient graded ASA 3 than ASA 2 (Chapter 15 Controversies).

Activity Survey

In the Activity Survey, nine cases of suspected anaphylaxis

were reported (1 in 22700), eight during general anaesthesia

and one regional anaesthesia, including seven cases of severe
hypotension and two of severe bronchospasm. Two cases
included cardiac arrest (cardiac arrest rate 1in =12,000), both of
whom survived. As these cases were reported at the point of care
and not subject to classification or verification by clinical review
or investigation, it is likely this estimated incidence is significantly
higher than the true rate.

Case reports

In the registry phase, there were 59 cases in which the reporter
either reported anaphylaxis as the cause of the cardiac arrest or
considered it as a differential diagnosis. Of these 59, the panel
considered 35 (54%) to be a case of anaphylaxis and panel
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confidence in this diagnosis was high in 19, moderate in 14 and
low in 2. Other diagnoses included isolated severe hypotension
(eight cases; 12%), severe hypoxaemia in seven cases (12%),
bronchospasm or obstructive ventilation in five cases (8.4%)
and high neuraxial block in one case (1.5%).

Bronchospasm

There were four cases in which severe bronchospasm was
considered the primary diagnosis rather than anaphylaxis.

All patients recovered after a brief cardiac arrest and did not
require prolonged specific management of bronchospasm

or anaphylaxis. In one case, a patient with airway disease was
reported to have a flat capnograph trace despite initially no
cardiovascular disturbance; this resolved with treatment of
bronchospasm with adrenaline, without removal of the tube.

In another case, oesophageal intubation was a possibility as a
flat capnograph, difficult ventilation and cardiac arrest resolved
with reintubation. All patients survived the cardiac arrest. Three
were discharged without harm or delay and one patient died
postoperatively but it was not clear whether that was related to

the event: this would probably have been an unexpected death.

It was not clear in all cases that tracheal intubation was
a necessary part of general anaesthesia.

A patient with morbid obesity who had multiple
comorbidities developed high airway pressures and
difficult lung ventilation after receiving rocuronium and
tracheal intubation. This was presumed to have been
caused by severe bronchospasm caused by anaphylaxis to
rocuronium. The capnography trace was flat. The patient
became hypoxic and hypotensive. Chest compressions
were started when the systolic blood pressure was less
than 50 mmHg. The patient was reintubated and a total
dose of 100 pg adrenaline was administered. The patient
was successfully resuscitated and survived to hospital
discharge. The NAP7 panel opinion was that this patient’s
deterioration was most likely due to a misplaced tracheal
tube and not anaphylaxis.

Non-anaphylaxis

In the 26 cases with an erroneous or unlikely diagnosis of
anaphylaxis, care before cardiac arrest was judged good by
the panel in seven (27%] cases and poor in three (23%). Overall
care was judged good in 45% of cases but 35% had elements
of poor care and there were further high levels of uncertainty.
Three (12%) of these patients died and four (15%) were harmed:

27% in all were harmed or died. None of the deaths were judged

inevitable. In 16 of these cases, panel confidence in diagnosis
was low.

A middle-aged healthy patient having elective surgery
became profoundly hypotensive and bradycardic with a
rash following spinal and general anaesthesia. Anaphylaxis
was suspected and the patient was treated with incremental
doses of adrenaline and required an adrenaline infusion.
Chest compressions were started after about 10 minutes
and the patient was resuscitated successfully and survived
to go home. The patient’s mast cell tryptase level was not
raised, and the Local Coordinator’s view was that this was
a case of severe vasodilatory hypotension caused by the
anaesthetic.

Anaphylaxis

The 33 cases judged to be anaphylaxis with high or moderate
confidence form the basis of further analysis in this chapter. For
12 cases, a confirmatory tryptase result was available at the time
of reporting and for 21 it was not.

A patient undergoing elective surgery had a PEA

cardiac arrest following a dose of co-amoxiclav. Chest
compressions were started due to a very low end-tidal
CQO, value, and the airway was changed to a tracheal tube.
A total dose of intravenous adrenaline 1-2 mg was given
during cardiac arrest. The patient required ICU admission
and made a good recovery. The patient’s mast cell tryptase
was raised. The NAP7 panel judged that the management
of the cardiac arrest and the patient follow up was good.

Compared with the Activity Survey, patients experiencing
anaphylaxis were more likely to be obese, aged 66-75 years,
without frailty and undergoing elective surgery but these may
be statistical quirks. There was no particular pattern in terms of
patient sex, ethnicity, ASA score or timing of surgery. The cases
were spread across 15 different surgical specialties, with none
especially prominent.

Twenty-four (72%) cases presented at induction or soon after,
before surgery started (Figure 22.1). Three cases (9%) occurred
in the absence of general anaesthesia. One case (3%) occurred
after surgery. Anaphylaxis was more likely to occur in the
anaesthetic room than were other causes of cardiac arrest (30%
vs 10%) and four (13%) occurred in potentially isolated locations.
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Figure 22.1 Perioperative timing of cardiac arrest due to anaphylaxis. GA, general anaesthetic; LA, local anaesthetic; RA, regional anaesthetic.
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In 31(94%) cardiac arrests the initial rhythm was PEA (compared
with 52% of all NAP7 cardiac arrests), with one (3%) each

of severe bradycardia and pulseless ventricular tachycardia:

a distribution very similar to NAPé. Four patients received
defibrillation. Duration of cardiac arrest was similar to that of
the whole NAP7 population with 21(64%) lasting less than 10
minutes and 15% longer than 20 minutes. In a small number of
cases there was a delay in starting chest compressions when the
systolic blood pressure was less than 50 mmHg and once even
when it was unrecordable.

Dosing of adrenaline varied significantly, but in most cases was
given in 50-100 pg aliquots with good effect. Doses of up to

9 mg were required. Total doses ranged 0.8-9 mg, median

2 mg (interquartile range 1.5-3 mg). There were no reports

of arrhythmias or other complications of the administration

of intravenous adrenaline for management of perioperative
anaphylaxis. In one case, a relatively healthy patient showed
signs of anaphylaxis shortly after induction of anaesthesia.

The patient received intramuscular adrenaline but this did not
prevent decline to cardiac arrest. When modest dose intravenous
adrenaline was administered recovery was prompt and the panel
judged that earlier intravenous adrenaline might have prevented
the cardiac arrest.

All 33 patients were successfully resuscitated. All patients were
admitted to a high-dependency care area after the event, the
vast majority with an unplanned admission to ICU. Duration

of ICU stay was most commonly one to three days but in
several cases it exceeded a week. Physical consequences of
perioperative anaphylaxis were relatively few, although reports
included cases of prolonged ICU stay, acute kidney injury,

the need for coronary stenting and mood changes requiring

psychological support. Recovery was generally good; only two
patients were reported to have an increase in their Modified
Rankin Scale of disability at discharge.

The one death occurred in a moderately healthy patient: CPR
was not started immediately when systolic blood pressure fell
below 50 mmHg. The patient survived resuscitation but required
vasopressor support, admission to [CU and died of complications
of multiorgan support.

Compared with other causes of cardiac arrest, anaphylaxis had

a higher rate of survival both at initial resuscitation (100% vs 75%)
and (when these data were available) at discharge from hospital
(24 of 25; 96%, vs 52% overall). Cases of anaphylaxis induced
cardiac arrest had a higher survival rate in NAP7 than in NAPé:
in NAP7 33 (100%) patients were resuscitated successfully and
32 (97%) survived to the point of reporting to NAP7, compared
with, in NAP6, 85% and 75%, respectively.

Of 24 patients with a final reported outcome, 20 (83%)
experienced no harm beyond delayed discharge, which is a
similar proportion to all cases in NAP6 (79%). Of these 24 with a
final reported outcome, one patient died and three came to harm
(total 16%) whereas among NAPé patients who experienced
cardiac arrest 50% came to harm or died, as did 53% of all cases
reported to NAP7.

Care was rated good or poor, before cardiac arrest in 79% and
0%, respectively, during the arrest in 88% and 0%, respectively,
and after cardiac arrest in 88% and 0%, respectively. Overall
quality of care was rated as good in 79% and poor in 0%. Overall
care during anaphylaxis cases was rated good more often than

in all NAP7 cases (52%) and poor in fewer cases than in all NAP7
cases (2%).
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In 16 cases, a trigger agent was proposed: an antibiotic in 62%
(co-amoxiclav in six, teicoplanin in three cases), a neuromuscular
blocking drug in 31% (most commonly rocuronium) and
sugammadex in one (6.2%).

No cases occurred due to drug error (eg administering a drug
to a patient known to be allergic to that drug). In one case, after
a previous collapse following administration of an antibiotic,

an elevated tryptase was recorded but this was not acted

on. Subsequent administration of a related antibiotic led to
perioperative anaphylaxis and cardiac arrest requiring relatively
brief CPR. In another case, administration of an antibiotic was
followed by anaphylaxis, cardiac arrest and a hospital admission
lasting more than a week. A previous antibiotic-related rash was
not declared by the patient before surgery but was subsequently
identified in general practice notes.

Debriefing after cardiac arrest due to anaphylaxis was completed
in 57% of cases and planned for a later date in 17%, compared
with all NAP7 cases, 52% and 8.5%, respectively.

Discussion

The case registry identified 33 cases of cardiac arrest due to
suspected perioperative anaphylaxis in NAP7 over the one-year
reporting period, which is highly consistent with the 40 cases
reported to NAP6, when taking account of the estimated 15%
fall in surgical activity between the NAP6 Activity Survey (Kemp
2018) and the NAP7 Activity Survey (Chapter 11 The NAP7
Activity Survey). Anaphylaxis accounted for 33 (3.7%) of 881
cases of perioperative cardiac arrest and in the review panel’s
causes of cardiac arrest was the seventh most common cause.

The panel disagreed with the reporter’s opinion that cardiac
arrest was caused by anaphylaxis in about half of reported
cases. We used panel consensus to determine this and did

not use a formal diagnostic likelihood score (eg Hopkins 2019)
as the data available in the case review form was sometimes
insufficiently complete for this. In all of the cases not judged to
be anaphylaxis, the panel identified another significantly more
likely cause of the patient’s deterioration and cardiac arrest and
in these cases quality of care was notably poorer than in other
NAP7 cases.

Anaesthetists appear to overestimate the frequency of
anaphylaxis as a cause of perioperative cardiac arrest. In the
Baseline Survey, anaesthetists ranked it among the top four
most common causes, but in cases reported to NAP7 it was the
seventh most frequent cause. In the Activity Survey anaesthetists
suggested anaphylaxis accounted for 10% of perioperative
cardiac arrests but the panel judged it was a cause of only

3.7% of cases reported to NAP7. It is likely hypotension due to
anaesthetic technique and patient status, isolated bronchospasm
and airway complications may be incorrectly diagnosed as
anaphylaxis. This highlights the importance of considering other
diagnoses at the time of perioperative cardiac arrest and of
serial measurement of mast cell tryptase to confirm or refute the
presumed diagnosis.

Similarities in patterns of timing, location, initial cardiac rhythm
and precipitants between cases of perioperative cardiac arrest
reported to NAP7 and those reported in NAPé, suggest
consistency between projects.

Anaphylaxis leading to cardiac arrest occurred in the absence

of general anaesthesia, postoperatively and in isolated locations
where anaesthetists may work as solo operator, reminding us that
all anaesthetists should be expert in the management of both
anaphylaxis and cardiac arrest.

Two cases of anaphylaxis appear to have been avoidable. In one
case, better processes and follow-up should have identified the
cause of a previous anaphylactic event and elevated mast cell
tryptase. Had this been followed up, it is likely that investigation
would have led to identification of a trigger agent and avoidance
of a cardiac arrest during a subsequent anaesthetic. In the
second case, information about allergies differed between
hospital and general practice notes, highlighting the potential
value of integrated digital notes accessible across healthcare
sectors.

Before cardiac arrest occurred, adrenaline was generally
administered intravenously in doses ranging from 50 to 100 pg.
Intramuscular adrenaline was sometimes co-administered. During
prolonged cardiac arrest, standard dosing for that situation

was the norm. There were no complications associated with
intravenous adrenaline administration, but there was one case of
anaphylaxis progressing from moderate hypotension to cardiac
arrest when only intframuscular adrenaline was administered.

In this case, the panel judged that cardiac arrest would likely
have been avoided by early use of intravenous adrenaline. A
recent Japanese study of less severe perioperative anaphylaxis
(43 cases, only 2 with cardiac arrest) reported more rapid and
sustained improvements in cardiovascular parameters when
adrenaline was given intravenously rather than intframuscularly
(Suigiyama 2023). The accompanying editorial also advocated
for intravenous over intramuscular administration (Savic 2023).

Although care was generally rated as good, delays in starting
CPR were relatively common and drew criticism from the
panel. These included not starting CPR when the systolic

blood pressure was less than 50 mmHg and even occasionally
when it was unrecordable. Although this has echoes of NAPé,
which reported poor care in 24% of patients with profound
hypotension, care was not reported as poor in any NAP7
cases. Of note, for the one patient who died of perioperative
anaphylaxis in this series there was delay in starting CPR and
despite initial resuscitation being successful, the patient died after
developing multiorgan failure. The topic of when to start CPRis
also discussed in Chapter 10 Anaesthetists’ Baseline Survey and
Chapter 15 Controversies.

232



Anaphylaxis

Rating of care quality in NAP7 was generally improved compared
to NAPé6: with 80% good care (NAPé 43%) and 0% poor care
(NAP6 16%). Outcomes from perioperative cardiac arrest due to
anaphylaxis also appeared better in NAP7 than in NAPé, with a
97% survival rate in NAP7 compared with 75% in NAP6.

Overall, compared with NAP6, NAP7 data suggests
improvements in care of patients with cardiac arrest due to
anaphylaxis and improved outcomes.

Recommendations

National

B National guidance should be coordinated so that guidance
from the Resuscitation Council UK, the Quick Reference
Handbook of the Association of Anaesthetists, and
Perioperative Allergy Network are consistent for the route
and initial dose of adrenaline to administer for perioperative
anaphylaxis.

Institutional

B Organisations should have a mechanism to ensure abnormal
tryptase results are flagged to the requesting clinician, to
minimise the risk of avoidable anaphylaxis in the future.

m Digital solutions should ensure recording of all allergies is
consistent across all healthcare records and accessible to
clinical staff.

B Departments of anaesthesia should have protocols for
the detection, management and referral for investigation
of perioperative anaphylaxis. These should be readily
accessible to all departmental members, widely disseminated
and kept up to date.

Individual

m Al clinical staff who deliver anaesthesia should be skilled in
management of perioperative anaphylaxis and cardiac arrest.

m Al clinical staff who deliver anaesthesia should be expert
in the administration of intravenous adrenaline, both in
low dose bolus and as an infusion, for the management of
perioperative anaphylaxis.

B Chest compressions should be started if the systolic
blood pressure falls and remains below 50 mmHg during
anaesthesia in an adult, in addition to standard treatments
for anaphylaxis.
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Key findings

Report and findings of the 7th National Audit Project Royal College of Anaesthetists

Major haemorrhage was the primary cause or major
contributory cause of 167 (19%) of 881 cardiac arrests
reported to the Seventh National Audit Project (NAP7).

Of these, 153 (92%) were adults (age > 18 years) and 14
(8.4%) were children.

Major haemorrhage occurred in 1% (95% confidence
interval, Cl, 0.9-1.2%) of all cases in the NAP7 UK hospital
Activity Survey and was therefore notably overrepresented
in the NAP7 cardiac arrest data set.

The incidence of cardiac arrest from major haemorrhage
is 0.62 per 10,000 (95% CI 0.5-0.7) patients undergoing
anaesthesia care.

More than half (55%) of these patients had died at the time
of panel review. In 52% of these cases this was judged the

result of an inexorable process. A further 23 (14%) patients
sustained severe harm.

