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Introduction

Sepsis still kills far too many people - tens of thousands in the UK each year, and we
know that if infection is identified and treated early, some cases of sepsis and some
sepsis-related deaths may be preventable.

Prior to the pandemic, the Council of the Academy of Medical Royal College, which
comprises the president and heads of all the Medical Royal Colleges, Colleges and major
Faculties, agreed to a proposal that the Faculty of Intensive Care Medicine [FICM] should
lead a project, on behalf of the Academy, to establish the most appropriate clinical
approach to the management of sepsis. They would then produce a joint guideline,
setting out this agreed approach across all specialties.

FICM established a cross-colleges group, led by Professor Julian Bion, Professor of
Intensive Care Medicine, University of Birmingham. The work was inevitably delayed by
the emergence of the Covid19 pandemic. However, the project is now complete, and the
Academy Council endorsed and adopted the report at its meeting in April 2022.

This is a very significant piece of work that has already been very well received
by a range of organisations; the list of those endorsing the guidance is set out at
the end of the report. The report has also been welcomed by all four of the UK
Health Departments.

We believe it will be hugely helpful to clinicians and NHS organisations across the UK, in
enabling them to manage and treat sepsis in a more standardised evidence-based way.

The Academy wishes to place on record its huge appreciation to Professor Bion and all
members of his working group for their dedication and focus in producing the guidance

and to the Faculty of Intensive Care Medicine for conceiving the concept and leading the
project through to completion.

HID

Professor Dame Helen Stokes-Lampard DBE PhD FRCGP
Chair, Academy of Medical Royal Colleges
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1. Plain English summary

This document proposes a change in the way people with suspected severe infection
(sepsis] are treated with antibiotics. We will continue to prioritise those who are the most
severely ill, while giving healthcare staff more time to investigate those who are less
severely ill, so they receive the right treatment. This will help to reduce excessive and
often unnecessary use of antibiotics and the growing risk of antibiotic resistance. Our
proposals are based on a review of best evidence and the expert opinions of a wide range
of healthcare staff.

‘Sepsis’ means a serious infection which affects one or more of the body’s organs such
as the lungs, heart and kidneys. Sepsis has a big impact on individuals, their families and
healthcare resources. Many of those who die in the UK have significant co-existing health
conditions, for example connected with old age, but other people could potentially
survive sepsis if they had the right treatment in a timely manner.

Having the right treatment in time requires that:

—  The person must be seen by a healthcare professional, such as a doctor, nurse or
paramedic. In the early stages of sepsis people often think they are not ill enough to
seek medical help.

—  The healthcare professional must recognise that the person has a potentially
serious illness and that it could be sepsis. This can be challenging as early signs of
sepsis can be mild and mimic other illnesses.

—  The patient must be transferred promptly to an appropriate location
(acute hospital].

—  The clinical team must provide basic support for the person when their body is not
working properly, for example giving extra fluid to increase blood pressure or
oxygen to assist breathing. The team must also perform tests to see why the person
is ill.

— Ifaninfection is thought to be the cause of the illness, or tests show that that this is

the case, antibiotics must be given promptly and then changed or stopped later on
when more test results are available.

It is very important to choose the right antibiotic to treat sepsis, but test results may not
be ready quickly enough to help the medical team choose or may not even identify the
responsible microbe. Rapid diagnostic tests are being developed which will assist in
speedier identification. However, at present, because of this diagnostic uncertainty,

6 Academy of Medical Royal Colleges



Initial antimicrobial treatment of sepsis

people with possible sepsis are often given one or more antibiotics to cover a broad-
spectrum of possible microbes. Current national guidance recommends these should be
given intravenously (by a tube into a person’s arm] within one hour of diagnosis. These
antibiotics can then be changed or stopped depending upon the subsequent test results.
Although giving antibiotics within the hour is appropriate for the very sickest people with
sepsis, it has meant that people who are not as ill with sepsis, or even those who do not
have sepsis, can be given the wrong antibiotics or antibiotics they do not need. Controlled
use is important as all antibiotics can in themselves cause important and sometimes life-
threatening side-effects to an individual patient. On a population level, antibiotic overuse
increases the risk that the microbes become resistant, so antibiotics no longer work.
Antimicrobial resistance is recognised by the World Health Organisation as a major

global threat.

The strong weight of evidence shows there does not have to be such a rush in less sick
patients. Many national and international emergency and intensive care and infectious
diseases organisations now consider that the guidance should be changed to give staff
more time to assess, investigate and treat people - for example, in three hours rather
than only one hour. We consider the more measured approach we are now
recommending will result in more accurate treatment, with better patient outcomes
and less antimicrobial resistance.

This document has been led by the Academy of Medical Royal Colleges [AoMRC] which
invited the Faculty of Intensive Care Medicine to convene a UK-wide working group, made
up of different healthcare professionals and a patient representative. The group began
work in January 2020. The group examined multiple guidelines, systematic reviews
(where evidence is combined to give more information] and more recent research
publications about sepsis. Using this information, the group put together a framework for
helping healthcare professionals work out who may have sepsis and who might need
treatment quickly. in December 2021 the draft document was sent for review by
stakeholder professional and patient organisations and healthcare organisations
agencies. The feedback was then incorporated in the final document, which was
approved by the AoMRC.

What does this document say? It proposes that the updated National Early Warning
Score [version 2, NEWS2] should be used to supplement clinical judgement to identify
adult patients with suspected sepsis who are critically ill and need treatment quickly.
This rapid bedside score is already recommended by NHS England as the national system
to monitor acutely ill adult patients in the community, primary care and in hospital. For
children there is an equivalent paediatric version called PEWS [Paediatric Early Warning
Score]. There are other illness severity scores for special groups, for example, pregnant
women. All these scores look at a person’s vital signs such as their level of
consciousness, heart rate, blood pressure and blood oxygen levels measured with a
finger probe. Each vital sign is given a value according to how abnormal it is.
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These values are then added up to give an overall score of severity of illness. This
composite score determines the speed and seniority of clinical response.

Using research evidence and clinical experience, the AoMRC working group determined
how quickly the person needed to be assessed, and the circumstances under which there
was time to perform more tests to decide what treatment they needed. People with
higher scores need to be assessed and given antibiotics more quickly. These suggested
times are not to allow hospitals to delay assessment and treatment, but to give
healthcare professionals some more time to find out what the best treatment is for that
person. The document makes clear that there is some flexibility; healthcare professionals
need to use their own judgement and consider other factors. For example, treatment
could be given more quickly for certain high-risk groups even if their NEWS scores do

not put them into that category. There are also reminders that treatments must be
adapted to patient or parental preferences, any advance care planning wishes and
whether certain treatments, for example, admission to intensive care, is in the person’s
best interests.

The recommendations in this document must be prospectively checked to confirm they
do improve care for people with sepsis. This can be done through local audits in individual
hospitals and research carried out between different hospitals. It does not remove the
need for professional judgement from doctors and nurses about the best way to care for
people with sepsis and the duty of care from the wider healthcare system. The working
group believes that this guidance allows healthcare professionals the time to wait for
test results before giving antibiotics where it is safe to do so, thereby giving the right
treatment to that person and reducing the risk of making bacteria more resistant

to antibiotics.
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2. Executive summary

2.1 Overview

2.1.1 This report proposes that urgency of treatment of adult and paediatric patients with
suspected sepsis is based on National Early Warning Scores in secondary care [NEWS2 for
adults, PEWS for children) combined with clinical and laboratory assessments of severity,
urgency and probability of infection. A structured approach is presented in the form of
clinical decision support frameworks linking time frames for initial assessment and
treatment to severity bands. These frameworks should be subject to local audit and
multicentre research evaluation for subsequent refinement.

2.2 Background

2.2.1 Sepsis is a complication of infection in which a dysregulated host response is
associated with organ dysfunction and increased risk of death. For twenty years, the care
of patients with sepsis has been the subject of national and international quality
improvement initiatives. These have included the recommendation that broad spectrum
antimicrobials be administered within one hour of presentation. While this degree of
urgency may be appropriate for the most severely ill patients with septic shock or where
sepsis is the result of a surgical emergency, the mandate was extended to all patients
with presumed sepsis, even though supporting evidence is weak and contested, and a
significant proportion of patients do not benefit. The evolution of clinical guidelines into
performance metrics with penalties for non-compliance inhibit the exercise of clinical
judgement and distract from making a non-infective diagnosis. They also hamper
antimicrobial stewardship, and likely contribute to increasing antimicrobial resistance.
Recent International and American guidelines are cognizant of these issues and have
adopted a more measured view.

2.3 Aims

2.3.1 The Academy of Medical Royal Colleges requested the UK Faculty of Intensive Care
Medicine to lead a working group to review and make recommendations on the initial
antimicrobial management of adult and paediatric patients with sepsis.
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2.4 Methods

2.4.1 A national multidisciplinary working group was convened in January 2020 to include
patient representatives, adult and paediatric clinical specialities involved in the care of
acutely ill patients in hospital, primary care and the community, microbiology and
pharmacy. A series of plenary scoping meetings held in person and by videoconference
were supplemented by email discussion. The working group evaluated national and
international guidance and current literature, enriched by the experience of frontline
clinicians. Iterative development of a clinical decision support tool was accompanied by
local evaluation by frontline staff. The outputs were reviewed by a stakeholder group
including representatives of all national organisations involved in the care of acutely ill
patients throughout the patient pathway, by patient groups, and by representatives of
NHS England and the devolved nations, and the Department of Health and Social Care.

2.5 The Current Position: Narrative Review

2.5.1 Determining the true incidence and burden of sepsis is complicated by variability in
clinical diagnosis, coding definitions, reimbursement policies and case mix. It is
estimated that there are in the region of 918,000 adult sepsis admissions per year, and
66,096 deaths in the UK. In high- and middle-income countries, deaths from sepsis afflict
primarily the elderly, frail, those with comorbid diseases, and the immunocompromised,
many of whom are at or near the end of life. In children, sepsis occurs in fewer than a
guarter of those presenting to hospital with infection, and mortality rates are low.

2.5.2 Antimicrobial resistance is now regarded as a worldwide threat to public health.
Efforts to counter antimicrobial resistance have been hampered by a near-doubling in
antimicrobial consumption internationally since 2000. In the UK, prescription of
antimicrobials has diminished in the community since 2015, but has increased in hospital
settings. This particularly applies to broad-spectrum agents which could, in part, be a
consequence of exhortations to administer such drugs within one hour of identifying
presumed sepsis.

2.5.3 In both adults and children, the propensity of physicians to prescribe
antimicrobials is increased by diagnostic uncertainty, by assuming equivalence between
uncomplicated infection and sepsis, and by performance targets which prioritise
potentially unnecessary prescribing over antimicrobial stewardship.

2.5.4 Evidence that survival from sepsis is improved by administering antimicrobials
within one hour of presentation, compared with three, four or six hours, is largely derived
from observational studies with methodological weaknesses and risks of confounding.
Outcomes are worse for patients receiving inappropriate antimicrobials, indicating the
importance of matching treatment to pathogen, a diagnostic process which takes time.
Of note, interventions that support clinical decision-making can also enhance effective
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stewardship. If there is an hour-by-hour effect of antimicrobial delay on outcomes, it
appears to be confined to the most severely ill patients, such as those with septic shock
or those requiring an emergency procedure to control the source of sepsis, where
deterioration can be rapid and is often compounded by additional perioperative
physiological stressors.

2.5.5 Directing antimicrobials to those patients who can benefit involves matching
treatment priorities to severity of illness while allowing clinicians sufficient time to make
an informed judgement based on the patient’s needs and preferences. Sepsis is a
pleiomorphic and dynamic condition which, in its early phases, may not be recognised by
healthcare professionals. Delayed diagnosis is commonplace in patients presenting with
atypical features. Point-of-care diagnostics may be a useful adjunct but are, at present,
costly and not yet sufficiently specific. Generic vital sign-based measures of severity of
illness require minimal technology, are largely context-independent, and offer a common
language for assessing and monitoring all acutely ill patients. While sensitive in detecting
patient deterioration they lack specificity for an infection-based aetiology. The UK’s
National Early Warning Score [NEWS2] [Appendix Fig 1] and the Paediatric Early Warning
Score [PEWS] [revisions currently in development [RCPCH]] are widely accepted. NEWS2 is
well-validated and while PEWS is still undergoing piloting, both provide a suitable
framework for a structured approach to the initial management of acutely ill patients with
suspected sepsis.

2.6 Synthesis and Recommendations

2.6.1 The working group unanimously agreed with the principle that treatment urgency
for adults and children in secondary care should initially be determined by severity of
illness using NEWS2 or PEWS, respectively as part of clinical assessment. A clinical
decision support framework was developed based on NEWS2 bands of 0, 1-4, 5-6, and =7
(Fig 1), and PEWS bands of 0, 1-4, 5-8, and =9 [Fig 2], as these indicate clear step changes
in risk of adverse outcomes irrespective of diagnosis. The severity score should then be
interpreted in the light of clinical assessment, to include rapidity of deterioration and
trajectory, likely diagnosis (such as infection and sepsis], immune status, and evidence of
organ dysfunction and likelihood of requiring emergency surgery and/or interventional
radiological control of a source of sepsis. If additional concerns are identified at this
stage, the clinician can ‘upgrade’ the actions required at least to the next highest
severity band. Assessment of comorbid disease, frailty and patient preferences must also
be considered to inform judgements about treatment intensity. As with all scoring
systems, the NEWS2 should be used as an aid to clinical assessment, and not a
substitute for competent clinical judgement. Any concern about a patient’s clinical
condition should prompt an urgent clinical review, irrespective of the NEWS2/PEWS score.

2.6.2 This assessment phase is followed by generic actions in terms of monitoring,
escalation plan, senior clinical involvement, and investigation and treatment. In parallel
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with these activities, the clinician will consider the clinical likelihood of infection. For
patients with possible, probable or definite infection, infection-specific diagnostic tests
and administration of antimicrobials should be completed within 6, 3, or 1 hour of
recording a NEWS2 of 1-4, 5-6, or =7, respectively, and for children within 4, 3 and 1 hour of
recording a PEWS of 0-4, 5-8 and =9, respectively. These are maximum periods, not
targets. The aim is not to delay treatment, but to allow sufficient time to make an
informed clinical judgement.

2.6.3 Antimicrobial treatment must be accompanied by source identification and control
and antimicrobial stewardship through iterative review. When adult patients with a
NEWS2 of =5 are likely to require an emergency procedure to control a presumed
surgically-remediable source of sepsis, their urgency band should be increased to that
for a NEWS2 of 7 or more: they should receive appropriate antimicrobials within 1 hour,
preferably after collection of blood cultures, be reviewed urgently by senior surgical and
intensive care clinicians and undergo emergency control of the source of sepsis within 3-
6 hours (according to clinical urgency] consistent with current national [RCSEng 2018] and
international [Peden 2021] guidelines.

2.6.4 The frameworks aim to provide a balance between patient safety and antimicrobial
stewardship, while allowing clinicians to exercise accountable judgement in the care of
individual patients. As with all service delivery interventions, the framework should be
subject to local audit and prospective research evaluation leading to future modifications
and improvements.

2.7 Action Points
We invite the following organisations and individuals to consider:

— Reviewing and revising current sepsis triage guidance:

— NHSin England and the devolved nations, NHS Improvement and the
Department of Health and Social Care

—  The National Institute for Health and Care Excellence
— Introducing and auditing the sepsis clinical decision frameworks:

— Leadclinicians for sepsis and Deteriorating Patient Committees in Acute
Hospital Trusts, Ambulance Trusts and Primary Care Trusts

— Funding health services research evaluating the safety and efficacy of using
severity of illness-guided triage of patients with sepsis:

— National Institute for Health Research

— Improving the coding of infection and sepsis:
— NHS Digital
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Figure T1: Clinical Decision Support framework for initial evaluation of sepsis in adults =16 years
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Notes on clinical decision support framework for sepsis in adults in Figure 1.

NEWS2 should be used in conjunction with clinical assessment, and not to replace
clinical judgement.

Time zero = first NEWS2 on presentation to ED, or ward deterioration. Clinicians should
take into account lag-time bias [NEWS2 recorded in the community or in the
ambulance, potential delays in monitoring] and changes in the patient’s condition
which might indicate the need to upgrade actions and timelines.

NEWS2 should be used in secondary care to assess and monitor acutely ill patients.

NEWS2 may be used in community settings (e.g. primary care, care homes] and
particularly at the interfaces of care [e.qg. referral and communication from one
setting to another] to enable adequate and appropriate prioritisation, planning
and placement.

Additional concerns about a serious infective diagnosis may include the presence of
septic shock or conditions in which rapid deterioration to septic shock is especially
likely, such as necrotising fasciitis, intestinal perforation or ischaemia and meningitis,
or conditions which increase susceptibility to sepsis such as immunocompromise. For
these conditions, the severity status and accompanying actions should be upgraded
according to patient need, and at least to the next NEWS band. The timelines given
above indicate outer time limits; if a decision is made to give antimicrobials or to
undertake a source control procedure there should not be avoidable delay.

Other urgent management to provide organ-system support or analgesia may
be necessary.

Whenever possible promptly obtain appropriate microbiological samples before
giving antimicrobials.

Document rationale for prescription (or not] of antimicrobials and provide rationale
for choice

Reserve broad-spectrum antimicrobials for high illness severity or higher-risk e.g.
immunocompromised] patients when the infective agent has yet to be characterised.

The term ‘antimicrobial’ includes antibacterial, antifungal and antiviral agents. The
time intervals specified refer to antibacterial agents as it may take longer to identify
non-bacterial pathogens.

Review appropriateness of initial broad-spectrum antimicrobials within 48 - 72 hours.
Seek senior clinical input, including from microbiology or infectious disease
physicians, if the patient is not improving.

Discontinue antimicrobials at the earliest appropriate opportunity.
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Figure 2: Clinical Decision Support Framework for the initial evaluation of sepsis in children <16 years
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Notes on clinical decision support framework for sepsis in paediatrics in Figure 2.

These guidelines are intended to support, not to replace, clinical judgement.

Parental concern should always be taken seriously, and clinical decisions made
in partnership.