The often emergent nature of this pathology is represented
by 57% of patients requiring immediate surgery (compared
with 19% in the whole cardiac arrest dataset).

Twenty-eight (17%) cardiac arrests related to major
haemorrhage occurred during elective procedures.

The majority of cardiac arrests occurred in the operating
theatre (71%) and half (52%) during the surgical procedure.
Cardiac arrest occurred in the emergency department in
eight cases (4.8%).

Of the major haemorrhage cases, 14 (8.4%) were
associated with major trauma, accounting for 1.6% of 881
cases of cardiac arrest in the full data set.

The specialties most represented in adult cases were
vascular surgery (27% of cases) and gastroenterology
combined with upper and lower gastrointestinal surgery
(22%).

Major haemorrhage was a major cause in 10% of cardiac
arrests in elective cases and 22% in non-elective cases.

Perioperative cardiac arrest associated
with major haemorrhage

B Eleven cases of cardiac arrest from major haemorrhage
occurred during minor surgery or procedures, of which
six were endoscopy cases (five upper and one lower
gastrointestinal endoscopy).

B The rhythm was pulseless electrical activity (PEA),
bradycardia or asystole in 85%.

B Patient factors were deemed to be a key cause in 84% of
cases, followed by surgery in 48% of cases and anaesthesia
in 16%.

B Mortality was relatively high: in 57 cases (35%) initial
resuscitation was not successful (vs 21% in cardiac arrests
from other causes) and 56% died before report to NAP7
(vs 36% in other causes of cardiac arrest).

B While care was judged to be good in 84% of cases during
and after cardiac arrest, care before cardiac arrest was
good in just 53%.

What we already know

There are a variety of definitions of major haemorrhage but

a recent pragmatic definition is bleeding, which (in an adult) leads
to a systolic blood pressure of less than 90 mmHg or a heart rate
higher than 110 beats/minute (Shah 2023|. Previous investigators
have documented severe haemorrhage as a common cause of
intraoperative cardiac arrest. In a series of 223 perioperative
cardiac arrests from the Mayo Clinic during 1990 to 2000, 35%
were judged to be related to bleeding, with 44% were attributed
to cardiac causes (Sprung 2003). Among a series of 50
intraoperative cardiac arrests reported from Korea, haemorrhagic
shock was the cause in 46% (Hur 2017). An analysis of the
American College of Surgeons National Surgical Quality
Improvement Program database documented an incidence of
intraoperative cardiac arrest of 7.22 per 10,000 operations and
46% of these cases were associated with intraoperative red
blood cell transfusion of four or more units (Goswami 2012).
Major haemorrhage protocols are now a standard of care in all
acute hospitals (Stanworth 2022) and initial resuscitation with
blood products will follow standard algorithms. Continuing blood
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product management is now guided increasingly by point of
care viscoelastic haemostatic assays (eg thromboelastography
or rotational thromboelastometry (Shah 2023).

What we found

Baseline Survey

Major haemorrhage was the top cause of the most recently
attended cardiac arrest by anaesthetists in the Baseline Survey
and accounted for 20% of cases (Chapter 10 Anaesthetists

Survey).

Activity Survey

There were 248 (1%) cases of major haemorrhage in the Activity
Survey (n = 24,172); 135 cases occurred during 16,739 general
anaesthetics, 7 during 2,279 cases with sedation and 106 during
4,355 awake procedures, including obstetric care.

Figure 23.1 Age distribution in cardiac arrest cases due to major
haemorrhage and in NAP7 Activity Survey cases. The blue bars represent
cases and the purple line Activity Survey caseload. A blue bar
substantially above the line indicates overrepresentation of that feature
and below the line underrepresentation.
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Vascular surgery accounted for the
greatest proportion of cardiac arrests
associated with major haemorrhage (see

Case review

Cases of cardiac arrest due to major haemorrhage
compared with the Activity Survey

These data refer to adult non-obstetric patients only (153), with
paediatric and obstetric cases in separate chapters (Chapter 27
Paediatrics and Chapter 34 Obstetrics).

There was a preponderance of male patients in the major
haemorrhage group (67%) compared with the Activity Survey
(46%). Some 30% of these patients were over 75 years,
compared with 17% in the Activity Survey (Figure 23.1). The
distribution of body mass index (BMI) values was similar to those
in the Activity Survey as was ethnicity (84% white). There was a
striking increase in ASA grades in the major haemorrhage group
compared with the Activity Survey (ASA 4 in 35% vs 4.5% and
ASA 5 20% vs 0.3%; Figure 23.2).

Figure 23.2 ASA distribution in cardiac arrest cases due to major
haemorrhage and in NAP7. The blue bars represent cases and the
purple line Activity Survey caseload. A blue bar substantially above
the line indicates overrepresentation of that feature and below the line
underrepresentation.
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Table 23.1 Main subspecialties accounting for cardiac arrest due to major haemorrhage compared with
the proportion of caseload in the NAP7 Activity Survey

also Chapter 35 Vascular surgery) with the Car'diac el i b Activity
other highest ranked specialties listed in 7 major haemorrhage Survey Sese
Table 2311 load (%)
Vascular 39 23.4 2.3 10
More of these cases occurred at Gastroenterology ) a4 09 93
weekends, 20% compared with just 8.5% o
of Activity Survey cases (Figure 23.3). Lower gastrointestinal 10 60 > 10
There was also increased activity in the Upper gastrointestinal / 4.2 27 16
evening (17% vs 3.9%) and at night (22% Cardiac surgery 8 4.8 !
vs 1.7%; Figure 23.4). Thoracic surgery 6 3.6 1
Urology 7 4.2 10 04
Obstetrics 7 4.2 13 0.3
Neurosurgery 5 3.0 23 1.3
Other (including 10 unknown) 50 30 62.6 0.5
Paediatric (all) 14 8.2 4.3 0.6
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Figure 23.3 Day of procedure of cardiac arrest cases due to major
haemorrhage and in NAP7 Activity Survey cases. The blue bars
represent cases and the purple line Activity Survey caseload. A blue bar
substantially above the line indicates overrepresentation of that feature
and below the line underrepresentation.
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Figure 23.5 Urgency of surgery in cardiac arrest cases due to major
haemorrhage and in NAP7 Activity Survey cases. The blue bars
represent cases and the purple line Activity Survey caseload. A blue bar
substantially above the line indicates overrepresentation of that feature
and below the line underrepresentation.
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Urgency of surgery was ‘immediate’ in 55% (vs 1.3% of Activity
Survey data) and ‘urgent’ in 19% (vs 15%). Of cardiac arrests
associated with major haemorrhage, 20% (n = 27) occurred

in adult elective cases compared with 68% of Activity Survey
cases (Figure 23.5). Surgery was graded major or complex in
73%: more than twice the Activity Survey frequency (31%; Figure
23.6). Minor surgery accounted for 7.7% of cases, a significant
proportion of which were endoscopies for gastrointestinal
bleeding. The mode of anaesthesia was general anaesthesia

in 79%, slightly more than the 68% in the Activity Survey.

Cases of cardiac arrest due to major haemorrhage
compared with other cases of cardiac arrest

The data in this section include adults and children. Major
haemorrhage accounted for 167 (19%) of all the cardiac arrests
reported to NAP7 as either the primary cause (149; 89%) or a
contributary cause (18; 11%).

Figure 23.4 Time of day of surgery in cardiac arrest cases due to

major haemorrhage and in NAP7 Activity Survey cases. The blue bars
represent cases and the purple line Activity Survey caseload. A blue bar
substantially above the line indicates overrepresentation of that feature
and below the line underrepresentation.
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Figure 23.6 Grade of surgery of cardiac arrest cases due to major
haemorrhage and in NAP7 Activity Survey cases. The blue bars
represent cases and the purple line Activity Survey caseload. A blue bar
substantially above the line indicates overrepresentation of that feature
and below the line underrepresentation.
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Males were overrepresented in the major haemorrhage cardiac
arrests (68% vs 54% in all other cardiac arrests). Only 6.6% of
major haemorrhage cases had a BMI over 35 kg m—2 compared
with 12.4% in all other cardiac arrests, although some data
were missing. In the major haemorrhage group, there was an
overrepresentation of ASA 4 (33% vs 28%) and especially of
ASA 5 (20% vs 4.6%). There was no difference in frailty scores
or modified Rankin Scale. The proportion with a do not attempt
cardiopulmonary resuscitation (DNACPR) recommendation
was similar to other cardiac arrest cases, with 95% having no
recommendation.

Urgency of surgery was immediate priority in 49% compared
with 12% in all other cardiac arrests. In major haemorrhage
cardiac arrest occurred during the actual surgery more
commonly than cardiac arrest from other causes (50% vs 30%).
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Most (118, 71%) cases occurred in main
theatres with eight (4.8%) cases in the

emergency department. Initial rhythms
are detailed in Table 23.2, with PEA

Table 23.2 Initial cardiac arrest rhythms in those cases caused by major haemorrhage compared
with other causes. AED, automated external defibrillator.

Other causes of cardiac

Major haemorrhage

accounting for the majority. Defibrillation (n=167) arrest n = 714)
was used in 31(19%) cases, similar to non- (%) (%)
haemorrhage cases (17%). CPR perhaps Asystole [l 6.6 125 18
lasted longer than in non-haemorrhage Bradycardia 10 6.0 no %
cases, lasting less than 10 minutes in Pulseless electrical activity 121 72 335 47
90 (54%) cases compared with 70% in Pulseless ventricular 10 6 39 5.5
cardiac arrests from other causes, and the tachycardia

longest lasting over two hours. Unknown 38 48 44 51
There were more deaths as the initial Ventricular fibrillation 4.2 50 70
outcome in this group, 35% compared AED used (non-shockable) 0 0 2 02

with 21% among other causes, and more

deaths as the hospital outcome (56% vs
36%).

A debrief was performed in 45% of cardiac arrests caused by
major haemorrhage (in 36% of those who survived the initial
event and 63% of those who died); it was not done and not
planned in 34%, planned in 8%, and unknown in 13%.

Hospital outcome was available for 81% of those who survived
the initial event; 44% were alive at hospital discharge, 37% had
died and 19% were still in hospital.

Panel review

Information on drugs given before and during cardiac arrest was
incomplete in many of the case forms. From what was recorded
in adult patients only, tranexamic acid, calcium and vasopressors
were given as shown in Table 23.3. While blood products were
given during each case, the amount, ratios of different blood
products and the timing of such are not available.

Table 23.3 Use of tranexamic acid, calcium and vasopressors before and
during cardiac arrest in major haemorrhage patients. Note that data

are incomplete, meaning that we report cases where drugs were known
to be used but it is likely these drugs were used in other cases but their
use not captured (n = 167).

Given before Given during

Drug cardiac arrest cardiac arrest
Tranexamic acid 37 1(0 given before)
Calcium 33 27 of which 4 also
before)
Metaraminol 63 1 (also before)
Noradrenaline 38 114 also before)
Ephedrine 13 2 (1 also before)
Vasopressin 4 -
Phenylephrine 10 1(0 given before)

Information on the use of point of care coagulation testing

(eg thromboelastogram, rotational thromboelastometry, activated
clotting time) is also limited; it was definitely used in 26 of the
153 (17%) cases before cardiac arrest, but we lack information for
during cardiac arrest.

Masjor trauma

Major trauma accounted for 14 (8.4%) of 167 cases within

the major haemorrhage cohort, with blunt and penetrating
trauma both represented. Some 8 patients were 25 years or
younger (including three aged < 18 years), a similar proportion

in this age range as for all other cardiac arrests (4.8% vs 4.1%).
Twelve patients were male. Four had a cardiac arrest in the
emergency department. Six patients died without successful
initial resuscitation and at the time of review nine patients had
died, with six of these deaths judged the result of an inexorable
process. Care was considered good in 71% before cardiac arrest,
in 79% during and in 86% after cardiac arrest. A debrief was
performed in nine cases, although the NAP7 panel considered
that & debrief should also have been conducted in the remainder,
especially owing to the nature of the cases.

Vascular

There were 39 (27%) cases of cardiac arrest caused by major
haemorrhage related to vascular surgery or pathology. For
further details relating to these cases, see Chapter 35 Vascular

surgery.

A patient for repair of a ruptured abdominal aortic
aneurysm had blood product resuscitation and invasive line
insertion in the operating room. Induction with propofol,
fentanyl and rocuronium was followed by PEA cardiac
arrest; return of spontaneous circulation (ROSC) was
achieved after three cycles of CPR.
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Gastroenterology

Fourteen (8.4%) cases of cardiac arrest caused by

major haemorrhage occurred in patients undergoing a
gastroenterology procedure. The procedure performed was

an oesophagogastroduodenoscopy (OGD) in 13 cases and
endoscopic retrograde cholangiopancreatography (ERCP) in
one. All patients except one were ASA 3-5, predominantly ASA
4. Eleven patients were aged 55 years or more. Twelve arrests
occurred in main theatres, with one OGD and the ERCP in the
endoscopy suite. Three patients were induced in an anaesthetic
room, despite the potentially unstable nature of these cases.
Propofol was used for induction of anaesthesia in eight and
ketamine in six, with one patient receiving both. Six patients died
at the time of the event, four in the following few days and one
after 30 days, with only three patients who survived. The NAP7
panel concluded that death was the result of an inexorable
process in five and partially so in three.

Elective cases

Of the 167 major haemorrhage-related cardiac arrests, 28

(17%) occurred in patients undergoing elective procedures with
haemorrhage the primary cause of cardiac arrest. In a further
eight cases, major haemorrhage was a major contributory factor.
These 36 cases accounted for 4.1% of all 881 cardiac arrests in
the full NAP7 dataset and 9.7% of 371 cardiac arrests in elective
adult patients in NAP7. This contrasts with major haemorrhage
contributing to 99 (22%) of 441 non-elective adult cardiac
arrests.

Most of the 28 patients with haemorrhage as a primary cause of
cardiac arrest during elective surgery were ASA 3-5 (63%) and
were undergoing major or complex surgery (82%) with general
anaesthesia (83%), with or without neuraxial block, on a weekday
(93%) during working hours (75%). A variety of surgical specialties
were involved, including cardiac, vascular and urology. Only one
patient had 8 DNACPR recommendation or treatment limitation
in place.

Seventeen (61%) cardiac arrests were during surgery. In several
cases, the major haemorrhage was caused by direct vascular
injury, including during laparoscopic surgery. Two-thirds of
cardiac arrests occurred in a main theatre suite, but one-third
occurred postoperatively: one en-route to recovery, one in
recovery and seven after leaving recovery. Two cases occurred
in radiology.

The predominant initial rhythm was PEA (22; 79%) compared
with 51% in all other cardiac arrests (including non-elective
haemorrhage). Eighteen (67%) cardiac arrests lasted 10 minutes
or longer (similar to other cardiac arrest causes).

Five patients (18%) died at the time of the event and eight (29%]
patients at the time of reporting to NAP7: in only one patient
was this deemed the result of a partially inexorable process. Six
patients experienced severe harm.

A debrief was performed or planned in only 50% of cases. This is
surprising for a group of patients undergoing elective surgery, in
whom a cardiac arrest was presumably not expected, and where
deaths were not part of an inexorable process.

Care was considered good in 50% of these cases before cardiac
arrest, 82% during and 93% after cardiac arrest.

Discussion

Major haemorrhage was the primary cause of cardiac arrest

in 149 (17%) of the 881 NAP7 cases and was cited as a secondary
cause in a further 18 cases; thus, major haemorrhage contributed
to cardiac arrest in 167 (19%) of all cases. Although we have
identified major haemorrhage as the leading cause

of perioperative cardiac arrest, in comparison with previous
studies (Sprung 2003; Hur 2017; Goswami 2012) this is a smaller
proportion. Previous studies have been retrospective analyses of
routinely collected data and it is likely that the prospective
design of the NAP7 project will have captured far more
perioperative cardiac arrests that may have been missed by
other studies.

In several cases, the local reports and/or panel members
opined that the extent of hypovolaemia had been grossly
underestimated.