If National PEWS is not in routine use in an ED/Assessment unit, then other risk
stratification tools such as local PEWS, local sepsis screening algorithms should be
used, with locally appropriate risk threshold bands.

The initial No/Yes question for the child's appearance is the first risk stratification tool
and is /ndependent of the PEWS score, which is the second risk stratification tool.

Initial assessment starts with whether the child appears unwell to a health
professional. If so, the health professional must proceed immediately to
assess Airway, Breathing, Circulation, Disability, and correct any immediate
physiological abnormalities.

Other urgent management, such as correcting hypoglycaemia or administering
analgesia, may be necessary.

If the child appears unwell, this should override the PEWS system and the clinician
should proceed to resuscitation [if indicated] and senior review. After initial
resuscitation/stabilisation, the PEWS should still be calculated; if =5, proceed to
senior review + HDU/PICU referral. Laboratory / imaging tests should be performed
as indicated.

If the child does not appear unwell, then the National PEWS score should be
calculated alongside the Airway, Breathing, Circulation, Disability assessment [Fig 2].
This will guide ongoing assessment and management according to
green/yellow/orange/red categories. This schema helps identify children who may
initially appear well to the assessing health professional [either due to inexperience
or because of some occult quality to the child’s illness) but have a high [red] PEWS
score which would help to identify their subsequent risk of deterioration more rapidly.
In this scenario, the schema should lead to the same actions as “appearing unwell to
a health professional”.

Microbiology tests: blood and body fluid sampling, before antimicrobials.
Laboratory / imaging tests as indicated.

Document clearly the rationale for the management plan.

Avoid unnecessary delay once decision is made to give antimicrobials.

Consider antecedent risk factors as per NICE NG51in assessing risk [age,
immunosuppression surgery/trauma in the last 6 weeks, or indwelling lines/catheters
or other breach of skin integrity].

16

Academy of Medical Royal Colleges




Initial antimicrobial treatment of sepsis

Notes on clinical decision support framework for sepsis in paediatrics in Figure 2.
(continued)

Symbols:

AArrange immediate review by senior clinical decision maker [paediatric or emergency care
doctor ST4 or above) to assess patient and consider diagnosis and management.

T Sepsis = infection + new organ dysfunction.
# Septic shock = suspected sepsis plus acute haemodynamic instability.

* Source control examples ... removal of infected cannula, radiological drainage of
collections, surgical drainage/repair.

Reference: RCPCH 2021: Paediatric Early Warning System [PEWSystem] - developing a
standardised tool for England. RCPCH National PEWS
https://www.rcpch.ac.uk/resources/paediatric-early-warning-system-pewsystem-
developing-standardised-tool-england
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3. Background

3.1 Sepsis is a dysregulated host response to an infection associated with life-
threatening organ dysfunction [Singer 2016]. The term *antiseptic’ was first used in 1750
by Sir John Pringle who performed experiments testing acids and alkalis ‘resisting
putrefaction’ [Pringle 1750]. The development of intensive care units in the 1950s and of
techniques for extended organ system support provided the opportunity to study the
pathophysiology of sepsis, and to test novel therapies targeting the inflammatory
response. However, despite a better mechanistic understanding, most interventions
demonstrating benefits in animal models have not been replicated in critically ill
patients. This scientific challenge was accompanied by the perception that, despite the
magnitude of the problem [Rudd 2020], sepsis was inadequately recognised by health
systems as a discrete nosological entity. Consequently, in 2002, the Surviving Sepsis
Campaign was launched [Surviving Sepsis Campaign] [Bosch 2002] by the European
Society of Intensive Care Medicine, the Society of Critical Care Medicine and the
International Sepsis Forum to raise global awareness of sepsis as a public health
emergency, to advocate for increased resources for sepsis research and education, to
agree common definitions for the diagnosis of sepsis, and to develop and promote
adoption of best practice guidelines for clinical staff in the front line. Many other
organisations joined the campaign, and the focus on sepsis has been endorsed by the
World Health Organisation [WHO Aug 26 2020].

3.2 The Surviving Sepsis initiative coincided with growing concerns about patient safety
in healthcare [IOM 2000] [WHO 2004]. This convergence allowed sepsis to be framed as a
patient safety problem, the solution for which was to ensure more reliable delivery of
existing knowledge using sepsis ‘bundles’ - aggregates of interventions which should be
delivered within a specific period of time in a specific location. The original sepsis
resuscitation bundle included five components to be completed within the first 6 hours
from time of presentation, including the administration of broad-spectrum antimicrobials
within three hours. The guidance evolved into a one-hour bundle for all components
including antimicrobials [Surviving Sepsis Campaign 2019] with the caveat that these
should be narrowed or discontinued in the light of blood culture results and other
diagnostic investigations [Levy 2018]. This guidance has been modified in the most recent
iteration of the Surviving Sepsis Campaign’s recommendations [Evans 2021] so that a
three-hour window for administering antimicrobials for possible sepsis without shock is
now permitted, recognising the low quality evidence available. There is some
retrospective evidence that this welcome focus on sepsis has contributed to an
improvement in patient outcomes in adults [Damiani 2015] [Seymour 2017a] [Khan 2019]
[Townsend 2021] and children [Gigli 2020] without increasing costs [Bourne 2020], though
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separating the direct effects of multicomponent bundles from non-specific changes over
time is difficult [Husabo 2020] [Bion 2013]. Some of the perceived improvement is likely
attributable to ascertainment bias [Rhee 2020], financial incentivization including
re-coding [Sjoding 2015], or improvements in general patient care [Kaukonen 2014]. What
may appear to be a series of simple discrete steps is in fact a complex intervention when
aggregated in the clinical frontline [Tarrant 2016].

3.3 The bundling of interventions to include the requirement to administer broad-
spectrum antimicrobials rapidly within a short time-limited window was contentious from
the start. Proponents base their arguments on retrospective observational studies and
interrogation of databases and registries [Kumar 2006] [Ferrer 2014] [Gaieski 2010] [Peltan
2019] and a pragmatic view that unhindered bacterial replication could only be harmful:
sepsis should be treated with the same urgency as a myocardial infarction or stroke
[Funk 2011]. Others however argue for a more nuanced approach with speed dictated by
illness severity [Nauclér 2021] [Klompas 2018]. They point to the lack of high quality and
often conflicting evidence [Sterling 2015] [Asner 2021] [Nauclér 2021], overuse of
antimicrobials with risks of side-effects and encouragement of antimicrobial resistance,
and overdiagnosis of sepsis leading to delayed recognition and potential undertreatment
of non-septic conditions [Heffner 2010], [Klein Klouwenberg]. Concerns are also voiced
that guidelines may become mandated targets susceptible to gaming [Kanwar 2007]
[Wachter 2008] [Sjoding 2015].

3.4 Despite these concerns, in the USA, time-to-antimicrobials within three hours is
currently a performance metric [Joint Commission 2019]. Yet in 2007, the same body had
lengthened time to first antimicrobial dose for coommunity-acquired pneumonia as a
quality performance measure from 4 hours to 6 hours in the face of significant criticism
regarding diagnostic certainty, lack of benefit, and antimicrobial misuse [Wachter 2008].
In England, administration of broad-spectrum antimicrobials is part of a sepsis quality
indicator linked to reimbursement [NHS England 2017] which mandates escalation to a
senior doctor in the event of failure of patients with presumed sepsis to respond to
treatment within one hour [NHS England 2019]. This is based on NICE guidance NG51 [NICE
2017] on antimicrobial treatment for patients with suspected sepsis who meet high risk
criteria in the acute hospital setting, recommending that a broad spectrum IV
antimicrobial at maximum recommended dose should be given within one hour of
meeting any one of the high-risk criteria. ‘High-risk’ is defined as (any one of] the
physiological variables in the National Early Warning Score [NEWS2] [RCP 2017] [Appendix
Fig 1) being recorded in the ‘red’ zone of the NEWS chart [a score of 3], thus acting as a
‘red flag’ for sepsis. However, this single extreme parameter score system for defining
sepsis has not been shown to be predictive of outcomes with suspected sepsis,
potentially increasing clinical workload by 40% yet failing to identify up to 45% of patients
at high risk of death [Kopczynska 2018] [Smith 2008] [Smith 2016] [Unwin 2021].

3.5 While the requirement for prompt competent clinical review is uncontentious, the
mandate to administer broad spectrum antimicrobials to all patients with sepsis within a
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specified time period, and particularly within one hour, is potentially problematic.
Concerns are based on the following factors:

20

3.5.1 The benefit of early antimicrobials in sepsis (as distinct from septic shock] is
not supported by higher quality evidence including a randomised controlled trial
[Alam 2017], large prospective multicentre educational intervention studies [Bloos
2017] [Ferrer 2018], and prospective observational studies [de Groot 2015], [Abe 2019]
[Ascuntar 2020].

3.5.2 Eveninthe setting of blood culture-positive septic shock, the period of delay
which impacts adversely on outcomes is reported to vary from two hours [Corl
2020], more than three hours [Rhee 2018] [Ko 2021], six hours [Bodilsen 2016] to 24
hours [Lodise 2018]. This is well reviewed by Asner et al [Asner 2021].