A young adult required anaesthesia for post-tonsillectomy
bleeding. Their blood pressure was maintained but they
were markedly tachycardiac (heart rate > 140 beats/
minute) before induction. Anaesthesia was induced in the
anaesthetic room with standard doses of propofol, fentany!
and rocuronium. This was followed immediately by a PEA
cardiac arrest. ROSC was achieved after a brief period

of CPR.

The priority in major haemorrhage is to stop the bleeding and

in many of the NAP7 cases anaesthesia was being undertaken
primarily to enable surgical intervention to control haemorrhage
(eg ruptured abdominal aortic aneurysm). In other cases,
bleeding occurred as a complication of the surgical procedure.
Regardless of whether major bleeding is the primary problem

or secondary to the surgical procedure, some cardiac output
must be maintained until bleeding can be controlled and
intravascular volume restored. The challenge is that inducing
and/or maintaining anaesthesia in the presence of hypovolaemia
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is likely to cause severe hypotension, yet attempts to restore
circulating volume and a normal blood pressure before bleeding
is controlled may be harmful because it will exacerbate blood
loss. The anaesthetist may have to balance tolerance of

some hypovolaemia and hypotension with sufficient volume
replacement to prevent profound hypotension and cardiac arrest.
In these circumstances, vasopressors, particularly metaraminol,
are often infused to maintain blood pressure. However,

infusing high doses of vasopressors in the presence of severe
hypovolaemia can cause a substantial reduction in cardiac output
and can worsen tissue ischaemia and lactic acidosis. Recent
European guidelines on the management of major bleeding
following trauma recommend that, until bleeding is controlled,

if a restricted volume replacement strategy does not achieve

a blood pressure of 80 mmHg systolic or greater, an infusion

of noradrenaline should be used to maintain tissue perfusion
(Rossaint 2023). Increasing adoption of protocols for the use of
peripheral intravenous noradrenaline will enable a noradrenaline
infusion to be started before central venous access has been
achieved (Clark 2020). In some NAP7 cases, panel members
were concerned that high doses of vasopressors had been used
at the expense of adequate volume resuscitation.

A moderately comorbid and frail patient underwent
orthopaedic surgery with spinal anaesthesia. A metaraminol
infusion was in place to support blood pressure. Later,
significant intraoperative bleeding caused haemodynamic
instability and the dose of metaraminol was increased. PEA
cardiac arrest followed and required prolonged CPR before
ROSC was achieved. On-table echocardiography showed
an underfilled left ventricle.

The use of ketamine instead of propofol for induction of
anaesthesia is generally considered to cause less hypotension
but there is little proof for this theory from prospective trials.

A retrospective study comparing ketamine with propofol for
inducing anaesthesia in tfrauma patients documented a greater
reduction in systolic blood pressure with propofol, but this was

not statistically different (Breindahl 2021). In several NAP7 cases,
the panel was critical of the use of propofol in patients with major
haemorrhage, instead suggesting that ketamine would have been
more appropriate. It was noted that hindsight bias and outcome
bias might influence these views, but panel review emphasised
the potential value of avoidance of propofol, particularly in
standard or rapidly administered doses in hypovolaemic patients.

Recommendations

National

m  Allinstitutions should have protocols and facilities for
managing predictable perioperative complications occurring
during anaesthesia both in the main operating theatres and
remote locations, including protocols for:

= haemorrhage
= cardiac arrest

= all clinical staff who deliver anaesthesia autonomously
should be trained, skilled and practiced in the
management of these emergencies.

B The establishment of a national standard for formal
debriefing in the event of perioperative cardiac arrests
should be developed to encourage the use of this tool when
deemed appropriate.

Institutional

B Institutions that might manage patients with major
haemorrhage either as presentation or complication of
procedures should have a standardised major haemorrhage
protocol in place.

B Institutions managing major haemorrhage from whatever
cause should provide training in major haemorrhage
protocols and the recognition and management of major
haemorrhage in the perioperative setting. This training
should include major haemorrhage drills and debriefs that
emphasise the importance of communication and processes
for activation of major haemorrhage protocols and rapid
access to blood products.

B Institutions managing patients with major haemorrhage
from whatever cause should have point of care viscoelastic
haemostatic assays (eg thromboelastography| available for
clinical use and should provide training in its application
and interpretation.

B Institutions should provide guidance documents on the use
of appropriate anaesthetic drugs for the induction of general
anaesthesia in major haemorrhage patients.

B Institutions managing patients with major gastrointestinal
bleeding should provide guidance on the appropriate choice
of location within the hospital for managing emergency
endoscopy (eg main theatres vs an endoscopy unit).
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Individual

B Anaesthetists should be competent in the choice of
appropriate induction drugs and techniques for general
anaesthesia in the face of hypovolaemia secondary to
major haemorrhage.

B Anaesthetists should be competent in the recognition and
adequate resuscitation of major haemorrhage, and major
haemorrhage should be included in hospital mandatory
fraining programmes.

B Anaesthetists should remain up to date with current

recommendations in the management of major
haemorrhage.

Research

B Further research should be performed in the use of
anaesthetic induction drugs for patients who have had
major haemorrhage.

09:21
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Perioperative bradycardia
and tachyarrhythmia

Jasmeet Soar Andrew Kane

Key findings
B Severe bradycardia (heart rate less than 30/minute) is

uncommon, occurring in 1in 450 (0.22%) of all anaesthesia
cases in the NAP7 Activity Survey.

B Severe bradycardia during laparoscopy occurred more
often but was also uncommon, occurring in 1in 180 (0.55%)
of laparoscopic cases in the NAP7 Activity Survey.

B A vagal bradycardia progressing to cardiac arrest is very
rare and occurred in about 1in 50,000 cases based on the
NAP7 annual anaesthetic workload estimate of 2.71 million
cases.

B A bradycardia progressing to cardiac arrest during
insufflation for gynaecological laparoscopy and requiring
chest compressions occurred in about 1in 4,500 cases
based on the NAP7 annual anaesthetic gynaecological
laparoscopy workload estimate of 66,000 cases. All these
patients survived.

B For all cardiac arrests associated with bradycardia, 74%
survived to hospital discharge compared with 37% for all
non-bradycardia associated cardiac arrests in NAP7.

B Tachyarrhythmias (new-onset atrial fibrillation (AF),
rapid AF, ventricular tachycardia, VT, or supraventricular
tachycardia, SVT) are uncommon during anaesthesis,
occurring in Tin 550 (0.19%) of all anaesthesia cases in the
NAP7 Activity Survey.

B Tachyarrhythmia associated with the cardiac arrest is very
rare and occurred in about 1in 50,000 cases based on the
NAP7 annual anaesthetic workload estimate of 2.71 million
cases.

What we already know

Arrhythmias (bradycardia and tachyarrhythmia) occurring during
anaesthesia are relatively common but usually not life threatening
and rarely require specific treatment. In a study of 17,201 patients
having general anaesthesia with volatile drugs, published in

1990, arrhythmia (atrial, nodal, ventricular) occurred in 10.9%

of cases, bradycardia in 18.9%, and tachycardia in 40.9%, and

they rarely caused patient harm (Forrest 1990). This study is old,
and the anaesthetic techniques used (halothane, enflurane or
isoflurane) did not include total intravenous anaesthesia with
propofol or newer drugs (eg sevoflurane, remifentanil). It is
likely that arrhythmias are now less common, particularly in the
absence of halothane, which is associated with a high incidence
of arrhythmias.

The Australian Incident Monitoring Study database identified

12 cases of cardiac arrest associated with insufflation for
pneumoperitoneum, with bradycardia preceding 9 of these cases
(Yong 2015). All patients required cardiopulmonary resuscitation
and survived. The authors recommended early recognition of
bradycardia, deflation of the pneumoperitoneum and atropine
as the key interventions to prevent cardiac arrest. In an Israeli
single-centre study of 9,915 patients having laparoscopic
surgery between June 2008 and August 2013, 1,540 (15.5%) had
intraoperative bradycardia (heart rate less than 50/minute) and
9.5% had a heart rate less than 45/minute (Dabush-Elisha 2019).
Most were related to carbon dioxide (CO, ) insufflation or bolus
opioid administration. There were no cardiac arrests or evidence
of harm. There is currently little evidence or consensus on the
use of routine prophylaxis with anticholinergic drugs to prevent
bradycardia caused by CO, insufflation (Steer 2019).

Bradycardias are defined as a heart rate less than 60/minute and
tachycardias a rate faster than 100/minute. In practice, only those
arrhythmias that cause compromise (hypotension, myocardial
ischaemia, heart failure) require urgent treatment (RCUK 2021).
Arrhythmias usually occur from combinations of:

B primary cardiac disease (eg pre-existing ischaemic heart
disease or AF, or a new acute problem such as an acute
coronary syndrome)

B acute illness (eg hypovolaemia, hypoxaemia or metabolic
- severe metabolic acidosis) or electrolyte disturbances
(hypokalaemia, hypomagnesaemia)

B surgical (eg vagal) stimulation

B drugs including those given before (eg beta blocker) or
during (eg vasopressors) anaesthesia
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B procedures [eg guidewire insertion during central venous
access).

When severe arrhythmias are left untreated, they can progress to
cardiac arrest. For example:

B Untreated severe bradycardia or acquired complete heart
block can progress to asystole.

B Avery rapid SVT (eg > 250/minute) or very rapid AF may
lead to profound hypotension or loss of cardiac output.

B VT can degenerate into ventricular fibrillation (VF), especially
if the VT is very fast (eg > 200/minute). This is more likely
in the presence of myocardial ischaemia or electrolyte
abnormalities.

Arrhythmias are less well tolerated by patients with underlying
structural heart disease or when left untreated. In patients with
a healthy heart, a heart rate of less than 150/minute is usually
well tolerated, whereas heart rates of 100-150/minute may
cause haemodynamic compromise in patients with pre-existing
heart disease. Current Resuscitation Council UK guidelines for
periarrest arrhythmia recommend (Soar 2021):

B Treating arrhythmia when there is compromise or risk of
compromise (shock, hypotension, heart failure, myocardial
ischaemia, extremes of heart rate).

m  Correction of reversible causes (eg stopping vagal stimuli
causing profound bradycardia by removing traction of eye
muscles, deflating a pneumoperitoneum).

m  Optimising oxygenation, ventilation and circulating
volume, and correcting electrolyte abnormalities (eg
sinus tachycardia or fast AF in a patient with pre-existing
AF, which may be in response to hypovolaemia) or there
may be a broad complex tachycardia in the presence of
hyperkalaemia.

Severe bradycardia will usually respond to correcting the
underlying cause or anticholinergic drugs (atropine or
glycopyrrolate). When these are unsuccessful, adrenaline in

Table 24.1 Arrhythmia events reported to the Activity Survey

All (n=24,172),
n (%)

small bolus doses (eg 50 pg in adults) may be effective. In
severe cases, isoprenaline, adrenaline infusions or pacing
(transcutaneous or transvenous| may be required.

For regular tachyarrhythmias with cardiovascular compromise,
the safest approach is to treat all broad-complex tachycardia

as VT unless there is good evidence that it is supraventricular in
origin. A tachyarrhythmia with life-threatening features should
be treated with a synchronised DC cardioversion — this is more
likely to be successful if the underlying cause is also corrected. If
cardioversion fails, give amiodarone 300 mgq intravenously over
10-20 minutes. Further cardioversion attempts and amiodarone
may be needed; faster rates of amiodarone administration risk
causing or exacerbating hypotension. When time permits, expert
cardiology help may be required.

In a large observational study, a perioperative tachyarrhythmia
was associated with an increased risk of a perioperative
myocardial infarction or injury and an increased risk of major
adverse cardiac events including acute myocardial infarction,
heart failure, life-threatening arrhythmia and death during one
year of follow-up (Puelacher 2023).

What we found

Activity Survey
The number of arrhythmias reported to the Activity Survey is
shown in Table 24.1. In addition:

B The specialties for the 54 severe bradycardia (< 30/minute)
cases (0.22%) of 24,172 cases in the NAP7 Activity Survey
were:

m  gynaecology: 10 of 1,962 cases (0.5%)

= orthopaedic trauma: 7 of 2,109 cases (0.3%)

= general surgery: 6 of 2,242 cases (0.3%)

= urology: 5 of 2,037 cases (0.2%)

= ear, nose and throat: 4 of 1,356 cases (0.3%)

m  orthopaedic elective: 4 of 2,496 (0.2%)

= cardiac electrophysiology: 3 of 135 cases (2.2%)

Patients

Non-obstetric (1=20,996),
n (%)

Non-obstetric, and
non-cardiac*® (n=20,516), n (%)

(Sf‘;f)'/em"i;i‘::)card'a 54(0.22) 52(0.25) 47(0.23)
Fast atrial fibrillation 24 (0.) 24 (0.1) 23(00)
Supraventricular tachycardia 10 (0.04) 10 (0.05) 10 (0.05)
Ventricular tachycardia 8(0.03) 8(0.04) 5(0.02)
Complete heart block 1(<0.01) 1(<0.01) 0(0)
Other (not specified) 21(0.09) 17(0.08) 15(0.07)
Overall 118 (0.49) 1121(0.53) 100 (0.49)
* Not having cardiac surgery or cardiac catheter laboratory procedures.
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m  upper gastrointestinal surgery: 3 of 523 cases (0.6%)
= cardiac inferventional: 2 of 106 cases (1.9%)

= neurosurgery: 2 of 424 cases (0.5%)

= obstetric: 2 of 3,176 cases (0.06%)

m  ophthalmology: 1of 1,046 cases (0.1%)

= interventional radiology: 1 of 197 cases (0.5%)

= dental: 1 of 745 cases (0.13%)

= other unspecified: 3 of 509 cases (0.6%).

B There were 27 cases of new-onset atrial fibrillation. Of these,

19 (70%) were ASA 3-5, 12 (44%) were elective, 18 (66%)
were planned for major or major complex surgery and 18
(66%) were over 65 years of age.

B Most (80%) arrhythmia occurred during general anaesthesia,

8% during sedation and 12% in awake patients.

B Of the 100 arrhythmias in 20,516 non-obstetric or non-
cardiac cases:

= 40 occurred in the 14,637 ASA 1 or 2 patients, a rate of
0.3%.

= Only 6 (4 bradycardia, 2 not specified) occurred in
children (0-18 years, 3,340 children), a rate of 0.2%.

= 550f13,830 elective cases had an arrhythmia (28
bradycardia, 3 fast AF, 18 other, 5 SVT, 1VT), a rate of
0.4%.

H  Ten patients were treated with emergency DC cardioversion
during their procedure. These were distributed across
ages (6-15 years: 1; 26-35 years: 1; 46-55 years: 3; 66-75
years: 3; 76-85 years: 2) and priority of surgery (elective: é;
expedited: 1; urgent: 1; immediate: 2). Half of these occurred
during cardiac (n = 4] or cardiology (n = 1) procedures.

Severe bradycardia during laparoscopic procedures
reported to the Activity Survey

There were 14 cases of severe bradycardia (< 30/minute) during
2,532 laparoscopic surgery cases reported to the Activity Survey
(0.55%). The data for these cases are summarised in Table 24.2.
There was no difference between the groups on univariate
statistical analysis using a two-sided Chi-squared fest.

Table 24.2 Severe bradycardia during laparoscopic procedures reported

to the Activity Survey
SEVEIe Total cases
Procedure bradycardia,
. (n)
n (%)
All laparoscopic cases 14 (0.55) 2546
Gynaecology laparoscopy 3(0.51) 593
Non-gynaecology female 3(0.30) 1009
laparoscopy
All female laparoscopy 6(0.37) 1602
reports
All male laparoscopy 8 (0.85) 043
reports

During gynaecological surgery, 10 cases reported a severe
bradycardia (< 30/minute) of 1,962 cases (0.5%). Three occurred
in 593 laparoscopic gynaecology cases (0.51%) and seven
occurred in 1,369 non-laparoscopic gynaecology surgery (0.51%).