3.5.3 A conservative strategy allowing clinicians time to select focused
antimicrobials was not associated with worse outcomes [Hranjec 2012].

3.5.4 The introduction of the Centers for Medicare and Medicaid Services Sepsis
Core Measure on Antimicrobial Use in 2015 has resulted in a sustained increase in
the use of broad spectrum antimicrobials [Pakyz 2020]. Adherence to the 3-hour
time window in the SEP-1bundle is associated with an increase in unnecessary use
of antimicrobials [Miller 2020]. In a retrospective cohort study, bundle adherence
increased survival only for patients with hospital-acquired sepsis, but not
community-acquired sepsis [Baghdadi 2020].

3.5.56 The 1 hour mandate potentially conflicts with the principle of antimicrobial
stewardship [Strich 2020] [Seok 2020a], requiring parallel interventions to prompt
de-escalation [Burston 2017] which are context-sensitive [Tarrant 2021].

3.5.6 Attending medical staff may be penalised for not meeting the time target
irrespective of actual patient need [Schinkel 2020]. In England, to meet a financially
incentivised target, some hospitals authorised antimicrobial administration before
patients were reviewed by a physician, potentially undermining professional and
public confidence in care quality.

3.5.7 The first-hour mandate presupposes that a reliable diagnosis of microbial
sepsis can be made rapidly by frontline staff [Latten 2020]. This may not be the case
[Lopansri 2019] [Smyth 2016]. As severity of illness is a more important outcome
predictor than specificity of antimicrobial therapy [Aryee 2020], and as physiology-
based severity scoring systems perform well in the early detection of sepsis [Lane
2020] [Valik 2020], therapeutic urgency should be determined by physiologic
measures of severity, not just a generic label like ‘sepsis’, or a conveniently
accessible ‘time zero’ such as emergency department admission [Venkatesh 2013].
Evidence that the use of severity measures alone may drive prescription of
inappropriate antimicrobials [Denny 2018] emphasises the importance of linking
severity assessment to bedside clinical review.

3.5.8 The NICE criterion for high risk can be attained with only one non-specific
clinical parameter in the ‘red zone’ of the NEWS2 chart such as new onset
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confusion. This is equivalent to a NEWS score of only 3. The Royal College of
Physicians recommends [RCP 2017] that patients with a NEWS score of 3 in a single
parameter (or aggregate NEWS of 5-6] require hourly monitoring. Whether this level
of severity in suspected sepsis is sufficient also to justify mandated administration
of broad-spectrum antimicrobials within one hour is debatable. A recent systematic
review of antimicrobial timing and mortality in 35 sepsis studies involving 154,330
patients concluded that although ‘two thirds...reported an association between
early administration of antimicrobial therapy and patient outcome, the time-to-
antimicrobials metrics varied significantly across studies and no robust time
thresholds emerged [Asner 2021].

— 3.5.9 Alarge retrospective study of febrile children presenting to the ED from a
single centre reported that while 55% (6787/12241) of febrile children met =1 NICE
high-risk criteria, only 1.8% [0.8% with 1 high-risk, and 6% with 2 high-risk] required
admission to critical care within 48 hours [Romaine 2020].

3.6 These factors have generated calls for a more nuanced approach to the diagnosis
and initial treatment of sepsis, in which accountable clinical judgement should still play a
part in decision-making [Klompas 2018] [Klompas 2020] [Ascuntar 2020] [Schinkel 2020]
[Singer 2019] [Pepper 2019] [Fitzpatrick 2019] [IDSA Sepsis Task Force 2018]. Recent policy
statements from US infectious diseases and emergency medicine societies [Rhee 2021]
[IDSA Sepsis Task Force 2018] [Yealy 2021] have supported this stance and argued against
time-critical windows as advocated within the Surviving Sepsis Campaign’s one-hour
mandate and the SEP-1three-hour bundle. The most recent iteration of the Surviving
Sepsis Campaign’s recommendations have now been modified to permit a three-hour
window for administering antimicrobials for possible sepsis without shock, while retaining
the requirement for broad spectrum antimicrobials to be administered ‘ideally’ within one
hour of recognition for patients with possible septic shock or high likelihood of sepsis
without shock; the guidance recognises the low quality evidence for making firm
recommendations [Evans 2021]. Getting the balance right between prompt treatment and
accurate treatment requires a clinical decision-making framework in which a dynamic
measure of illness severity, combined with a judgement on the likelihood of infection,
guides timely administration of appropriate treatments, including antimicrobial agents if
required.
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4. Aims

4.1 Toresolve these differences, in 2020 the Academy of Medical Royal Colleges [AoMRC]
invited the UK Faculty of Intensive Care Medicine (FICM] to lead a multi-professional
working group to examine the issues, produce a consensus position on the initial
management of paediatric and adult patients with sepsis, and develop practical guidance
for healthcare professionals which would ensure timely care while permitting the
exercise of professional judgement on the judicious use of antimicrobials.

4.2 The remit of the working group did not extend to a wider consideration of all aspects
of the treatment of sepsis, nor to neonatal sepsis which has been the subject of recent
NICE guidance [NICE Guideline 195 2021].
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5. Methods

5.1 A working group was convened under the aegis of the Academy of Medical Royal
Colleges and included patient representatives. The membership is provided at the back of
this position statement. The group first met in February 2020 in person, with a further
eight meetings by videoconference supplemented by numerous additional subgroup
meetings and extensive email exchanges. The group examined current guidance,
systematic reviews and newer publications, and through a process of moderated
discussion gradually refined a framework for helping clinical staff to identify and prioritise
patients with sepsis. Complete agreement was achieved after seven meetings and in
December 2021 the draft proposals were sent for review by stakeholder professional and
patient organisations and healthcare agencies. The feedback was then incorporated in
the final document, which was approved by the AoMRC.

5.2 Meetings took the form of a moderated multidisciplinary expert panel with iterative
discussion and agreed action points which were then developed by the core group for
subsequent review by all panel members and modification through email exchanges.
The work was supported by narrative reviews of the relevant literature in subgroups. The
first meeting was used to identify key issues and establish common objectives. A total of
five plenary videoconferences were required to achieve consensus outputs. Template
guidance was piloted by frontline staff at each iteration. The guidance was then
circulated to a wider stakeholder group of professional organisations and special interest
groups for review. Responses were reviewed by the working group to create a final
version of the guidance. The term ‘antimicrobial’ is used throughout to cover
antibacterial, antifungal and antiviral agents. ‘Broad-spectrum’ refers specifically to
antibacterial agents.
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6. Narrative review of the literature

6.1 The current position

6.1.1 As with most acute diseases, the early phases of infection and sepsis are
accompanied by uncertainty about diagnosis, cause, timing of onset, degree of urgency,
and likely outcome. Guidance on management tends to be based on data from studies
later in the patient pathway (for example, critical care] rather than in the community or
the Emergency Department (ED] [Sakr 2018][Abe 2020]. Clinicians must therefore act
under uncertainty, but are judged with hindsight. Consequently, in the pressured
environment of emergency care, it may be easier to give antimicrobials to patients who
might be septic than to justify delay while refining the diagnosis. This hampers efforts at
antimicrobial stewardship and may mask potential causative pathogens resulting in
inappropriate therapy. However, this trend is not inevitable: educational and clinical
support interventions can empower clinicians to make more nuanced judgements [May
2021] [Ouldali 2017].

6.1.2 We review here the current position on infection and sepsis in adults, children and
obstetrics, trends in the use of antimicrobials, antimicrobial stewardship, and newer
diagnostics. We then evaluate current methods for measuring severity of illness and
consider the evidence for timing of antimicrobials before proposing a sepsis clinical
decision support tool.

6.2 Infection and sepsis in adults

6.2.1 Determining the scale of the sepsis burden is challenging. Using data from the
Global Burden of Disease project [Rudd 2020], the worldwide incidence of sepsis in 2017
has been estimated at 48-9 million cases per annum (95% uncertainty interval (Ul] 38-9-
62-9]) with 11 million [10-1-12-0] sepsis-related deaths annually [Rudd 2020]. However,
variability in clinical diagnosis, coding definitions, reimbursement policies, type of
infections and case mix [Rudd 2018] means that these data are contested, even by those
offering estimates of magnitude [Fleischmann-Struzek 2020]. An analysis of 2.5M sepsis
cases In the USA estimated per-patient costs of treatment to range from $18,023 for
patients with sepsis present at admission, to $68,671 for patients who developed septic
shock following hospital admission [Paoli 2018]. In the UK, a report commissioned by the
UK Sepsis Trust estimated from HES data an incidence of sepsis of 147,000 per year, at an
estimated cost of £7.76 billion [Whitewater Charitable Trust 2017]. Inada-Kim et al used
‘suspicion of sepsis’ [coding of all bacterial infective diagnoses for admitted patients] in
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the Oxford Region in 2013-14 to estimate 17 admissions per 1000 adults per year, with a
mortality of 7.2%; for the UK as a whole this would be 918,000 adult sepsis admissions per
year, and 66,096 deaths [Inada-Kim 2017]. The true number of confirmed bacterial sepsis
admissions will be lower than this. During 2011-2015, on average each year there were
39,544 sepsis admissions to intensive care units in England and Wales, these
representing the most severely ill hospitalised patients; 7,852 per year were classed as
having septic shock based on Sepsis-3 criteria with a hospital mortality rate of 55.5%
[Shankar-Hari 2017].