Arrhythmia leading to chest compressions and or
defibrillation in the Activity Survey

Twelve patients had an arrhythmia that was associated with chest
compressions and/or defibrillation. Of the 54 cases of severe
bradycardia (heart rate less than 30/minute) reported, 7 (13%)
were associated with chest compressions:

B During anaesthesia for laparoscopic procedures in four
patients who were treated successfully with treatment that
included chest compressions.

B During induction of anaesthesia with airway and ventilation
difficulties causing severe hypoxaemia in two patients. One
of these patients was not successfully resuscitated.

B During a non-elective interventional cardiology procedure in
a middle-aged patient under general anaesthesia secondary
to cardiac ischaemia - the patient required more than
five chest compressions and defibrillation for successful
resuscitation.

Five patients with tachycardias had chest compressions and/or
defibrillation:

B Three older patients with frailty had fast atrial fibrillation
during non-elective surgery. Two survived the initial
resuscitation attempt.

B A patient with a major haemorrhage requiring general
anaesthesia was reported to have an SVT, progressing to VT
and then VF. The patient had cardiopulmonary resuscitation,
including defibrillation, but could not be resuscitated.

B A young patient was reported to have developed pulseless
VT (pVT) during a cardiac electrophysiology procedure and
required defibrillation. They survived the event.

Perioperative cardiac arrest and arrhythmia
case reports

Of 881 cardiac arrests reported to NAP7, 155 (17.6%) had
a bradycardia before cardiac arrest and 54 (6.1%) had a
tachycardia.

Perioperative cardiac arrest and bradycardia case reports

The demographic of patients with bradycardia-associated
perioperative cardiac arrest was similar to the overall Activity
Survey demographics for age, sex, body mass index, ethnicity,
ASA score, frailty, the day of the week or time of day. Eighty-
five percent of bradycardias associated with perioperative
cardiac arrest occurred during general anaesthesia cases,

similar to the rate for all 54 severe bradycardia cases reported

in Activity Survey (80%). As 72% of Activity Survey cases were
undertaken with general anaesthesia, this suggests 8 modest
overrepresentation of general anaesthesia in bradycardic events.
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Figure 24.1 Surgical specialties for case reports of bradycardia-associated perioperative cardiac arrest reported to NAP7 (n=155). ENT, ear nose and
throat; Gl, gastrointestinal.
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Regarding specialties, the highest number of cases (n = 25) Table 24.3 Outcomes for patients with bradycardia-associated
occurred during gynaecology procedures, accounting for 2.8% perioperative cardiac arrest
of all perioperative cardiac arrests associated with bradycardia.
Gynaecology accounted for 16% of severe bradycardias and Bradycardia plons .
o . o ] ) bradycardia
8.2% of the overall workload in the Activity Survey. The surgical Outcome cardiac arrest cardiac arrest
specialties of cardiac arrests associated with bradycardia are (n=155), n (%) (=726, n (%)
shown in Figure 24.1. Initial cardiac arrest outcome:
Compared with other causes of cardiac arrest, those having a Died 6(39) 203(28)
bradycardia-associated cardiac arrest were more likely to be ROSC > 20 minutes 147 (95) 518 (71]
female (52% vs 41%), ASA 1 or 2 (40% vs 21.5%), have a modified Not known 2013 5(07)
Rankin Scale score of O (no symptoms or disability; 42% vs 23%), .
. . . 4 o o Hospital outcome:
lower frailty scores (clinical frailty scale score < 4 in 67% vs 51%).
" . o Alive 14 74) 270 (37)
In addition, they were much more likely to be having minor
surgery (19% vs 9.1%) and elective surgery (50% vs 23%). Dead 13(8.4) 335 [46)
Still admitted 28 (18 121(17)

The cardiac arrest characteristics of those having a bradycardia-
associated cardiac arrest compared with those who did not

ROSC, return of spontaneous circulation.

include:
10 minutes’ duration and a sustained restoration of spontaneous

circulation. All cases were alive at the time of reporting — 21 had
been discharged and 4 were alive and still admitted.

B aninitial rhythm of asystole (44% vs 9.3%) or bradycardia
(37% vs 9.8%) when chest compressions were started

= 3 lower need for defibrillation (3.9% vs 20.5%)] Patients having a bradycardia associated cardiac arrest had

B ashorter duration of cardiac arrest (92% < 10 minutes vs much better outcomes than those who did not (Table 24.3).

62%). The NAP7 panel assessments of the care provided to the cases
The panel judged the cause of cardiac arrest in the 25 cases of bradycardia-associated cardiac arrest (n = 153) are shown in
of bradycardia-associated cardiac arrest occurring during Table 24.4. These ratings are similar to non-bradycardia cardiac
gynaecological surgery as insufflation/pneumoperitoneum in arrests.

15 cases (60%), anaesthesia drugs in 7 cases (28%) and severe
hypoxaemia, major haemorrhage and sick sinus syndrome

for one case each. Most of these patients (21/25, 84%) were
between 18 and 65 years, ASA1or 2 (21/25, 84%) and having
elective surgery (18/25, 72%). All had a cardiac arrest of less than

Anaesthesia care alone or in combination with patient factors
was judged by the NAP7 panel to have been the cause

of cardiac arrest in 55 cases, whereas surgery alone or in
combination with patient factors was judged to have caused
cardiac arrest in 47 cases (Figure 24.2).
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Table 24.4 NAP7 panel assessment of the care provided to the cases of bradycardia-associated cardiac arrest

Period of care Good, Good and poor, Poor, Unclear,
n (%) EVA] n (%) n (%)
Pre-cardiac arrest 81(53) 32 (21) (77 30(19)
During cardiac arrest 124 (81) 18 (12) 1(0.7) 10 (6.5)
Post-cardiac arrest 128 (84) 959 3(2.0) 13 (8.5)
Overall 85 (56) 46 (30) 1(0.7) 21(14)

Figure 24.2 Panel-agreed factor for cause of cardiac arrest in patients with bradycardia. Top 10 combinations shown.
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The NAP7 panel-agreed list of causes of bradycardia-associated
perioperative cardiac arrest when there was high or moderate
confidence (n = 109) in the cause of the cardiac arrest were:

B vagal stimulus: 52 cases, including 25 laparoscopic cases,
1 during squint surgery
B complete heart block: 16

B severe hypoxaemia: 9 including 2 following drug error

anaesthesia induction: 6, including 1 due to remifentanil
dosing, 2 due to propofol and remifentanil dosing

spinal anaesthesia: 5

major haemorrhage: 4
cardiac ischaemia: 2
intracranial haemorrhage: 2

suxamethonium: 2

pacemaker problem: 2
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Key causes

o

m  hyperkalaemia: 2

B stroke, sepsis, complex congenital heart disease, cardiology
interventional procedure, epidural, post cardioversion, bone
cement implantation syndrome: 1 each.

The panel had low certainty in the cause of the bradycardia in
46 (27%) of cases. Many of these were attributed to cardiac
ischaemia.

Panel lessons from case reports of bradycardia associated
perioperative cardiac arrest

The treatment of vagal stimuli induced bradycardis is to stop
the stimulus, give an anticholinergic drug and start chest
compressions early if there is severe hypotension or progression
to asystole. The precise trigger to start chest compressions is
uncertain; this is discussed in Chapter 25 ALS for perioperative
cardiac arrest. If bradycardia progresses to cardiac arrest,
adrenaline (50-100 pg in adults) should be given in small doses
in addition fo starting chest compressions.
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A young healthy patient undergoing a daycase elective
gynaecological laparoscopy with general anaesthesia
developed severe bradycardia (20-30/minute) during
carbon dioxide insufflation. This heart rate improved

by releasing the gas from the abdomen, 600 g of
glycopyrrolate and 30 seconds of chest compressions.
The patient’s heart rate returned to normal and surgery
was completed. She made a good recovery and was
discharged the same day. The panel discussed that this
case met the NAP7 inclusion criteria because of the use of
chest compressions, although this was likely a very low flow
state rather than a cardiac arrest. The panel’s view was that
chest compressions may be beneficial in supporting the
circulation and hastening the response to drug treatment.

Anaesthetic induction drugs can cause severe bradycardia in fit
and healthy patients with slow resting heart rates, patients taking
beta-blocker drugs and older frail patients.

A fit and healthy patient with a resting heart rate of
50/minute developed severe bradycardia and loss of
consciousness after a target-controlled infusion (TCl) of
remifentanil was started with a plasma target of more than
5 ng/ml. This effect occurred before TCI propofol was
started. The bradycardia was rapidly recognised and treated
by stopping the remifentanil, intravenous glycopyrrolate
and chest compressions. After treating the bradycardia, the
patient regained consciousness and underwent anaesthesia
and surgery successfully.

Perioperative cardiac arrest and tachyarrhythmia
case reports

Of 881 (6.1%) cardiac arrest case reports, 54 had a
tachyarrhythmia (including AF or VT) associated with the cardiac
arrest. The demographic of patients with tachyarrhythmia-
associated perioperative cardiac arrest was similar to the overall
Activity Survey and case reports. Regarding specialties, the

highest number of cases (n = 6) occurred during general surgery
(Figure 24.3).

A preceding tachyarrhythmia was far more likely to cause a
shockable cardiac arrest than for other arrest reports without a
preceding tachyarrhythmia:

B 52% of cases (28/54) had pVT as the initial cardiac arrest
rhythm, compared with 2.5% (21/827) of the other cardiac
arrest cases.

15% (8/54) had VF as the initial cardiac arrest rhythm,
compared with 6% (49/827) of other cardiac arrests.

B 57% were defibrillated (31/54), compared with 15% (123/827)
of other arrests.

Figure 24.3 Surgical specialties for case reports of tachyarrhythmia-associated perioperative cardiac arrest reported to NAP7 (n=54). ENT, ear nose

and throat; Gl, gastrointestinal.
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The cardiac arrest outcomes were similar for the Table 24.5 Outcomes for the tachyarrhythmia-associated cardiac arrests
tachyarrhythmia-associated cardiac arrests and the non-
tachyarrhythmia-associated cardiac arrests (Table 24.5). Patient Tachyarrhythmia Non- .

. . . tachyarrhythmia
factors alone or combined with other factors were the most Outcome cardiac arrest

cardiac arrest

common underlying cause of cardiac arrest (Figure 24.4). In most (n=54), n (%) (n=827), n (%)

cases (35/54, 65%), the primary cause of the tachyarrhythmia- T

associated cardiac arrest was uncertain or attributed to

o - Died 9.(17) 200 (24)
underlying primary heart problems. For the remaining cases, the :

panel agreed cause was: ROSC > 20 minutes 45(83) 620 (75)

Not known 010 710.8)

B sepsis: 7 cases :

Hospital:

B drug errors: 3 cases (including a large dose of adrenaline Alive 32(60) 477 (58)
to treat bradycardia, an accidental high dose of potassium Dead 0118 p—
causing VT, and a magnesium bolus dose to treat SVT <.ea : 1g) 123
followed by cardiac arrest) Still admitted 12(22) 163 (20)

B major haemorrhage: 3 cases

B electrolyte disturbance: 2 cases (1 case of hypokalaemia and
1 of hyperkalaemia)

B tfension pneumothorax: 2 cases

B electrochemotherapy to chest: 1 case associated with VT
progressing to pVT

B pulmonary embolism: 1 case.

Figure 24.4 Panel-agreed factors for cause of cardiac arrest in patients with tachyarrhythmia. Top 10 combinations shown.
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The panel rated care as good overall in half of all the cases; the
panel ratings were similar to all non-tachyarrhythmia-associated
cardiac arrests (Table 24.6).

The panel identified preoperative care factors as key lessons,
including:

B issues regarding the management of arrhythmias and
choice and dosing of drugs or electrical therapies (pacing,
cardioversion) in 8 patients (15%)

B decision making regarding whether surgery was appropriate
in high-risk patients (7 cases (13%).

Table 24.6 Panel rating of care for tachyarrhythmia-associated cardiac

arrest
. Good, (Rl Unclear,
Period of care n (%) poor, n (%)
- n (%) -

Pre-cardiac

28(52) 15 (28) 3(5.6) 8 (15)
arrest
During cardisc | 55, 5(9.3) 1019) 9(17)
arrest
Post-cardiac | 45 7a | 354 0(0) 11 (20)
arrest
Overall 27 (50) 16 (30 2(3.7) 9(17)

A middle-aged patient with obesity had severe
intfrabdominal sepsis requiring an emergency laparotomy
under general anaesthesia. During surgery, the patient
required a noradrenaline infusion, was severely acidotic and
developed an SVT with severe cardiovascular compromise.
This was treated with amiodarone and progressed to a VF
cardiac arrest. The cardiac arrest was treated successfully
and the patient was admitted to the intensive care unit. The
patient was still alive in the hospital at the time of reporting.
The panel noted the difficulty in managing a tachyarrhythmia
in these circumstances, given that sepsis and metabolic
causes were the main precipitants of the arrhythmia. The
panel opinion was that a synchronised DC cardioversion and
correcting precipitating factors may have been the preferred
first option to treat the arrhythmia in this scenario.

An older patient (> 85 years) with severe frailty and
comorbidity presented with a ruptured abdominal aortic
aneurysm. The patient was confused and had profound
hypotension (systolic blood pressure < 50 mmHg). The
patient developed VT between the induction of general
anaesthesia and starting surgery. The patient had a pVT
cardiac arrest and died despite resuscitative efforts,
including defibrillation shocks, adrenaline and amiodarone.
The panel considered whether starting surgery was
appropriate in this patient’s circumstances.

An older patient was listed for emergency surgery for
abdominal sepsis — the patient’s heart rhythm was fast
AF with a normal blood pressure. The patient was given
intravenous labetalol to treat the fast AF. Shortly after
the labetalol (and before induction of anaesthesia), the
patient had a pulseless electrical activity cardiac arrest.
Resuscitation was not successful and the patient died. The
panel’s opinion was that optimising the patient’s general
condition (fluids, electrolytes) and only if needed, using
a short acting beta-blocker (eg, esmolol) would have
been more appropriate than labetalol (an alpha and beta
-blocker) for managing fast AF in these circumstances.

A seemingly healthy patient on the day of surgery
developed VT during an elective procedure that
progressed to cardiac arrest; the patient was successfully
resuscitated. The patient had a nurse-led telephone
preoperative assessment and no 12-lead electrocardiogram
(ECG). The patient had a complex medical history that

was not communicated and, in the panel’s view, it should
have led to a more detailed face-to-face preoperative
assessment, including a 12-lead ECG.

Discussion

The Activity Survey showed that about 0.5% of all patients having
anaesthesia care have an arrhythmia that requires treatment. This
would equate to an estimated 13,200 arrhythmia cases per year
in the UK during anaesthesia (see Chapter 11 Activity Survey, for
the calculation of annual cases). Of the 881 NAP7 case reports
of perioperative cardiac arrest over one year, arrhythmia was
associated with 209 (24%] cases.

Bradycardia

Severe bradycardia (heart rate < 30/minute] were uncommon at
1in 450 (0.22%) of cases in the Activity Survey. The incidence

of severe bradycardia during laparoscopic surgery was about 1

in 180 (0.55%) cases in the Activity Survey. The absolute number
of events was small (14 cases of bradycardia associated with
laparoscopy) and there was no clear signal of an increased risk of
bradycardia associated with any particular type of laparoscopic
surgery (Table 24.2). For gynaecological surgery, the incidence of
bradycardia was similar for those having laparoscopic (0.51%) and
non-laparoscopic surgery (0.51%). Other aspects of gynaecology
surgery, such as cervical dilation, also cause bradycardia.