6.2.2 Deriving accurate estimates is difficult as there is no standardisation of operational
criteria. Second, there is no gold-standard diagnostic test. Third, in the initial phase of
acute illness clinicians usually treat suspected sepsis, but there is wide inter-observer
disagreement between physicians when applying diagnostic criteria to standardised case
histories [Rhee 2016]. Fourth, a rise in awareness, changes in national sepsis coding
guidance and an increase in sepsis reimbursement has led to an artificial 300% increase
in reported sepsis numbers [AHSN Network] [Singer 2019] [Fig 3]. Finally, case mix
heterogeneity accounts for variations in secular trends for mortality [Shankar-Hari 2016]
and likely explains some of the variation in outcomes between countries [Ranzani 2018].

Figure 3. Number of sepsis admissions to hospital England 2013-14 to 2019-20 showing the impact of
coding change. [https.//www.s0S-insights.co.uk/]
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6.2.3 It may therefore be preferable to measure the infection burden using
administrative data collected from emergency hospitalisations in whom antimicrobials
were commenced [Inada-Kim 2017]. These patients with a suspicion of sepsis will likely
include the majority of true community sepsis cases. Numbers have remained more
constant over time and are less subject to the vagaries of gaming or coding trends.
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Coding is best undertaken using the final hospital discharge diagnosis when results of
investigations are available, the response to treatment noted, and other diagnostic
possibilities excluded.

6.2.4 The majority of admissions and deaths with presumed bacterial infections occur in
the elderly and those with comorbid disease [Rhee 2019] [Kopczynska 2018b]; death is
rare in adults under the age of 40 years [Fig 4]. This is supported by Office of National
Statistics data from death certificates and from studies examining attributability and
preventability among those dying from sepsis as the cause of death [‘septicaemia’] as
opposed to with sepsis as an accompanying factor [‘any mention of sepsis’ [ONS 2019]
(Table 1). In a study of 521 septic patients in general wards and EDs across all Welsh acute
hospitals in 2016 and 2017, 166 (7.2%)] died, but death was probably or possibly
attributable to sepsis in only 40. Of these 40 [32.4%] sepsis deaths, 31 patients [77.5%)]
had a Clinical Frailty Score = 6, 28 [70%] had a pre-existing DNA-CPR order, and 17 had
other limitations of care orders [(42.5%) [Kopczynska 2018b]. In an analysis of 117,510
patients admitted to 114 USA hospitals between 2013-2017, the reduction in mortality rates
over time was attributable to an increasing proportion of patients being discharged

from hospital to hospice care [Rhee 2021b]. These factors suggest that in a Western
context, describing each sepsis death as ‘an avoidable tragedy’ [Hancock 2019] is
substantially overstated.

Figure 4: ‘Suspicion of Sepsis’ [SOS] admissions and number (%] deaths, England 2071-17

Data courtesy of Sheila Dixon, Senior Analytical Manager, Performance Analysis Team, NHS England & NHS Improvement
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Table 1. Number of deaths where septicaemia was the underlying cause, or was mentioned anywhere on the
death certificate - England and Wales, 2016-2018 registrations [ONS 2019]

Septicaemia given as underlying Any mention of septicaemia
cause of death

England Wales England & | England Wales England &

Wales Wales

6.2.5 There is a pressing need for a standardised taxonomy for sepsis to emphasize the
requirement for both infection and new-onset organ dysfunction, as defined by Sepsis-3
[Singer 2016], now incorporated in ICD-11. Misleading descriptions of uncomplicated
urinary tract infection as ‘urosepsis’ and meaningless terms such as ‘septicaemia’ need
to be jettisoned. Standardisation will permit more accurate estimates of the incidence
and burden of illness and provide more reliable evaluations of interventions and services
targeting patients with life-threatening infection. A national registry using standard
definitions based on current HES data would make it easier to determine current and
historical performance, record more accurately patient demographics and the true
numbers of admissions and deaths, and provide benchmarks for assessing and
comparing improvement initiatives, antimicrobial stewardship and costs. We provide a
preliminary taxonomy in Table 2.

Table 2: Taxonomy of sepsis

Infection Invasion of body tissues by disease-causing microorganisms

Ulalelo]pplelife=1=I8MN INnfection not resulting in new or worsening organ dysfunction i.e. change in
infection SOFA score <2 points

Sepsis Life-threatening organ dysfunction caused by a dysregulated host response to
infection. Clinically characterised by a change in SOFA score =2 points

Septic shock A subset of sepsis in which particularly circulatory, cellular, and metabolic
abnormalities are associated with a greater risk of mortality than with sepsis
alone. Clinically identified by a vasopressor requirement to maintain a mean
arterial pressure =65 mmHg plus a serum lactate >2 mmol/L that persist

despite adequate fluid resuscitation
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SOFA score

Severe sepsis

Bacteraemia /
Fungaemia /
Viraemia

Septicaemia

Blood
poisoning

Urosepsis

Neutropenic
sepsis

Febrile
neutropenia

Pneumonia

National Early Warning Score-2.

An aggregate severity of illness score [0-20] for adults with points ascribed to
increasing physiological abnormalities [respiratory rate, pulse oximetry-
measured oxygen saturation, requirement for supplemental oxygen, systolic
blood pressure, heart rate, level of consciousness, temperature].

Sequential Organ Failure Assessment score.

An aggregate point score (1-4] with points ascribed to increasing physiological
and biochemical abnormalities representing dysfunction of six organ systems
[respiratory, cardiovascular, hepatic, coagulation, renal, neurological].

Systemic Inflammatory Response Syndrome. Characterised by >2 criteria
exceeding thresholds for temperature, heart rate, respiratory rate and white
blood count. Formerly used in combination with infection to identify ‘sepsis’
but now discarded as often represents an appropriate [i.e. non-pathological]
host response to any inflammatory [i.e. non-specific for infection] insult.

Outdated terminology combining SIRS + organ dysfunction; now replaced
by ‘sepsis’

Presence of these micro-organism in the blood stream

Redundant [and meaningless] term formerly used to describe sepsis

Redundant [and meaningless] term formerly used to describe sepsis

Should only be used to describe a urinary tract infection (UTI] with new organ
dysfunction, not any type of UTI

Should only be used in patients with neutropenia related to an underlying
disease or treatment who develop new infection-related organ dysfunction.

Neutropenic infection should preferentially be used for neutropenic patients
with an uncomplicated infection.

n.b. sepsis itself may induce a transient leucopenia but this should not be
classified as neutropenic sepsis alongside the above populations.

Patient with neutropenia and a pyrexia =38°C which may or may not be due
to infection

Infection of one or both lungs caused by a pathogen. This term should be
reserved for more serious lung infection rather than an uncomplicated lower
respiratory tract infection.
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6.3 Paediatric sepsis

6.3.1 Fever accounts for around 20% of all visits to Paediatric Emergency Departments
[Leigh 2019]. In this context, the probability of serious bacterial infections is between 7%
[Craig 2010] and 22% [Hagedoorn 2020]. Approximately 60% of febrile children have a
self-limiting viral infection. The incidence of central nervous system infection or sepsis is
<1% [Hagedoorn 2020]. The challenge for clinicians is to identify accurately those children
at risk of serious bacterial infections with life-threatening and potentially life-changing
complications - the “needle in the haystack” [Ladhani 2010]. Because of the catastrophic
consequences of missing such cases, a cautious approach to the management of the
child with fever is often taken, involving extended observation, investigations, and
precautionary use of antimicrobials, often without definitive evidence of bacterial
infection [Leigh 2019].

6.3.2 In Europe, mortality in children admitted to hospital with sepsis is low. The
causative organism remains unidentified in approximately half of cases. A fatal outcome
in children with community-acquired infections was associated with identification of the
causative organism, presence of sepsis, increased paediatric ICU [PICU] admission, the
need for oxygen or respiratory support (or both], inotrope administration, and a prolonged
hospital stay [Martinon-Torres 2018]. In children with community-acquired sepsis
admitted to European PICUs, mortality was 6%, increasing to 10% in the presence of
septic shock. However, mortality is not the only significant outcome in children with
sepsis, as a third of survivors admitted to PICU were discharged with disability [Boeddha
2018]. Co-morbidity is an important risk factor. A single centre study indicated that 29% of
children with bacteraemia had underlying co-morbidities [Irwin 2015]. The international,
multicentre Sepsis Prevalence, Outcomes and Therapies Study (SPROUT) of PICU
admissions with severe sepsis reported that 77% had co-morbid conditions, with the
most common being respiratory illness (30.3%); approximately half of children admitted
had =2 co-morbidities [Weiss 2015]. Antecedent risk factors should also be considered, as
listed in the NICE guidance NG51 Section 5 [NICE 2017] in assessing risk (age <1year,
immunosuppression, surgery/trauma in the last 6 weeks, indwelling lines/catheters or
other breach of skin integrity].

6.3.3 The Surviving Sepsis Campaign guidance on the management of paediatric septic
shock and sepsis-associated organ dysfunction [Weiss 2020] acknowledges the low
quality of evidence, resulting in many weak recommendations. Antimicrobial
administration within one hour of presentation of septic shock received a strong
recommendation despite very low quality evidence. For sepsis-related organ
dysfunction, a weak recommendation was made for antimicrobials within 3 hours.

The guidelines therefore provide a pragmatic approach for consistent care until
additional evidence is available.
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6.3.4 As with adult practice, a key concern in sepsis management has been to develop
reliable methods for the dynamic assessment of severity of illness. Mortality as the
primary outcome in paediatric ED settings has too low an event rate [<1%)] for calibration.
Critical care admission is a more suitable outcome as this allows assessment of whether
the score can identify those patients requiring additional support, regardless of survival.
The use of the age-adjusted gSOFA for paediatric sepsis has demonstrated poor or
insufficient sensitivity in predicting in-hospital mortality and PICU admission [Schlapbach
2018] [van Nassau 2018] [Romaine 2020] [Eun 2021]. A paediatric SOFA [pSOFA] has been
developed for sepsis but cannot be used in the first hour or so following presentation
because of the inclusion of bilirubin and creatinine [Matics 2020]. Attention has therefore
focused on developing a paediatric version of the adult Early Warning Score (see below]
[Roland D 2021], [Romaine 2021]. PEWS, like NEWS, presents an opportunity to have a
“common language” across pre-hospital, ED and critical care. The system-wide
introduction of NEWS has led to improved outcomes in adults with suspicion of sepsis
[Pullyblank 2020]. PEWS could be a useful tool for identifying and tracking physiological
changes, and the introduction of a standardised score would potentially allow
improvement or deterioration to be tracked from ED to ward to critical care.

6.4 Maternal sepsis

6.4.1 Maternal sepsis is defined as a life-threatening condition due to organ dysfunction
resulting from infection during pregnancy, childbirth, post-abortion and the postpartum
period [Bonet 2017]. While adverse outcomes from maternal sepsis have improved over
the last twenty years, it remains one of the most common causes of maternal death
[Chen 2021]. In 2020 the WHO estimated that sepsis contributes to severe maternal
outcomes in 10-9 [9-8-12-0) women per 1000 live births admitted to hospital with an
infection, with the highest rates in low and middle income countries) [WHO Global
Maternal Sepsis Study 2020]. The UK national confidential enquiry system MBRRACE
estimates sepsis-related mortality to account for 11% of all maternal deaths and an
increased stillbirth rate [MBBRACE 2020]. Factors which may enhance susceptibility to
certain infections include altered physiology such as urinary stasis or a reduction in lung
volumes, development of gestational diabetes or pre-term pre-labour rupture of
membranes, increased exposure to surgical procedures such as caesarean section, and
changes in cell-based immunity [Kourtis 2014]. The genital tract, urinary tract and wound
infections are the most likely infection source. Streptococcal infection is an obstetric
emergency: a study of severe genital tract sepsis found group A streptococcal infection
was the single factor associated with an increased odds of septic shock [Acosta 2014].
Herpes simplex virus infection can complicate pregnancy [Straface 2012] and cause post-
partum endometritis [Anyebuno 2014] which may be fatal to mother or child.
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6.4.2 Assessment of illness severity is facilitated by vital signs scoring systems.
Physiological changes in pregnancy in the cardiovascular, respiratory, haematological
and coagulation systems may mask or mimic sepsis, making diagnosis more difficult
[Greer 2019]. Gestation-specific vital sign reference ranges have recently been published
[Green 2020]. A UK national maternal early warning system [MEWS], incorporating six
physiological parameters and based on these data, is due for imminent release by the
NHS England maternal and neonatal safety improvement program ‘MatNeosip’ [NHS

England 2019].

6.4.3 In 2006-8 an increase in obstetric sepsis deaths stimulated an extensive initiative
to raise awareness and improve sepsis management [Cantwell 2011]. Death rates declined
in subsequent years, but a UK national cohort study in 2016 suggested ongoing clinical
failures in the timely recognition of genitourinary and respiratory infection [Acosta 2016].
The most recent enquiry highlights the importance of timely surgical source control
[MBBRACE 2020]. The Royal College of Obstetricians and Gynaecologists’ [RCOG] ‘Green
Top Guidelines’ published in 2012 [RCOG 2012] and reviewed in 2017 [RCOG 2017] and the
Sepsis Trust UK Inpatient Maternal Sepsis tool [UK Sepsis Trust 2019] are widely used by
UK maternity units, though the underpinning evidence base is weak. Based primarily on
general adult practice, these recommend administration of broad spectrum
antimicrobials within one hour of recognition of ‘severe sepsis’ [(Green Top Guideline). The
UK Sepsis Trust'’s criteria include ‘red flag’ sepsis combined with evidence of acute kidney
injury [AKI]. The RCOG is currently revising its sepsis guidance.

6.5 Current antimicrobial use and trends
6.5.1 Community, Primary Care and Hospital Practice

6.5.1.1 Antimicrobial consumption increased worldwide by 90% between 2000 and 2015,
with the greatest increase in low-and middle-income countries [Klein 2021].
Antimicrobial resistance [AMR] is a growing threat. Estimates for 2019 indicate 4.95
million deaths associated with, and 1.27 million deaths attributed to, antimicrobial-
resistant bacteria [Antimicrobial Resistance Collaborators 2022]. In 2015, the UK ranked
28t of 71 countries in antimicrobial consumption rate by sales [Klein 2018]. The UK AMR 5
year national action plan aimed to reduce inappropriate antimicrobial prescribing in
hospital and ambulatory settings by 50% [DoH 2016] [Smiezek 2018], and halve the
number of resistant infections by 2020.

6.5.1.2 A7.5% reduction in total antimicrobial use (as defined daily doses (DDD] per
inhabitant in England] has been recorded over the 5-year period from 2015-19. However,
this relates to decreased use in primary care (-12%). During the same period hospital in-
patient use increased by 13% and outpatient use by 1.7% [ESPAUR 2019-2020]. The use of
intravenous and broad spectrum antimicrobials in the emergency department doubled
[ESPAUR 2019-2020]. Data from the most recent report [ESPAUR 2020-2021] show a further
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marked reduction in primary care antimicrobial prescribing, likely attributable to the
COVID-19 pandemic. However, in-patient prescribing has remained static [Appendix Fig 2].

6.5.1.3 Adriver for this increased use in in-patients may have been the Commissioning
for Quality and Innovation [CQUIN]) scheme. This was introduced in 2015-16 [NHS England
2015] to incentivise screening for sepsis and stimulate initiation of treatment within one
hour for adults and children arriving at hospitals via emergency departments, based on
clinical identification of either suspected severe sepsis, septic shock, or ‘Red Flag’ sepsis
[UK Sepsis Trust]. This was extended to in-patients in 2016-17. A survey demonstrated
considerable diversity of approach to sepsis identification [Inada-Kim 2016]. In 2019 the
CQuIN contract was adjusted to require use of the NEWS2 for sepsis screening [NHS
England 2019], with broad-spectrum antimicrobials administered within one hour to adult
patients with a NEWS2 score =5 in whom sepsis was suspected.

6.5.1.4 The 2016 aim to halve the number of drug-resistant infections has not been
achieved. While resistance of £.col/ in bloodstream infections has remained stable to
third-generation cephalosporins, quinolones, aminoglycosides and piperacillin/
tazobactam, increases in resistance have been noted for K.pneumoniae (8% in 2019
compared to 6% in 2015). For Pseudomonas spp the highest resistance (5%] is to
piperacillin/tazobactam [ESPAUR 2019-2020]. The latest UK AMR action plan (2019 - 2024]
has updated targets to halve healthcare-associated Gram-negative bloodstream
infections; further attempts to reduce the number of specific drug-resistant infections by
10% by 2025; reduce UK antimicrobial use in humans by 15% by 2024; reduce UK
antimicrobial use in food-producing animals by 25% between 2016 and 2020; define new
objectives by 2021 for 2025; and to be able to report on the percentage of prescriptions
supported by a diagnostic test or decision support tool by 2024. While such targets are
measurable, they do not take into account appropriate antimicrobial prescribing which is
critical in sepsis.

6.5.2 Initial Antimicrobial Prescribing Practices

6.5.2.1 Hospital Trust antimicrobial prescribing guidelines vary in their recommendations
for antimicrobial treatment of sepsis of unknown source [Appendix Fig 3] [Howard P 2021]
[Pan 2021]. In the setting of septic shock, most add gentamicin to amoxicillin or
amoxicillin-clavulanate, or switch to piperacillin-tazobactam or carbapenems. In
paediatric sepsis, ceftriaxone use is almost universal. All guidelines provide information
about additional cover for patients colonised with multidrug resistance bacteria [e.g.
ESBLs, MRSA]. The desire to minimise drivers of AMR, particularly in critically ill patients
[Denny 2019] creates potential conflicts with current NICE guidance NG51 [NICE 2017] to
give broad-spectrum intravenous antimicrobials at maximum dose within one hour to
patients with suspected sepsis who meet one or more of their high-risk criteria. In
meningococcal disease, the NICE guidance recommends parenteral benzylpenicillin in
the community and ceftriaxone in the hospital setting, and piperacillin-tazobactam for
suspected neutropenic sepsis in hospital. More recently, NICE has produced treatment
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guidance for common infections that should be tailored to local antimicrobial resistance
patterns [NICE March 2021].