Most cases (47/54, 87%) of severe bradycardia reported to
the Activity Survey did not appear to have caused any harm
to the patient. We did not ask about specific treatments but
they probably resolved with simple measures (stopping any
surgical stimulus or using an anticholinergic drug). Seven
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cases were associated with chest compressions. Five cases of
primary bradycardia (four during laparoscopy, one during a
cardiac catheter procedure) that had chest compressions were
successfully resuscitated. In contrast, one of the two cases of
secondary bradycardia caused by severe hypoxaemia could not
be resuscitated. Not all of these cases met the criteria for NAP7,
as they had fewer than five chest compressions.

The Activity Survey data suggest that severe primary bradycardia
rarely leads to harm. In contrast, outcomes may be less good
when bradycardia is secondary to another process (eg severe
hypoxaemia).

Bradycardia was associated with perioperative cardiac arrest

in 155 (17.6%) of the 881 NAP7 cardiac arrests arrest reports. A
vagal bradycardia was the cause of cardiac arrest in about one
third of cases (n = 52), complete heart block in 10% (n = 16) and
uncertain in 30% (n = 46). A vagal bradycardia progressing to
cardiac arrest occurred in about 1in 50,000 cases based on the

NAP7 annual anaesthetic workload estimate of 2.71 million cases.

Bradycardia-associated cardiac arrest was reported as

occurring during gynaecological surgery in 25 cases and during
insufflation/pneumoperitoneum in 15 of these cases (60%); all
25 cases survived. Our Activity Survey enables us to estimate
that there are about 66,000 gynaecological laparoscopy

cases per year in the UK, and we had 15 cases of cardiac arrest
reported over a one-year period judged to have been caused by
insufflation/pneumoperitoneum. We can therefore estimate that
there is a need for more than five chest compressions in about 1
in 4,500 cases of gynaecological laparoscopy - the majority of
these patients are fit and healthy and having elective surgery.

Most of the uncertain cases were attributed to undetected
heart disease or cardiac ischaemia. In the remaining 26% (41
cases), bradycardia was secondary to another process, the most
common being severe hypoxaemia. In these secondary cardiac
arrest cases, severe bradycardia is part of the cardiac arrest
process, and treatment and outcomes depend on reversing the
underlying cause.

The ability to rapidly recognise and treat primary bradycardia
by stopping/removing the stimulus, giving intravenous atropine
or glycopyrrolate, and when there is a low flow/cardiac arrest
state starting chest compressions and, if necessary small doses
of adrenaline (see Chapter 25 ALS for perioperative cardiac
arrest) should result in good outcomes. This is borne out by the

outcomes of the bradycardia-associated cardiac arrest reports

- 74% survived to hospital discharge compared with 37% for
non-bradycardia-associated cardiac arrests (Table 24.3). Six
bradycardia cardiac cases were judged by the panel to have
been caused by induction drug dosing and this issue is discussed
further in Chapter 26 Drug choice and dosing.

Tachyarrhythmia

The number of tachyarrhythmia cases reported in the Activity
Survey was small, so it is difficult to make any firm conclusions
(Table 24.1). There were 27 cases of new AF, 10 cases of SVT
and 8 cases of VT, and 10 patients had a synchronised DC
cardioversion. Tachyarrhythmia occurred in about 1in 550
(0.19%) of all anaesthesia cases in the NAP7 Activity Survey.
There was one death reported in this group.

There were 54 cases of tachyarrhythmia associated cardiac arrest
reported over a one-year period. Tachyarrhythmia associated
with cardiac arrest is therefore very rare and occurs in about 1in
50,000 cases based on the NAP7 annual anaesthetic workload
estimate of 2.71 million cases. The NAP7 case reports show

that two thirds of the 54 cases of tachyarrhythmia-associated
cardiac arrest cases had a shockable rhythm cardiac arrest and
overall survival to hospital discharge was similar to those patients
who had a non-tachyarrhythmia associated cardiac arrest (60%
vs 58%; Table 24.5). Two thirds of the cases were thought to
have been caused by primary heart disease and one third were
secondary to other causes (eg sepsis). The panel mentioned
issues regarding the treatment of the tachyarrhythmia in 8 (15%)
cardiac arrest cases. Current guidelines (Soar 2021) recommend
addressing reversible causes in haemodynamically compromised
patients and using a synchronised cardioversion first strategy. The
NAP7 panel recognised that treating secondary tachyarrhythmia
can be challenging in terms of managing the underlying

cause and choosing between drug treatments or electrical
cardioversion.

Recommendations
Individual

B Anaesthetists should be familiar with the emergency
treatment of bradycardia and tachyarrhythmis, including
correcting the underlying cause (eg, hypovolaemia,
electrolyte disturbance) and the specific treatments.

References

Dabush-Elisha 2019: Dabush-Elisha I, Goren O, Herscovici A, Matot |. Bradycardia
during laparoscopic surgeries: a retrospective cohort study. World | Surg 2019; 43:
1490-6.

Forrest 1990: Forrest JB, Cahalan MK, Rehder K et al Multicenter study of general
anesthesia II. Results. Anesthesiology 1990; 72: 262-8.

Puelacher 2023: Puelacher C, Gualandro DM, Glarner N et al Long-term outcomes
of perioperative myocardial infarction/injury after non-cardiac surgery. Eur Heart |
2023; 44:1690-701.

RCUK 2021: Resuscitation Council UK. Advanced Life Support, 8th ed. London:
Resuscitation Council UK; 2021.

Soar 2021: Soar ), Deakin CD, Nolan JP et al Adult Advanced Life Support Guidelines.
London: Resuscitation Council UK; 2021. hitps: //www.resus.org.uk/library/2021-
(accessed 2 June 2023).

Steer 2019: Steer AE, Ozcan |, Emeto Tl. The role of anticholinergic medication in

the prevention of bradycardia during laparoscopic gynaecological surgery. Aust N Z |
Obstet Gynaecol 2019; 59: 777-80.

Yong 2015: Yong ), Hibbert P, Runciman WB, Coventry BJ. Bradycardia as an early
warning sign for cardiac arrest during routine laparoscopic surgery. Int | Qual Health
Care 2015; 27: 473-8.

resuscitation-guidelines

249


https://www.resus.org.uk/library/2021-resuscitation-guidelines
https://www.resus.org.uk/library/2021-resuscitation-guidelines

Advanced life support for perioperative cardiac arrest: triggers

for chest compressions, adrenaline dosing and timing in adults

Jasmeet Soar Jerry Nolan

Key findings

B Inthe Baseline Survey, most (54%) anaesthetists stated they
would start chest compressions in a 75-year-old patient
graded ASA 3 with hypertension, when there was profound
hypotension (non-invasive systolic blood pressure less than
50 mmHg) when refractory to initial treatment.

B Despite this, delay in starting chest compressions when
blood pressure was very low or even unrecordable was
common.

B In 585 (65%) of 881 reports submitted to the Seventh
National Audit Programme (NAP7), the initial rhythm was
pulseless electrical activity (PEA) or severe bradycardia and
most of these cases (67%) received an initial 1 mg dose of
adrenaline.

B Several complications of high-dose adrenaline were seen
when a smaller dose might have been effective.

B Underdosing of adrenaline was seen only rarely.

B There were several cases of significant delay in
administration of adrenaline.

What we already know

Chest compressions

Unless there is asystole or ventricular fibrillation in a closely
monitored deteriorating patient, it can be challenging to know
when to start chest compressions and whether to wait or not
until cardiac arrest is absolutely certain. Current resuscitation
guidelines include the recommendation for experienced
advanced life support providers to start chest compressions in
an unresponsive patient who has an absent central pulse - this
already means that chest compressions are probably started in
some patients with PEA and a low cardiac output (PEA low flow
state, sometimes called ‘pseudo-PEA), rather than a complete
absence of cardiac output (PEA cardiac arrest).

When a patient is monitored continuously, as is the case
intraoperatively, it may be appropriate fo start chest
compressions even if a blood pressure is detectable by

Report and findings of the 7th National Audit Project Royal College of Anaesthetists

non-invasive or invasive means and before actual cardiac

arrest occurs. Resuscitation guidelines err on starting chest
compressions early: ‘Delivering chest compressions to a patient
with a beating heart is unlikely to cause harm. However, delays
in diagnosing cardiac arrest and starting cardiopulmonary
resuscitation (CPR) will adversely affect survival and must be
avoided’ (Soar 2015).

Recently, it has been suggested that chest compressions
should be started if the systolic blood pressure decreases and
remains below 50 mmHg despite interventions (Harper 2020)
in adults during general anaesthesia. There are no data to
indicate whether anaesthetists use this threshold for profound
hypotension in clinical practice.

Chest compressions are probably less effective in hypovolaemis,
cardiac tamponade or tension pneumothorax, and early efforts
should be made to correct these conditions. A study using

an animal model of traumatic haemorrhagic cardiac arrest
suggested that there was an improved outcome when initial
resuscitation focused on controlling haemorrhage and restoring
circulating blood volume with blood transfusion either with or
without chest compressions compared with chest compressions
alone (Watts 2019).

The triggers that anaesthetists use to make the call to start chest
compressions have not been studied.

Adrenaline dose

If the initial cardiac arrest rhythm is shockable, a shock from a
defibrillator should be administered as soon as possible but chest
compressions should be started while awaiting the defibrillator.
The standard advanced life support algorithm recommends

the injection of adrenaline 1 mg every 3-5 minutes, starting
immediately for non-shockable rhythms and after delivery of

the third shock for ventricular fibrillation or pulseless ventricular
tachycardia.

This dose has been advocated for decades, although in one
of the earliest descriptions of modern advanced life support,
in 1964, Peter Safar recommended an initial dose of 0.5 mg
increased to 1-2 mg during prolonged resuscitation (Safar 1964).
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The optimal dose of adrenaline during cardiac arrest remains
uncertain, but it is possible that smaller doses are appropriate
when there is a very short time between the onset of cardiac
arrest and injection of adrenaline. Anaesthetised patients are
monitored closely, and a very low blood pressure may be
measurable even if peripheral pulses are absent, particularly in
those with arterial lines.

When cardiac arrest may be rapidly reversed a large

dose of adrenaline may lead to severe hypertension and
tachyarrhythmias. For this reason, in special circumstances
current guidance is that a lower dose may be appropriate:

B The current Resuscitation Council UK advanced life support
course manual states that for perioperative cardiac arrest ‘If
adrenaline is required according to the ALS algorithm, give
the initial dose in increments ([eg 50-100 mcg IV), rather
than a T mg bolus (Soar 2021). If 1 mg in total has been given
with no response, consider further adrenaline doses of 1 mg
"4

B UK guidelines for the management of cardiac arrest in the
cardiac catheter laboratory recommend that adrenaline is
given after three cycles of chest compressions [ie about six
minutes) of cardiopulmonary resuscitation (CPR; Dunning
2022). Specifically, they state: ‘We recommend that
intravenous epinephrine [adrenaline] (1 mg) is given after
the third cycle. It may be acceptable to administer smaller

Table 25.1 Responses to the question: ‘In an anaesthetised 50-year

old ASA 2 patient, without an arterial line, who developed hypotension,
whilst treating causes of profound hypotension, what would you use

as an indication to start chest compressions¢” Multiple responses

were allowed.

doses of epinephrine if a senior clinician feels that there may
be reactive hypertension on ROSC [return of spontaneous
circulation].

m  Guidelines for cardiac resuscitation in the cardiac surgery
setting state ‘Cardiac arrests in patients after cardiac
surgery are often quickly reversible and circulating standard
advanced life support doses of epinephrine/adrenaline
(ie. T mg intravenous) can therefore cause excessive
hypertension and arrhythmias when achieving ROSC.
Therefore, only small doses of adrenaline (eg 50-100 pg
intravenous) should be given' (Karcher 2022).

What we found

Chest compressions

Baseline Survey

The NAP7 Baseline Survey included hypothetical questions on
when anaesthetists would consider starting compressions (Tables
251 and 25.2, Figure 25.1; see also Chapter 10 Anaesthetists
survey). In terms of blood pressure triggers, among anaesthetists
who chose a blood pressure cut-off (around 80% of respondents)
— for the ASA 2 50-year-old patient, more than 50% would

start CPR when systolic blood pressure fell below 40 mmHg,

and for the ASA 3 hypertensive 75-year-old patient more than
50% would start CPR when systolic blood pressure fell below

50 mmHag.

Table 25.2 Responses to the question: ‘In an anaesthetised 75-year

old hypertensive ASA 3 patient, without an arterial line, who developed
hypotension, whilst treating causes of profound hypotension, what would
you use as an indication to start chest compressions?” Multiple responses

were allowed.

Responses Responses
Indication (n=10740) . Indication (n=10737) .
(n) (%) (n) (%)

Systolic blood pressure Systolic blood pressure

51-60 mmHg 707 6.6 51-60 mmHg 2604 24.3

41-50 mmHg 3148 293 41-50 mmHg 3146 293

3-40 mmHg 2264 211 3-40 mmHg 1580 14.7

<30 mmHg 1270 11.8 <30 mmHg 778 72

Unrecordable 1410 1311 Unrecordable 990 9.2
No palpable 2328 217 No palpable 2784 259
peripheral pulse peripheral pulse
No palpable central pulse 9574 89.1 No palpable central pulse 9414 87.7
Very low end-tidal CO, 6864 63.9 Very low end-tidal CO, 7066 65.8
None of these 39 0.4 None of these 51 0.5
I'm not sure 197 1.8 I'm not sure 272 25
Severe bradycardia 198 1.8 Severe bradycardia 153 1.4
Loss of plethysmography Loss of plethysmography

. 82 0.8 . 61 0.6

(oxygen saturations) trace (oxygen saturations) trace
Not a‘ppllhcable 5 02 Not aPpI[cable 24 02
(paediatrics only) (paediatrics only)
Other 53 0.5 Other 45 0.4
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Figure 25.1 Comparison of systolic blood pressure (BP) triggers for Case reports of perioperative cardiac arrest
starting chest compressions in a 50-year-old ASA 2 compared with
. . : Of the 881 NAP7 cases, 723 (82%) had an initial non-shockable
a 75-year-old hypertensive ASA 3 patient. Graph shows cumulative . i ) .
oroportions. ASA 2 M, ASA 3 . rhythm, 106 (12%) were in a shockable rhythm, and in 52 (5.9%)
cases the initial rhythm was unknown (Table 25.3).

0.9
Among the 585 patients with an initial rhythm of PEA or
- 084 : - .
9 bradycardia, the three most common triggers for starting CPR
ég 0.7 1 were an impalpable pulse (39%), severe hypotension (31%) and
g-g 0.6 - severe bradycardia (19%) (Figure 25.2).
2¢ 05
L€ Table 25.3 Initial cardiac arrest rhythm for all 881 NAP7 cases. AED,
20 0.4 - -
c? automated external defibrillator.
L4 03
£ M
8.-5 0.2 - Cases
o ) Initial cardiac arrest rhythm .
& g1- (n) (%)
0. Pulseless electrical activity 456 52
Asystole 136 16
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& N T Q ulseless ventricular
& & 3 @ tachycardia 49 26
. . AED used [non-shockable) 2 0.2
Systolic BP at which chest
compressions would be started Unknown 45 5.1

Figure 25.2 Indications for starting chest compressions in 585 patients reported to NAP7 with perioperative cardiac arrest and an initial rhythm of
pulseless electrical activity or bradycardia. BP, blood pressure; ETCO?, end-tidal carbon dioxide.
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Adrenaline dosing

Case reports

In the 585 cases with PEA/bradycardia, adrenaline was given

as a 1 mg bolus in 392 (67%) cases, by titrated aliquots in 120

(21%), as an infusion in 47 (8.0%) cases and no adrenaline was
administered in 82 (14%) cases (Table 25.4).

Table 25.4 The method of adrenaline administration in 585 NAP7 cases
with an initial rhythm of pulseless electrical activity/bradycardia

Cases
(n) (%)
Initial 1 mg bolus 392 67
Initial titrated aliquots 120 21
Adrenaline infusion 47 8.0
No adrenaline 82 14
Unknown 9 1.5

In some cases, the injection of 1 mg of adrenaline was considered
by the panel to be unnecessarily high, while in other cases it was
the opinion of the panel that the dosing was insufficient or that
injection of adrenaline was delayed. Comments from the panel
included:

B 0.4 mg adrenaline too high a (initial) dose for a severe
bradycardia.
B Adrenaline dose generous.