Broad or narrow spectrum antimicrobials? Key points

The definition of broad- versus narrow-spectrum antimicrobials is largely based on the
intrinsic resistance profile [Reygaert 2018]. Emergence of resistance locally may impact on
the spectrum of activity. For empiric treatment of sepsis of unknown aetiology, the
antimicrobial should be broad spectrum [NICE guidance].

Empiric antimicrobial therapy should take into account the likely source of infection [e.g.
intra-abdominal, wound, ventilator-associated pneumonial, previous bacteriology (prior
infections or colonisation with resistant bacteria), and risk factors such as long term
residential care, hospital-acquired infection, immunosuppression or overseas travel.

As more information is gained about the patient’s infection, antimicrobial susceptibility
pattern and clinical response, antimicrobial treatment should be narrowed accordingly and
unnecessary antimicrobials discontinued (de-escalation].

Selection of antimicrobials should be guided by local antibiograms, speed of action, tissue
penetration and patient response. Beta-lactam antimicrobials are widely used as they have
good penetration and little impact on renal function; they may be combined with an
aminoglycoside for additional bactericidal activity if this is regarded as advantageous,
though the evidence base is weak and its use generally discouraged [Paul 2014]. Some
centres have adopted continuous infusions to achieve target plasma concentrations.

In terms of treating infection in general, the WHO has proposed a classification of
antimicrobials as Access, Watch and Reserve as part of their Essential Medicines
classification. This has been adapted for the UK [Budd 2019] [Appendix Table 1] to guide the
use of preferred first line antimicrobials [Access], those broad-spectrum with higher
resistance potential [Watch], or those which should be only be used as last-line agents where
there are no other option [Reserve]. The UK AMR National Action Plan has set targets to
reduce the antibacterial consumption in the Watch and Reserve groups by 10%.
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Monotherapy or combination therapy: key points

- Cover can be achieved using monotherapy with a broad-spectrum agent or a
combination of antimicrobials with narrower spectra depending on local resistance rates,
and patient factors including likely infection site, age and allergy status.

— The current literature (Strich 2020] [Evans 2021] suggests that combination therapy with
double coverage should be reserved for patients who are severely ill with septic shock
and likely to be at risk of having a multidrug resistant Gram negative infection.

— Immunosuppressed patients are more likely to be colonised with multidrug resistant
organisms, but the evidence is not conclusive that combination therapy offers better
outcomes without patient harm. A review of local antibiograms at a unit level should
guide empiric treatment. [Strich 2020].

— In the UK, Gram-negative bacterial resistance to commonly used broad spectrum
antimicrobials is low overall, but growing slowly [ESPAUR 2019-2020], thus combination
therapy is currently rarely required for empiric therapy. Combination therapy may be
considered for treatment of patients with risk factors or in settings where resistance is
high (e.g. ICUs with outbreaks of specific resistance]. For example, NICE CG151 guidance
on neutropenic sepsis [NICE 2012] only recommends cover with piperacillin-tazobactam
monotherapy without aminoglycosides unless there are patient-specific or local
microbiological indications. Nonetheless, two-thirds of English hospitals add an
aminoglycoside, despite a 2019 stakeholder review of the guidance, but this is not unique
to the UK [Verlinden 2020].

- Some hospitals, based on their local antibiogram, may use combination therapy to cover
for known gaps in cover e.g. amoxicillin-clavulanate plus gentamicin or amikacin, rather
than use piperacillin-tazobactam monotherapy.

— Patients with known or presumed penicillin allergy are a potentially problematic group. A
health records study in primary care has reported an association between documented
penicillin allergy and adverse events including mortality [West 2019]; the authors
recommend a penicillin challenge test to establish the patient’s true status. In the
setting of treating sepsis in hospital, given the low risk of cross-reactivity, most
clinicians will substitute cephalosporins or carbapenems for beta-lactam antimicrobials,
or conduct a challenge test.

6.5.3 Antimicrobial stewardship

6.5.3.1 Antimicrobial stewardship is emphasised in guidance from NICE [NG15, 2015] and
Public Health England “Start Smart then Focus” [PHE 2015], and needs to be embedded in
all aspects of infection management and control across health systems [Infection
Management Coalition 2022]. NICE and PHE recommend that antimicrobials should not be
continued beyond 7 days unless supported by local guidelines or expert review. Shorter
course therapy (b-7-days] are as effective as a 14-day course for treating uncomplicated
Gram-negative bacteraemia [Yahav 2019] or for empirical therapy [Evans 2021]. Longer
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courses may lead to increasing resistance: [Teshome 2019] showed that for each
additional day of piperacillin-tazobactam after day three resulted in an 8% increase in
resistance. Rapid ‘rule-out’ tests to exclude bacterial and fungal pathogens [Yui 2020] or
normal host response markers [Christ-Crain 2006] in blood samples have the potential to
forego or allow earlier discontinuation of antimicrobials if the patient’s clinical condition
permits. Interventions that support clinical decision-making enhance effective
stewardship [May 2021] [Ouldali 2017]. NIHR-funded trials are currently underway in the UK
in adults [ADAPT SEPSIS] and children [BATCH] using biomarkers to guide antimicrobial
discontinuation, and in the ED to guide stratification of patients who urgently need IV
antimicrobials [PRONTO].

6.5.4 Forty-eight hour patient review

6.5.4.1 As more information is obtained about the infection and possible bacterial
aetiology, if the patient’s condition is improving, the clinician should consider switching
to narrow-spectrum treatment and limiting duration of treatment to five days. This will
minimise harm from broad-spectrum drugs and limit the potential for developing
collateral resistance in non-targeted organisms. Public Health England [PHE 2015]
encourages a review of the clinical diagnosis and continuing need for antimicrobials
within 48-72 hours from initiation. At this point, additional information about the patient'’s
presenting complaint is usually available, including microbiological results, radiology
reports, biomarkers and clinical progress.

6.5.4.2 A bacterial aetiology may not be confirmed, especially in pneumonia, or if a
specimen could not be collected before antimicrobial treatment was started. This should
not prevent actions being taken for re-evaluation of treatment. Changes impacting AMR
include stopping antimicrobials altogether if there ceases to be an indication, de-
escalation to narrower spectrum, or switching depending on laboratory and clinical
information. The literature on de-escalation is controversial, covers many different
settings and interpretation of outcomes is made difficult by differences in local ecology
and patient characteristics [De Waele 2020]. However, de-escalation does not appear to
produce worse outcomes [Paul 2016] [Tabah 2020].

6.6 Increasing resistance patterns in the UK

6.6.1 Inthe absence of reliable, inexpensive and rapid diagnostics to identify AMR at the
bedside, the choice of antimicrobial for a patient with suspected sepsis in the ED will be
empirical and determined by the likely site of infection and the local resistance patterns
of pathogens thought to be responsible. With a national focus on antimicrobial
stewardship, change in AMR in the UK has been more limited than in some other
European countries. However, antimicrobial resistance in some species has been
increasing; incorrect antimicrobial choices have contributed to prolonged hospital
admission or reduced survival. General practice accounts for 86% of total antimicrobial
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use in England, constituting the major pressure on emergence of resistance [ESPAUR
2019-2020]. Stewardship programs have had some success and driven a 14% reduction in
prescriptions between 2015 and 2019.

6.6.2 According to European Antimicrobial Resistance Surveillance Network [EARS-Net)
data collected for the UK from 2014-2019 [ECDC], resistance of Klebsiella pneumoniae to
third generation cephalosporins rose from 9.3% to 13.2%, and to quinolones from 7.7% to
12.8%; carbapenem resistance however remained uncommon (0.8% to 0.7%)].
Pseudomonas aeruginosa has become increasingly resistant to piperacillin-tazobactam
(4.0% to 5.6%) and quinolones (5.4% to 8.7%) but little change was seen with ceftazidime
(4.6% to 5.0%) or carbapenems (6.3% to 5.9%). Escherichia coli resistance to third
generation cephalosporins and quinolones changed little [10.5% to 11.5%, 16.8% to 17.8%]
while carbapenem resistance remained rare [0.1% to 0.0%)]. By contrast, resistance of
Staphylococcus aureus to methicillin fell from 11.3% to 6.0% following a national MRSA
reduction scheme. Similarly, the PHE ESPAUR report has noted a rise of 2.4% in resistant
key pathogen bloodstream infections since 2015.