B Adrenaline likely underdosed. Only 1 mg used during the
whole arrest. Use of metaraminol not considered appropriate
in cardiac arrest by panel.

m  Only 100 pg adrenaline given - this agrees with advice to
use 50-100 pg increments in guidelines.

Metaraminol administrated instead of adrenaline.
Delay to adrenaline of six minutes.

Small dose of adrenaline used with good effect.

Very small amount adrenaline administered (20 pg).

Immediately after induction of anaesthesia, an older
patient with moderate frailty became asystolic. Chest
compressions were started and adrenaline 1 mg was
injected. Return of spontaneous circulation was achieved
after one cycle of CPR, which was followed immediately by
a broad complex tachycardia. The panel judged that that
the high dose of adrenaline was responsible for the broad
complex tachycardia.

An older patient with severe frailty developed severe
bradycardia and hypotension five minutes after injection
of a spinal anaesthetic. Chest compressions were started
because the systolic pressure was less than 50 mmHg.
Atropine and adrenaline 1 mg were injected, followed
immediately by stopping chest compressions. The blood
pressure immediately after ROSC was not documented.
The panel judged that 1 mg adrenaline was too high an
initial dose in a patient with a low flow state.

A healthy patient undergoing general anaesthesia for

a laparoscopic procedure became bradycardic as the
pneumoperitoneum was being established. Glycopyrrolate
200 pg was injected when the heart rate decreased to
below 40 [beats] per minute and atropine and chest
compressions were started after the heart rate decreased
below 20 [beats] per minute. Adrenaline 1 mg was
injected and severe tachycardia and severe hypertension
developed. The patient then developed pulmonary
oedema and hypoxaemia. The surgery was abandoned,
and the patient spent several days in a critical care

unit. The panel judged that 1 mg of adrenaline was an
inappropriate initial dose in a low-flow state caused by
severe bradycardia and caused the tachycardia and severe
hypertension that followed.

An otherwise healthy overweight patient was in the
recovery room following general anaesthesia for minor
surgery. He became very hypotensive and hypoxaemic

— chest compressions were started but the first dose
adrenaline 1 mg was not given until almost 10 minutes after
the onset of cardiac arrest. The resuscitation attempt was
terminated after 20-30 minutes of CPR and a total of over
5 mg of adrenaline.

Discussion

Pulseless electrical activity was the initial rhythm in just over
half of all perioperative cardiac arrests reported to NAP7. Our
Baseline Survey showed that most anaesthetists would start
chest compressions when the systolic blood pressure was

less than 50 mmHg and when interventions were failing in an
ASA 3 hypertensive adult patient during general anaesthesia.

In practice, anaesthetists use a combination of clinical signs
together with information from monitoring to decide when to
start chest compressions. Resuscitation guidelines err on starting
chest compressions early and in many cases there will be a low-
flow circulation when chest compressions are started. Chest
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compressions in a patient with a beating heart are unlikely to
cause harm and delays in diagnosing cardiac arrest and starting
CPR should be avoided (Soar 2015).

Our case review data showed that anaesthetists use a range of
doses of adrenaline including adrenaline infusion. It appears
that few anaesthetists are aware of the guidance for smaller
intravenous doses of adrenaline when used very early in a PEA
perioperative cardiac arrest, as most adult patients were given a
1mg dose.

The optimal dose of adrenaline during cardiac arrest remains
uncertain; smaller doses are appropriate when:

B adrenaline is first given for profound hypotension

H there is a high probability of a low flow state during PEA or
severe bradycardia

B there is a very short time between the onset of cardiac arrest
and injection of adrenaline.

In parallel, the underlying cause of deterioration or cardiac arrest
must also be addressed.

Anaesthetised patients are monitored closely; a very low blood
pressure may be measurable even if peripheral pulses are
absent, particularly in those with an arterial line. The current
adult advanced life support guidance for perioperative cardiac
arrest, and guidelines for cardiac arrest following cardiac surgery
recommend an initial dose of adrenaline 50-100 pg when
given very early in cardiac arrest but this is based only on expert
opinion. Giving a dose of 1 mg adrenaline immediately after

the onset of cardiac arrest may result in marked hypertension
and tachycardia if return of spontaneous circulation is achieved
rapidly and may cause increased bleeding (Karcher 2022).

The main challenge is knowing how to titrate adrenaline during
cardiac arrest. Options include:

B Combining high-quality chest compressions and adrenaline
to increase the end-tidal CO,,.

B When an arterial line is in place, titrating adrenaline aiming
to increase the diastolic blood pressure during chest
compressions (Morgan 2023). This increases the coronary

perfusion pressure and expert opinion is to aim for a diastolic

blood pressure greater than 25 mmHg (Meaney 2013).

B Ifit can be set up quickly, using a continuous infusion of
adrenaline. Increasing adoption of peripheral infusions of
vasopressors in anaesthetic practice (Pancaro 2020) may
increase familiarity with this option.

Recommendations

National

B There should be greater clarity in guidelines for starting
chest compressions and the use of adrenaline in closely
monitored settings (eg during anaesthesia care).

Individual

B Ina monitored perioperative adult patient who is
deteriorating (e.g. following anaphylaxis) despite initial
treatment of the underlying cause, start chest compressions
if the systolic blood pressure remains below 50 mmHg.

B In a perioperative adult patient who is deteriorating with
profound hypotension initially use small doses of intravenous
adrenaline (eg 50 pg in adults, 1 pg/kg in children) or an
infusion of adrenaline.

B In early perioperative cardiac arrest, use small doses of
intravenous adrenaline (eg 50 pg in adults, 1 pg/kg in
children) or an infusion of adrenaline - when initial small
doses of adrenaline fail and ROSC is not achieved within
the first four minutes (about two 2-minute cycles of CPR)
of cardiac arrest, give further adrenaline using the standard
adrenaline dose for cardiac arrest (1 mg in adults, 10 pg/kg in

children).

B Avoid using a standard cardiac arrest bolus dose of
adrenaline (1 mg in adults, 10 pg/kg in children) when there is
a low flow circulation or when a circulation has already been
restored.
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Perioperative cardiac arrest and
anaesthetic drug choice and dosing

Richard Armstrong Felicity Plaat

Key findings
B In the Activity Survey, anaesthetists reported 5 drug errors

per 10,000 non-obstetric cases (95% Cl 2.8-8.7) and 9.4
(95% CI 3.2 - 27.7) per 10,000 obstetric cases.

B Drug choice and/or dosing was judged to have contributed
to a substantial proportion of perioperative cardiac arrest
cases.

B Issues around choice or dosing of anaesthetic drugs were
more common in older and frail patients, and those with
higher ASA grades or acute illness.

B In 12 cases of perioperative cardiac arrest, the panel
considered that ketamine should have been used in place
of propofol or other agents for induction of unstable
pafients.

B Use of vasopressors around induction may have prevented
some arrests.

B A failure to tailor total intravenous anaesthesia (TIVA) and/
or remifentanil to the individual patient was judged to
have contributed to a number of cardiac arrests around
induction.

B The administration of an epidural test dose contributed
to several cardiac arrests, in most cases due to apparent
unrecognised intrathecal placement.

B Drug errors continue to occur and some may have been
prevented through a systems approach.

What we already know

Drug-related incidents were responsible for 20% of legal claims
against anaesthetists between 2008 and 2018, with 31% having
a severe or fatal outcome (Oglesby 2022); 79% of cases
attracted damages, with the overall cost coming second only to
cases of cardiac arrest. Drug errors were associated with 26%

of claims involving cardiac arrest, with specific issues including
unflushed cannulae, wrong drug or incorrect drug concentration
(Oglesby 2022).

Report and findings of the 7th National Audit Project Royal College of Anaesthetists

Guidelines for the safe practice of TIVA recommend the use of
target-controlled infusion (TCI) for propofol maintenance and
tailoring initial target concentrations to the characteristics of the
patient, co-administered drugs and the clinical situation. In the
frail and unwell, a low initial target concentration of propofol
with small incremental increases should be used to minimise
cardiovascular disturbance (Nimmo 2018).

Propofol is the most widely used induction agent in UK
anaesthetic practice, accounting for 90% of single-agent general
anaesthetic inductions compared with 0.7% for ketamine in 2016
(Marinho 2018). However, propofol may not be the ideal choice
for unstable or unwell patients, despite familiarity with its use, and
dose reduction alone may not be sufficient to maintain adequate
cardiac output (Sikorski 2014). Ketamine has been shown to
maintain haemodynamic stability in the emergency surgery
setting and is recommended as a rational choice for rapid
sequence induction in haemodynamically compromised patients
because of its more favourable pharmacological properties
(Morris 2009; Marland 2013; Sikorski 2014). Little work has
prospectively compared propofol and ketamine in this context
(Morris 2009); however, retrospective studies have shown that
ketamine use is favoured in patients who are shocked, supporting
its superior haemodynamic profile (Breindahl 2021).

Guidance from the National Institute for Health and Care
Excellence on intrapartum care (NICE 2022) provides
recommendations on establishing epidural analgesia in
labour (Chapter 34 Obstetrics) but wider guidance on the use
of epidural analgesia in other clinical contexts, such as for

laparotomy, is lacking.

What we found
Activity Survey

Data from the Activity Survey reveal an increased use of TIVA in
routine UK anaesthetic practice from 8% of general anaesthetics
in 2013 (Pandit 2014, Sury 2014) to 26% in 2022. Drug errors
were reported in 12 non-obstetric cases (estimated incidence of
5 per 10,000 cases, 95% Cl 2.8-8.7 per 10,000) and 3 obstetric
cases (estimated incidence 9.4, 3.2-27.7 per 10,000).
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Case reports

A total of 288 (32.7%) cases of perioperative cardiac arrest
reported to NAP7 were identified for this chapter, meeting one
or more of the following criteria:

B comments by the review panel included reference to drug
choice, dosing, TIVA and/or remifentanil

B case reporter selected ‘drug dosing contributed to cardiac
arrest’ when reporting

B on review the panel-attributed cause of cardiac arrest was
‘drug error’.
Total intravenous anaesthesia and/or remifentanil

There were 49 cases (5.6% of all cases) in which the review
panel specifically mentioned TIVA and/or remifentanil in their

comments. Pre-arrest care was rated ‘good’ in only 16% of these

cases, with 57% having elements of poor care; notably, lower
ratings of care than in the overall dataset. On panel review,
anaesthesia care was thought to be a key cause of cardiac
arrest in 37 of 49 (75.5%) cases and patient factors in 40 of 49
(81.6%), most commonly in combination (25 of 49, 51%). Patient

outcomes after these events were slightly better than after other

arrests, with 41 (84%) surviving the initial event (vs 75%) and 27

(64%) of those with hospital outcome data surviving to discharge

(vs 52%).

In reports of this type, cardiac arrest commonly followed induction

of anaesthesia using TIVA and/or remifentanil in older, frail or
unwell patients undergoing non-elective surgery. Greater age,

higher ASA grade and frailty were overrepresented compared with

the Activity Survey (Figure 26.1). Sepsis, major haemorrhage and

trauma were often present. Three-quarters of these cases included

remifentanil (alongside propofol bolus induction, propofol TIVA
or as sedation), which typically provoked bradycardia and/or
respiratory depression. Cases of cardiac arrest using TIVA with
propofol alone typically presented as sudden circulatory collapse

on or after induction. The panel considered that several instances

of bradycardia and/or hypotension were predictable, given the
patient factors and/or clinical context, but often no preventative
action was taken (see vignettes).

An older patient graded ASA 2 on pre-existing beta
blocker treatment was undergoing an expedited
orthopaedic procedure. Induction with propofol and
remifentanil TIVA resulted in profound hypotension and
cardiac arrest. The case reporter and reviewers judged the
initial target concentration of propofol chosen was too high
for the patient, resulting in an excessive initial bolus dose.

A healthy middle-aged patient graded ASA 1 with a slow
heart rate at rest presented for a day case procedure. The
patient became increasingly bradycardic after anaesthetic
induction with propofol, remifentanil infusion and
midazolam. Glycopyrrolate and atropine were ineffective
and the patient required cardiopulmonary resuscitation and
titrated adrenaline.

A previously healthy middle-aged patient with polytrauma
required a long-bone fixation. Induction with propofol

and remifentanil TIVA was rapidly followed by circulatory
collapse and a pulseless electrical activity cardiac arrest. The
case reporters and panel reviewers judged that the patient
had been inadequately resuscitated and that physiological
compensation hypovolaemia had not been recognised.

There were cases in which the combination of TIVA with other
techniques was thought to be the cause of cardiac arrest; for
example, following central neuraxial blockade or converting

to TIVA after gas induction without reducing initial target
concentrations accordingly. Intermittent boluses or manual
infusions (eg ml/hour) rather than TCl, because of a lack of
equipment or operator choice, and a lone anaesthetist delivering
sedation alongside awake fibreoptic intubation were possible
contributory factors in other cases of cardiac arrest.

A middle-aged patient graded ASA 3 with severe obesity
and difficult intravenous access underwent elective joint
replacement under spinal anaesthesia, which was reported
as being technically challenging. No target-controlled
infusion pumps were available, so the patient was given
propofol sedation as an initial manual bolus followed by a
mg/kg/hour infusion. During the case, the patient’s oxygen
saturation decreased and they had a respiratory arrest with
bradycardia progressing to asystolic cardiac arrest.
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Figure 26.1 Patient characteristics in TIVA/remifentanil cases compared with Activity Survey denominator data (solid blue bars represent cases, purple lines

Activity Survey). A bar extending above the line indicates overrepresentation of that feature and a line above the bar underrepresentation of that feature.
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Issues of drug dose and choice

There were a further 108 cases in which the panel review
commented on the drug choices, the dose or an actual drug error
(see below). Considering these cases with the TIVA/remifentanil
cases above, elements of poor care before cardiac arrest were
present in 57% and again patient factors of higher age, ASA and
clinical frailty scale (CFS) score were overrepresented compared
with the Activity Survey. Anaesthesia was considered to be a key
cause of arrest in 113 (72%) of these cases, most commonly in
combination with patient factors (67, 43%).

Similar to the propofol TIVA cases above, the use of propofol as
the prime induction agent was judged to be contributory to or
causal in a number of cardiac arrests. It was the view of the NAP7
reviewers that, in 12 cases, propofol was not the best induction
agent and ketamine would probably have been more appropriate.
This was particularly true in unwell or unstable patients; for
example, in the context of bleeding or sepsis (see vignette). There
were, however, also cases of cardiac arrest after induction with
ketamine. The addition of midazolam was also thought to have
been contributory to some cases of induction-related arrest.
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A middle-aged patient graded ASA 4 required emergency
laparotomy for a perforated viscous. The patient had signs
of septic shock and required supplementary oxygen before
surgery; risk assessment identified a risk of mortality greater
than 10%. On induction of anaesthesia with propofol,

the patient became hypotensive and had a cardiac arrest
despite dose adjustment and metaraminol administration.
The case reporter reflected that propofol may have caused
circulatory decompensation and ketamine may have been
preferred.

A further observation by the review panel was that some

cases might have benefited from prophylactic vasopressor at
or soon after the time of induction, given the inevitable drop

in systemic vascular resistance associated with even modest
doses of induction agents. This is allied to the issue of arterial
line use, discussed in Chapters 28 Older frailer patients and 31
Monitoring. However, there were again cases in which cardiac

arrest occurred despite the appropriate use of vasopressors to
counteract the effect of induction.

Other recurrent issues judged potentially contributory to cardiac
arrests included excess opioid use other than remifentanil (eight
cases) and the administration of magnesium boluses (three
cases).

At the end of anaesthesia, there were multiple cases of
arrhythmia after administration of reversal agents. Both tachy-
(two cases) and bradyarrhythmia (one case| were seen after
administration of glycopyrrolate/neostigmine, with a further
case of bradycardia when neostigmine was given without an
anticholinergic. There was one case of complete heart block
after sugammadex administration but the patient had also
received ondansetron and had a preoperative ECG showing
bradycardic atrial fibrillation with left bundle branch block.

Drug error

Drug error was rated as the primary cause of cardiac arrest in
16 (2%) cases and a secondary cause in a further 12 (1.5%) cases.

B Absolute or relative excess dose:

A total of 13 of 26 (50%) were cases in which the panel
judged that dosing was excessive enough to warrant being
labelled as an error. Most of these related to propofol

(n = 7) and remifentanil (n = 3), as described above. Other
issues included an excessive dose of adrenaline used to
treat a bradycardia (with no prior atropine/glycopyrrolate),
an opioid overdose and a case where a patient received
an inadvertent excessive bolus of induction drugs due to

a blood pressure cuff being inflated.

Regional anaesthesia/analgesia ([excess dose and/or wrong
route):

Two drug errors were cases in which the initial bolus of local
anaesthetic via an epidural catheter contributed to cardiac
arrest due to apparent unrecognised intrathecal placement.
There were a further two cases reported to NAP7 in which
an epidural bolus dose probably contributed to cardiac
arrest, although they were not marked as ‘drug errors’ by the
review panel. One was again probably due to unrecognised
intrathecal placement and, in the remaining case, the
resulting sympathetic neuraxial block exacerbated existing
septic shock. A further three cases of drug error were reports
in which the dose of drug chosen for spinal anaesthesia was
judged by the panel to be excessive in the context of frailty
and these are discussed in Chapter 28 Older frailer patients.

An older patient graded ASA 4 who had a significant
cardiac history was taken to theatre for an emergency
laparotomy. The patient had signs of severe septic shock
with tachycardia and hypotension before anaesthesia and
a risk assessment indicated a mortality risk greater than
10%. An initial epidural bolus was given around the time
of induction of anaesthesia and cardiac arrest occurred
soon after.
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Wrong drug:

There were three cases in which the wrong drug was given
because of ‘slips’ or ‘lapses’ (unintended actions due to
failure of attention or memory; Cranshaw 2009). Two were
emergency situations and included human factors: one due
to similarity in the appearance of the ampoules of different
drugs, the other reported as being due to a communication
issue between members of the anaesthetic team. A third
was the result of residual drug being inadvertently flushed
from a cannula. A further three cases of erroneous drug
administration could be classified as ‘mistakes’ (errors

of judgment or decision making in the application of
knowledge or rules; Cranshaw 2009). Two were judged

to be inappropriate use of boluses of magnesium to treat
perioperative arrhythmias and the third related to the
administration of neostigmine without any anticholinergic
agent as described above.

Drug omission:

The remaining four cases judged to be drug errors were

due to drug omission. Two were the result of interrupted
vasopressor infusions, one a failure to deliver volatile
anaesthetic resulting in an under-anaesthetised patient and
finally a case in which a steroid-dependent patient did not
receive their regular steroid mediation or perioperative
supplementation. There was an additional case in which
hypotension was probably compounded by the omission of
regular steroids, although this was not judged as a drug error
by the panel.

Discussion

Drug choice and/or dose used was judged to have contributed
to a substantial proportion of cases reported to NAP7. These
cases highlight the challenge of anaesthetising high-risk patients
such as older patients, those with frailty, with high ASA grades
or acute illness such as hypovolaemia (bleeding/other] or
sepsis. Cardiac arrest might have been avoided with different
management, such as more aggressive resuscitation before
induction of anaesthesia, the use of invasive blood pressure
monitoring (and prompt response to any changes), the use of
vasopressors during induction, and the use of induction agents
associated with less haemodynamic instability.

There are three major limitations to our analysis of these
cases. The first is that, for most cases, we did not have details
of drug doses. We relied on narrative from the reporter or
conclusions from collateral data in the report. Second, there is
a risk of hindsight and outcome bias, which is a constant risk
with a retrospective review of cases with adverse outcomes,
and perhaps particularly so when such review is undertaken
without direct access to those involved. Notwithstanding these
limitations, and the awareness of the panel of such biases, it was
our clear judgement (and often also of the case reporter| that
drug dosing, choice and occasionally frank error contributed
to many cases of cardiac arrest reported to NAP7. A third

consideration is that the NAPs do not get to see cases which
have gone ‘well’ — the many cases where cardiac arrest might
have been expected but did not occur due to good drug
decisions in choice, dose, co-administration - that prevented

it. Thus, our finding of a proportion of cases in which drugs
confributed to cardiac arrest is not a criticism of the profession

or an indication that ‘anaesthetists make bad decisions’ — we
have only examined one side of the coin - it is an attempt merely
to report honestly the data that we have reviewed.

Propofol has the benefit of being very widely used with most
anaesthetists experienced and confident in its use. However,
when given in high doses and/or as a rapid bolus it is associated
with significant haemodynamic instability. In unstable patients,
ketamine may be a better option but judicious dosing and the
use of vasopressors may still be required (Morris 2009; Marland
2013; Sikorski 2014). Cases of cardiac arrest in conjunction with
propofol TIVA highlight several issues that are addressed in
existing guidelines on the safe practice of TIVA. These include
the use of TCl instead of bolus or manual infusion (eg ml/hour)
and in frailer and high-risk patients, starting induction with TIVA
with a lower initial target concentration followed by incremental
increases, rather than a large initial bolus dose (Nimmo 2019).

It is also recommended that all anaesthetists should be trained
and competent in the delivery of TIVA. TIVA should be used
with caution in conjunction with other anaesthetics (eg spinal or
after gas induction), choosing lower initial targets and titrating
upwards slowly, with careful haemodynamic monitoring and early
recourse to vasopressors when indicated. An appreciation is also
required of the underlying pharmacokinetic model when using
TIVA, as ‘bolus doses” may vary widely between models

(eg the induction bolus for a 70-year-old, 70-kg, 175-cm male
with an initial target concentration of 4 4 ug/ml ranges from

20 mg (Schneider, plasma target) to 150 mg (Eleveld, effect

site target; Luk 2022). Models that administer a lower initial
dose may well be more suitable for high-risk or unstable
patients. Similarly, early recourse to vasopressors should be a
central component of anaesthetic induction of the critically ill,
remembering that simply underdosing anaesthetic agent has its
own problems, as this risks accidental awareness (Pandit 2014).

Similar to propofol, when using remifentanil the use of TCl should
be considered rather than manual infusion, as this will provide

a smoother pharmacokinetic loading. Prophylactic measures to
counteract bradycardia should be considered when higher-dose
remifentanil is administered, and anaesthetists should be aware
that some patients are likely to be particularly susceptible to
respiratory depression.

Human factors played a significant role in cases of drug error
reported to NAP7 (as they have in previous NAPs; Pandit

2014). Recent guidelines highlight that design of ampoules

and packaging should incorporate human factors principles to
reduce the risk of mis-selection (Kelly 2023) and that ‘teams that
work together should train together’ (Ockenden 2022, Kelly
2023). Reporting of drug errors locally and nationally (eg to the
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Medicines and Healthcare products Regulatory Agency via the
Yellow Card system, and the Safe Anaesthesia Liaison Group),
review of events including near-misses in morbidity and mortality
meetings and close attention to national alerts is recommended.

Four cases were specifically related to epidural test dose
administration (ie establishing epidural analgesia), three due to
apparent intrathecal catheter placement. The message should
be to treat every dose as a test dose. Boluses should be given
incrementally and the highest dose used for analgesia should
not have adverse effects if inadvertently injected intrathecally.
In patients who are acutely unstable due to other pathology
(eg sepsis), extreme caution should be taken as the effects of
an epidural test dose (even if correctly sited) are likely to be
exaggerated.

Additional issues that arose from cases judged to involve drug
errors include a need to avoid rapid boluses of magnesium in
unstable patients and the fact that anaesthetists need to be aware
of patients’ critical medications, particularly corticosteroids, the
omission of which may result in haemodynamic issues under
anaesthesia. Additional supplementation may also be required as
per guidance from the Association of Anaesthetists and others
(Woodcock 2020).

We also received reports of three cases of arrhythmia

resulting in cardiac arrest after neostigmine/glycopyrrolate
reversal was given. One was a bradyarrhythmia and two were
tachyarrhythmias. There are isolated case reports of arrhythmias
after administration of these agents suggesting these are rare but
recognised potential adverse effects (Nkemngu 2018, Jovanovi¢
2022). There was also one report of complete heart block after
sugammadex but it was unclear whether the sugammadex
contributed in the context of a baseline abnormal ECG and
recent ondansetron administration. A Cochrane systematic
review of randomised controlled trials comparing sugammadex
with neostigmine did find reduced risk of bradycardia and

fewer adverse events in patients receiving sugammadex but no
difference in the risk of serious adverse events (Hristovska 2017).

Overall, drug choice and dosing contributed to a notable
proportion of cases of perioperative cardiac arrest reported

to NAP7. However, our analysis is subject to the limitations
discussed above and is unable to fully reflect the impact of these
issues in anaesthetic practice as a whole owing to the sample

of cases available to us.

Recommendations

National

m  Inkeeping with others (Kelly 2022), we recommend that
design of drug ampoules and packaging should aim to
optimise readability to reduce the risk of mis-selection and
that these factors should form part of decision making in
drug procurement.

Institutional

B Hospital guidelines should recognise the following high-risk
cardiovascular settings:

= hypovolaemic and cardiovascularly unstable patents
= the frailer and older patient
m  patients presenting for vascular surgery

m  patients with bradycardia and those undergoing surgery
with vagal stimuli.

In these cases, there should be consideration of the choice,
dose and speed of administration of induction drugs.

B Each hospital should aim to have sufficient dedicated TIVA
(TCI) pumps available such that equipment shortage is not
a limitation to delivery of safe TIVA.

H  Cases of drug error, including near-miss incidents, should be
discussed in morbidity and mortality meetings.

H  Storage and availability of medications should be optimised
to reduce the risk of mis-selection.

Individual

B Individual practice should recognise the following high-risk
cardiovascular settings:

= hypovolaemic and cardiovascularly unstable patents
m  the frailer and older patient
m  patients presenting for vascular surgery

m  patients with bradycardia and those undergoing surgery
with vagal stimuli.

Induction technique may require modification, such as using
ketamine instead of propofol, or by co-administering vasopressor
medication to counteract hypotension. High-dose or rapidly-
administered propofol, in combination with remifentanil, should
be avoided. Similar considerations apply to the modification of
doses of intrathecal drugs.

B Anaesthetists should make appropriate adjustments to initial
TIVA target concentrations in unstable, frail or older patients,
and in cases where TIVA is started after other techniques
(eg neuraxial blockade or gas induction).

m  All anaesthetists delivering TIVA or intravenous sedation
should ensure they have knowledge of the model(s) to be
used and have been specifically trained to do so effectively
and safely.

B Anaesthetists should be aware of the risk of bradycardia
when using remifentanil and should monitor carefully to
detect it, considering prophylactic measures in high-risk
patients.

B Anaesthetists should report drug errors, including near-miss
incidents, through appropriate local and national channels.

B Anaesthetists should treat every epidural dose as a
potential test dose and choose an appropriate volume and
concentration of local anaesthetic.
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Paediatric perioperative cardiac arrest

Fiona Oglesby Barney Scholefield

Tim Cook

Andrew Kane

Key findings

Report and findings of the 7th National Audit Project Royal College of Anaesthetists

Perioperative cardiac arrest in children is rare.

Perioperative cardiac arrest is relatively more common in
neonates, infants and children with congenital heart disease
(CHD).

Frequent precipitants of cardiac arrest in non-cardiac
surgery included severe hypoxaemia, bradycardia and
major haemorrhage.

Cardiac tamponade and isolated severe hypotension
feature prominently as causes of cardiac arrest in children
undergoing cardiac surgery or catheter laboratory
interventions.

Initial outcomes for cardiac arrest events in children were
good when compared with the rest of the NAP7 dataset.
This was particularly true for patients undergoing cardiac
surgery or catheterisation procedures.

Inappropriate choices and doses of drug for intravenous
induction of anaesthesia and high concentrations of volatile
anaesthetic for induction or maintenance in unwell children
precipitated severe hypotension and cardiac arrest.

High concentrations of volatile anaesthetic agents and
airway manipulation precipitated bradycardias.

Atropine was used in cases of cardiac arrest when
adrenaline is recommended.

Inadequate monitoring led to delayed recognition of

deterioration, in particular the lack of invasive arterial blood
pressure monitoring in cardiac catheterisation cases.

Jonathan Smith

John Pappachan

B Supervision of trainees by senior anaesthetists was almost
universal. There were cases in which risk was so high that
the presence of two consultants would likely represent best
practice.

B Access to senior support was occasionally inadequate
when anaesthesia was delivered in isolated locations.

B There were several instances of cardiac arrest associated
with tracheal tube displacement postoperatively in the
intensive care sefting.

B Fatal cardiac arrest events were more likely to be followed
up by a debrief (78%) compared with cases in which the
child survived (35%).

What we already know

Cardiac arrest in the paediatric perioperative population is rare
with rates reported as 1: 1900 anaesthetics and an associated
mortality of 18% (Christensen 2018). It is recognised that

children with CHD have an increased incidence of cardiac arrest
compared with the general paediatric population and that the
complexity and variability of cardiac arrests in this group require
a more specialised approach than that provided by paediatric
advanced life support (ALS) guidelines (Skellet 2021). A statement
document has been issued to provide specific guidance for
cardiac arrest management in children with CHD (Marino 2018).

Paediatric anaesthesia is a subspecialty but is delivered in both
district general hospital (DGH) and tertiary settings. In the UK,
all anaesthetists receiving a certificate of completion of training
(CCT) will have undertaken paediatric anaesthesia training and

263



Paediatrics

therefore as a minimum should be competent to provide safe
perioperative care for common non-complex elective and
emergency procedures in children aged one year and older.
The Royal College of Anaesthetists (RCoA) recommends that
anaesthetists providing care to a wider and more complex
paediatric population must have acquired more advanced
competencies and specifically that they should have satisfied
the advanced level competency-based training requirements in
paediatric anaesthesia on the 2010 RCOA Curriculum or have
completed the final stage of training (stage 3) and specialist
interest area or equivalent (RCoA 2010, 2021). This also often
applies to anaesthetists who wish to have paediatric lists as a
significant part of their job plan in non-tertiary centres. The RCoA
has published comprehensive Guidelines for the Provision of
Anaesthetic Services (GPAS) with specific recommendations

for paediatric services (RCoA 2023). These guidelines state that
consultant anaesthetists who care for children in DGHs should
have the opportunity to undertake regular supernumerary
attachments to operating lists or secondments to specialist
tertiary paediatric lists for continuous professional development
purposes (to maintain confidence and skills). In many DGHs,

this is not presently available, supported or funded. The RCoA
suggests that this should, in part, be the responsibility of the
regional children’s surgery operational delivery networks. Many
other consultants without regular paediatric anaesthetic sessions
are required to provide an on-call service that includes the
stabilisation and treatment of sick children. Adequate continuing
professional development (CPD) opportunities are equally
important for this group of anaesthetists but they are not covered
by the RCoA recommendations.

This chapter focuses on the NAP7 findings on perioperative
cardiac arrest in children and is closely related to Chapter 33
Critically ill children, which examines the special cases of cardiac
arrests during care of critically ill children in non-specialist
centres.

What we found

Baseline Survey

The Baseline Survey provides an overview of paediatric
anaesthesia activity in the UK. Of 197 anaesthetic departments
responding, 154 (78%) anaesthetise paediatric patients, 78 (51%)
have a paediatric high-dependency unit (HDU) and 21 (14%) have
a paediatric intensive care unit (PICU) on site. Of all anaesthetists,
17% included paediatric anaesthesia as their subspecialty.

Twenty three (15%) departments did not have access to paediatric
advanced airway equipment in locations where children were
anaesthetised. In the 152 hospitals that cared for children and had
an emergency department, a paediatric resuscitation equipment
trolley was not available in 1(1%) emergency department. In the
120 hospitals caring for children that had a critical care unit (adult
or paediatric), a paediatric resuscitation equipment trolley was
not available in 39 (33%) critical care units.

The Baseline Survey (see Chapter 10 Anaesthetists survey)
collected data relating to individual anaesthetists’ formal
resuscitation training. Overall, up to date training in adult ALS
was more common than paediatric ALS. Rates varied very little
between grades but the finding was consistent. Respondents
were notably more likely to be out of date with, or never trained
in, paediatric ALS than adult ALS.

Activity Survey

The Activity Survey (Chapter 11 Activity Survey) collected data
on 3,455 anaesthetics in infants and children (O to < 18 years)
during the four-day observation period, accounting for 14.3% of
all cases and equating to approximately 390,000 procedures
annually. Neonates (0-28 days) accounted for 47 cases (0.19%
of overall activity, 1.4% of paediatric activity), and patients aged
28 days to less than 1year accounted for 197 cases (0.81%

of overall activity, 5.7% of paediatric activity). Of all children
anaesthetised, 1,034 (30%) were aged 1-5 years, 1,696 (49%)
were 6-15 years, and 481 (14%) were 16 to <18 years. Most
(2934, 85%) were ASA 1-2, but neonates and infants had a
higher proportion of ASA 3-5 scores than older children and
young adults (see Chapter 11 Activity Survey). Most children were
of White ethnicity (78%), although this was a lower proportion
than in adults (89%). Asian and Asian British ethnicity was

more frequent in children (20%) compared with adults (5.2%;
see Chapter 30 Ethnicity). Most (68%) surgery was elective
(which was the same as observed in the adult population) but

a significantly greater proportion of paediatric activity involved
minor surgical procedures (48%) compared with the adult
cases (25%) and a significantly smaller proportion of children
underwent major/complex surgical procedures compared with
adults (8.9% versus 31%). Dental, ear, nose and throat, general
surgery, tfrauma and urology were the five most represented

specialties, making up more than 50% of the paediatric workload
(Table 27.).
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Table 27.1 Number of paediatric surgical cases by specialty

of all anaesthetic cases; however, in the neonatal age group,

17% of cases reported at least one complication, in infants 10%

GECC o (St i and in children aged 1-5 years the rate was 5.8%. Complication
Dental 539 [15.¢] rates were lowest in the whole dataset in older children
ENT 448 (13.0) (6-15 years, 3.7%; 16-18 years, 3.7%). Airway complications were
General surgery 336(9.7) prominent in children. The most common complication was
Orthopaedics: trauma 262 (7.6) laryngospasm (52 cases, 20% of all paediatric complications),
Urology 244 (71) which differed from the complications rates in the whole dataset,
Orthopaedics: cold/elective 203 (59) where laryngospasm was third most common following major
haemorrhage and severe hypotension (Table 27.2). Of these
Radiology: diagnostic 178 (5.2) .
52 cases of laryngospasm, three reported a period of severe
Plastics 174 (5.0)
Maxillofacial 155 (4.5) Table 27.2 Frequency of paediatric complications reported to NAP7 in
Other 150 (4.3) 3,455 cases
Ophthalmology 124[3) Complication Reports (n)
Abdominal: lower gastrointestinal 108 (3)
Laryngospasm 52
Gastroenterology 10129 Failed mask ventilation, supraglottic airway 15
Neurosurgery 56 (1.6) placement or intubation
Other minor operation 53 (1.5) Severe hypotension (central vasopressors 14
Abdominal: upper gastrointestinal 45 (1.3) considered/started)
Radiology: interventional 43(1.2) Severe hypoxaemia 13
Cardiac surgery 38 (1) Severe ventilation difficulties 13
Gynaecology 32(09) (eg bronchospasm/high airway pressure)
Spinal 30(09) Hypercapnia or hypocapnia 12
Cardiology: interventional 26(0.8) Major haemorrhage 12
Abdominal: other 15 (0.4) New significant acidosis/acidaemia 10
Cardiology: electrophysiology 13(0.4) Hyperthermia or hypothermia 10
Obstetrics: labour analgesia 13(0.4) Emergency call for anaesthesia assistance 10
Cardiology: diagnostic 12(0.3) Other airway complication 9
Burns 103 Severe brady- or tachyarrhythmia
causing compromise
Obstetrics: caesarean section (0.3
. Significant electrolyte disturbance 8
Thoracic surgery 7(0.2) (Ca?, Na*, K* or Mg?*|
Transplant 710.2) Aspiration or regurgitation 6
None 6{02 Ventilator disconnection 5
Other major operation 5(0J) Equipment failure 5
Abdominal: hepatobiliary 4101 Intraoperative conversion of anaesthesia 4
Vascular 410J) (eg local/regional or sedation to general
Obstetrics: other 2(01) anaesthesia)
Total 3455 (100.0) Airway haemorrhage 3
Septic shock 3
The rates of anaesthetic techniques used in children differed Endobronchial intubation 2
compared with adults, with general anaesthesia being the most Cardiac ischaemia 2
common technique used (0-18 years, 3,233/3,455, 93.5%, vs Cardiac arrest 2
> 18 years, 13,673/20,717, 66.0%). Neuraxial techniques were Seizure 5
much less frequent (0-18 years, 76/3,455, 2.2% vs > 18 years,

o ) Drug error 2
5,077/20,717, 24.5%), as were regional blocks (0-18 years, £ DC cordi - ]
209/3,455, 6.0% vs > 18 years, 2671/20717,12.8%). mergency D% cardioversion

Intracranial hypertension 1
Of the 1922 complications reported in the Activity Survey, (eg new fixed/dilated pupil or coning)
255 (13.2%) were reported in children, similar to the overall Death 1
proportion of paediatric cases [see Chapter 12 Activity Survey Total 225

— complications). One or more complications occurred in 5.5%
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hypoxaemia, of which one reported severe ventilation difficulties.
No cases of paediatric laryngospasm were associated with
severe brady- or tachyarrhythmia causing compromise or cardiac
arrest.

Table 27.3 shows the nature of complications by age. Breathing,
circulation, metabolic and airway complications are all prominent
in neonates and infants before decreasing in children aged over
one year. For several complication categories, the risk in infants
and neonates is 10-fold higher than in young adults and is higher
than in any other age group.

Table 27.3 Raw complication rate by type and age per 10,000 cases

Complications

6-15 16-18

182.8 1751

Age (years)

19-25 26-35 36-45 46-55 56-65 66-75 76-85

220.2 187.7 150.7

Breathing 3553 183.8 70.8

166.3

131.4 106.4

Circulation 2538 ‘ 106.4 82.5 109.4

Neurological

Metabolic 253.8

67.7

208.7

104.4

2153 3347  354.6
18.6 41.4 18.8 20.7

17.4 102.2 979 137.6 165.5 1679 184.9

203.0 67.7 354 43.8 85.4

53.8 279 37.7 59.4 38.4 51.7 793

Reports to NAP7

There were 104 paediatric cardiac arrests reported to NAP7,
representing 12% of the entire dataset. Of these 104 cases,
44 (42%) were related to cardiac surgery although this group
accounts for only 11% of all paediatric anaesthesia activity. A
total of 88 (85%] case reports were from tertiary paediatric
centres. Of the remaining 16 cases, three were recorded as
‘teaching hospitals, three major trauma centres, three cardiac
centres, one ‘standalone’ hospital and four DGHs. Two did not
respond to this question when reporting.

Most (61%) cases occurred in infants (28 days to less than 1 year|
and neonates (35% in infants and 26% in neonates) and more
than half (54%) of these were patients with CHD. Thus, patients
less than one year and/or those undergoing general anaesthesia
for cardiac surgery or cardiac catheterisation procedures for
CHD were particularly high risk groups for perioperative cardiac
arrest.

Incidence

The incidence rate of perioperative cardiac arrest in all children
was 0.03% (1: 3333) with 83% (86/104) surviving the initial
event (sustained return of spontaneous circulation [ROSC]
> 20 minutes), 41% surviving to hospital discharge and 33% still

admitted at the time of reporting (ie 26% had died at the point of

reporting to NAP7). In infants, the incidence of cardiac arrest was
0.2% (1: 500) with 83% (52 of 63| surviving the initial event, 37%
surviving to hospital discharge and 37% still admitted at the time

of reporting. In neonates, the incidence was 0.5% (1: 200) with

67% (18 of 27) surviving the initial event, 33% surviving to hospital

discharge and 26% still admitted at the time of reporting.

The most frequent precipitants of cardiac arrest in non-cardiac
surgery included severe hypoxaemia (22%), bradycardia (11%)
and major haemorrhage (8.6%). These causes also featured
prominently for cardiac surgery cases, but the most frequently
cited causes were isolated severe hypotension (16%) and cardiac
tamponade (11%; Figure 27.1). The specialties most associated
with cardiac arrest events were cardiac surgery, ear nose and
throat surgery (ENT) and interventional cardiology procedures
(Figure 27.2).

Of 25 children who died, 11 deaths were judged the result of an

inexorable process, 4 partially and 10 not. The panel determined
that of those who survived, 13 patients experienced severe harm
and 66 moderate harm as a result of cardiac arrest.

Care before the cardiac arrest was judged to be good in 64%
and poor in 6.9% but, overall, care was judged to be good in
62% and poor in only 1%. Comparative figures in adults are,
before cardiac arrest, good in 46%, poor in 11% and overall
good in 52% and poor in 2.4%, suggesting that children were
somewhat more likely to be judged to have received good and
less likely to be judged to have received poor care. Care during
and after cardiac arrest was similar in children and adults (> 80%
good, < 1% poor).
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Figure 27.1 Unanticipated events in cases of paediatric cardiac arrest
reported to NAP7. Died M, Survived B,
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The 104 paediatric patients who had a cardiac arrest reported

to the NAP7 registry, when compared with the 3429 paediatric
cases in the NAP7 Activity Survey, were more often: male

(65% vs 59%); younger (Figure 27.3), sicker and had more
comorbidities (Figure 27.4) and were of non-White ethnicity
(Figure 27.5). They also more often underwent urgent or
immediate surgery (50% vs 17%), more non-elective surgery (63%
vs 31%), more major or complex surgery (65% vs 8.9%) and more
often received general anaesthesia for the procedure (97% vs
90%).

The following subpopulations were analysed separately to
explore potential patterns and high-risk groups for perioperative
cardiac arrest: (1) children aged over 1 year; (2) infants 28 days
to less than 1year; (3) neonates less than 28 days; (4) children
with CHD; and (5) children undergoing non-cardiac surgery/
infervention.

1) Children aged over one year

Of the 41 reports including children aged over one year, nine
(22%) died. Of the nine deaths, four were judged the result

of an inexorable process, three partially, one was not and one
uncertain. The panel determined that 4 of the surviving patients

Figure 27.2 104 paediatric cardiac arrest cases by specialty. ENT, ear,
nose and throat; Gl, gastrointestinal; NA, not available.
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experienced severe harm and 28 moderate harm. Care before
cardiac arrest was judged good in 60% and poor in 5% (ie two
cases) and overall care good in 62% and poor in 0%. The most
common causes of cardiac arrest were severe hypoxaemia (44%),
bradycardia and isolated severe hypotension. Key contributory
factors were the patient in 85%, surgery in 37% and anaesthesia
in 37%. Five cases were related to cardiac surgery, and four each
related to ENT, spinal surgery and interventional cardiology.
Patients were slightly more often male (61%), mostly comorbid

or unwell (37% ASA 3, 27% ASA 4, 9.8% ASA 5), surgery was
commonly elective (39%), mostly major or complex (53%) but
minor in 22% and almost exclusively conducted with general
anaesthesia (95%.) Cardiac arrests were often during the day
(51%). The location of cardiac arrest was in a theatre suite in

60%, in a remote location in 15% and in PICU in 20%. The most
common time was during anaesthesia (68%). Most cardiac arrests
involved pulseless electrical activity (PEA; 39%), bradycardia
(20%) or asystole (15%) with three cases of pulseless ventricular
tachycardia (pVT; 7%) and two of ventricular fibrillation (VF; 5%).
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Figure 27.3 Age distribution among patients in NAP7 in the Activity
Survey and who had a cardiac arrest reported to the registry. Activity
Survey B, Case registry W,
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Figure 27.4 ASA distribution among patients in NAP7 in the Activity
Survey and who had a cardiac arrest reported to the registry. Activity
Survey B, Case registry W,
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Figure 27.5 Distribution of ethnicity among patients in NAP7 in the
Activity Survey and who had a cardiac arrest reported to the registry.
Activity Survey M, Case registry B,
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Cardiac arrest duration was less than 10 minutes in 63%, less than
20 minutes in 76% and over 2 hours in 0%; 34 children (83%)
survived initial resuscitation. Debriefs occurred or were planned
after 100% of deaths and after 59% of successful resuscitations.

2) Infants (28 days to less than 1year)

Of the 36 reports in infants (28 days to < 1year), five (14%) died.
Of the five deaths, three were judged the result of an inexorable
process, one partially and one was not. The panel determined
that 7 of the surviving patients experienced severe harm and 24
moderate harm. Care before cardiac arrest was judged good

in 62% and poor in 8.8%, and overall care good in 62% and
poor in 2.9% (ie one case). The most common causes of cardiac
arrest were severe hypoxaemia (44% of cases), bradycardia

and isolated severe hypotension. Key contributory factors were
the patient in 89%, surgery in 47% and anaesthesia in 31%; 14
cases were related to cardiac surgery, 7 to ENT and 5 to cardiac
surgery or interventional cardiology procedures. Patients were
slightly more often male (58%), almost all comorbid or unwell
(69% ASA 3, 25% ASA 4, 2.7% ASA 5), surgery was uncommonly
elective (28%), mostly major or complex (70%) and almost
exclusively conducted with general anaesthesia (97%). Cardiac
arrests were mostly during the day (72%). Location of cardiac
arrest was in theatre suite in 33%, in a remote location in 14% and
in ICU in 44%. Most cardiac arrests involved severe bradycardia
(55%), PEA (25%) with one case each of asystole and VF. Cardiac
arrest 34 infants (94%) survived initial resuscitation. Debriefs
occurred or were planned after 73% of deaths and after 40% of
successful resuscitation.

3) Neonates (less than 28 days)

Of the 27 reports in neonates, 11 (41%) died. Of the 11 deaths,

4 were judged the result of an inexorable process, 1 partially
and 6 were not. The panel determined that 2 of the surviving
patients experienced severe harm and 14 moderate harm. Care
before cardiac arrest was judged good in 74% and poor in

7.4% (ie two cases) and overall care good in 63% and poor in
0%. The most common causes of cardiac arrest were isolated
severe hypotension, severe hypoxaemia, bradycardia and major
haemorrhage. Key contributory factors were the patient in 93%,
surgery in 44% and anaesthesia in 26%. Eleven cases related

to cardiac surgery, six to general surgery and three to cardiac
surgery or interventional cardiology procedures. Patients were
mostly male (82%), mostly comorbid or unwell (33% ASA 3, 52%
ASA 4, 11% ASA 5), surgery was rarely elective (7.4%), mostly
major or complex (70%) and almost exclusively conducted with
general anaesthesia (96%). Cardiac arrests were mostly during
the day (72%). Location of cardiac arrest was in theatre suite

in 48%, in a remote location in 18% and in ICU in 30%. Most
cardiac arrests were bradycardia (61%), PEA (29%) with one case
each of asystole and VF. Cardiac arrest duration was less than 10
minutes in 48%, less than 20 minutes in 70% and over 2 hours
in 7.4%; 18 (67%) survived initial resuscitation. Debriefs occurred
or were planned after 78%