6.7 Relationship between timing of antimicrobial administration
and outcomes

6.7.1 Early studies that retrospectively analysed hospital databases and registries
suggested a near-linear relationship between increasing risk of death and delay in
administering antimicrobials for suspected sepsis and septic shock, commencing as
early as the first hour after diagnosis, triage or even admission to hospital (e.g. Kumar
2006, Ferrer 2014]. These data influenced guideline bodies and funders to promote
antimicrobial administration within an hour of diagnosis [Rhodes 2017] [US Centers 2021]
[NHS Sepsis CQUIN 2015]. However, most other studies failed to confirm such a
relationship unless delays to initiation of treatment were considerably longer [Taylor 2021]
[Asner 2021]. Such studies include a randomised, controlled trial of pre-hospital
treatment [Alam 2018], and prospective observational studies specifically addressing this
question (e.g. Seok 2020b, Abe 2019, de Groot 2015]. Two prospective multicentre quality
improvement programs that aimed to institute antimicrobials within an hour of diagnosis
of sepsis/septic shock also failed to show outcome improvements (Bloos 2017, Ferrer
2018], although in both programs the improvement achieved in absolute time to
administration of antimicrobials was modest and the aim of instituting antimicrobials
within an hour was missed. Riddel et al have undertaken a pre-planned secondary
analysis of 6576 septic patients requiring intensive care admission with time zero defined
as first documented organ dysfunction; they found no significant increase in mortality
unless delay in antimicrobials exceeded six hours [RUddel 2022].

6.7.2 There are multiple reasons for this disparity, well discussed in Weinberger [2020]
and Asner [2021]. Most of the time-to-antimicrobial studies provide a linear,
amalgamated estimate with ranges varying from 6 hours to 24-48 hours, or even longer.
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This misleadingly suggests that each hour interval has an equivalent effect on mortality.
Ideally, independent estimates should be generated for each hourly interval.

As described below, selecting an effective antimicrobial from the outset and achieving
adequate and timely source control may have a greater impact on outcomes.

6.7.3 Infection is not confirmed in as many as 40% of patients admitted with a
preliminary diagnosis of an infectious process [Klein Klouwenberg 2015, Heffner 2010,
Contou 2016, Shappell 2021]. ‘Time Zero' is also contentious [Weinberger 2020] - different
studies variably adopt time of arrival in hospital, triage, discovery of hypotension or
diagnosis of sepsis. As one example, a large retrospective study reported an hour-by-
hour delay to antimicrobial administration was associated with a higher risk-adjusted in-
hospital mortality [Seymour 2017b]; however there was a 6 hour window for triggering the
treatment protocol after arrival at the Emergency Department and up to 12 hours’ delay in
commencing treatment despite a mandated 3-hour sepsis treatment bundle. Many
studies have failed to address the impact of delay in terms of illness severity, acuity or
trajectory, and to analyse these subsets independently. An important unmeasured
confounder is presentation with vague symptoms of sepsis; this is particularly seenin
elderly, co-morbid populations whose underlying risk of death is much greater and in
whom treatment can be markedly delayed as a consequence (Filbin 2018a, Filbin 2018b].
In this study, vague symptoms were independently associated with mortality whereas
time-to-antimicrobials was not. Conversely, critically ill patients tend to be identified and
treated earlier but their underlying risk of death is often higher. Careful adjustment for
illness severity and other risk factors is therefore necessary but often incomplete or
poorly described.

6.7.4 Data on the preceding length of signs/symptoms and the trajectory of deterioration
are rarely captured. Whiles et al [2017] did identify 984 of 3929 Emergency Department
patients who later progressed to septic shock after commencement of antimicrobials.
They reported an 8% increased risk of progression to septic shock for every hour’s delay
in treatment and a 5% increase in mortality risk. However, as described above,
description of a linear progression is misleading; the proportion of patients progressing to
shock was fixed at approximately 20% for the first five hours of delay, at approximately
35% for delay between 6-18 hours, and 55% in the 2-3% of patients not treated until
beyond 18 hours.

6.7.5 Illness severity at presentation likely plays an important role: the need for
therapeutic urgency will be more pressing in the critically ill patient than in the patient
with an uncomplicated infection and the impact of delay may be greater. The above-
mentioned study from Seymour et al [2017b] found risk of death was significantly higher
with hour-by-hour delay but only in those septic patients requiring vasopressors. Other
studies have found no hour-by-hour relationship, even in patients with septic shock [e.g.
Seok 2020b, Abe 2019], though most of the patients in these studies were commenced on
antimicrobials within 6 hours of diagnosis. Meta-analyses and primary care studies of
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low-risk populations with respiratory tract [Stuart 2021] or urinary tract infection
[Shallcross 2020] indicated that, compared to immediate antimicrobial prescription,
delayed or withholding antimicrobials was safe and effective for most patients, evenin
the elderly. Prospective trials randomising patients to early or delayed treatment have
not been performed in sicker populations. Intriguingly, a single before-after study
conducted in a university hospital surgical ICU did suggest that waiting for objective
confirmation of infection before initiating antimicrobial treatment did not worsen
mortality and could even be associated with better outcomes [Hranjec 2012]. A
prospective study of 3035 septic patients in the ED has shown increased mortality with
delay in antimicrobials at 3 hours for patients in septic shock, but not for those with
sepsis without shock [Im 2022]. The Surviving Sepsis Campaign’s most recent guidance
now suggests a three-hour window for administering antimicrobials for possible sepsis
without shock [Evans 2021].

6.7.6 Distillation of the published literature in a recent systematic review and meta-
analysis highlighted the wide variability in time-to-antimicrobials metrics, subsequent
outcomes, and the lack of a robust time threshold [Asner 2021]. A recent narrative review
conducted by infectious disease and intensive care specialists assessing the impact of
time to antimicrobial therapy on clinical outcomes in emergency department patients
with suspected bacterial infections concluded that withholding antimicrobials until
diagnostic results are available (e.g. by 4-8 h] appears acceptable in most cases unless
the patient is critically ill, e.g. with suspected septic shock or bacterial meningitis
[Nauclér 2021]. However, even in bacterial meningitis, an adverse effect on mortality was
detectable only if time to antimicrobials exceeded 6 hours [Bodilsen 2016]. Such data
have prompted recent policy statements from US infectious diseases and emergency
medicine societies to adopt a more nuanced approach to antimicrobial therapy with
immediate treatment reserved for the patient in shock, for those with an acute life-
threatening infection such as meningitis or necrotising soft tissue infection, or those
showing a rapidly deteriorating trajectory [IDSA Task Force 2018, Rhee 2021, Yealy 2021].

6.7.7 The same principle of allowing sufficient time to undertake focused investigations
might apply to patients with febrile neutropenia. NICE 2021 guidance [NICE CG1512012] on
neutropenic sepsis recommends immediate empiric intravenous piptazobactam.
However, this has become the norm for all patients with febrile neutropenia, not all of
whom have sepsis and many of whom can be managed on an out-patient basis avoiding
intravenous broad-spectrum antimicrobials [Pettit 2021]. A meta-analysis of three studies
in febrile neutropenia which reported mortality (two paediatric, one adult) suggested a
possible trend for better outcomes associated with time to antimicrobials of <60 mins
compared with >60 mins [OR 0.78, 95%CI 0.16-3.69] [Koenig 2019], though triage bias was
a likely confounding factor. This might work in either direction: if more severely ill
patients get antibiotics earlier, this might explain one study in which outcomes were
worse in neutropenic children who received antimicrobials within 60 mins [De laMaza
2015]. In a prospective study of 249 cancer patients with febrile neutropenia,
inappropriate initial antimicrobials were associated with higher mortality (OR 3.5, Cl 1.49-
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8.28] but time to treatment was not [Peyrony 2020]. This suggests that in less severely ill
patients, therapeutic specificity may be more important than urgency. There are three
recent paediatric studies which suggest that permitting a longer time for patient-focused
decision making is feasible, though caution is required in interpretation as event rates
were low. The first study compared specialist with non-specialist paediatric centres in the
USA, and reported a greater likelihood of delay in receiving antimicrobials (>60 mins] in
non-specialist centres, but no association with subsequent deterioration [Wadhwa 2022].
The second single-centre ED study of 179 episodes of febrile neutropenia in 86 children
also found no impact of delay in antimicrobials beyond 60 mins [Dessie 2022]. The third
showed that improvements in processes of care reduced time to initial antimicrobials
without associated improvements in outcomes [Seltzer 2021].

6.7.8 Assessment of severity of sepsis in this group of patients is conventionally
undertaken using either the Multinational Association for Supportive Care in Cancer
(MASCC] score or the Clinical Index of Stable Febrile Neutropenia [CISNE] score, the later
providing better specificity [Coyne 2017] [Zheng 2020]. A preliminary report suggests that
NEWS may also perform well in this group [Nicolino 2017]. Large scale studies are required
in these susceptible patients which link severity assessment with point of care
diagnostics, and which take into account lead time bias to determine treatment urgency
for individual patients.

6.8 Appropriate vs inappropriate empiric antimicrobial therapy and
relationship to outcomes

6.8.1 Two recent systematic reviews have focussed on studies examining
appropriateness of antimicrobial therapy [Zasowski 2020] [Bassetti 2020]. The first
[Zasowski 2020] studied the impact of delay on outcomes in 35 identified studies of which
none was randomised and only three were prospective cohort studies. All studies were
criticized for the lack of a robust design to assess causality and suboptimal description
and/or adjustment of confounding factors. Eighteen studies included only patients with
bacteraemia while eight specifically focussed on pneumonia. Illness severity varied
considerably across studies. Of the 19 studies comparing mortality in patients receiving
appropriate therapy with and without delay, the no-delay group had a significantly lower
mortality (OR, 0.57; 95% Cl: 0.45-0.72]. Non-significant trends were however reported for
subsets of patients in septic shock, with pneumonia and infected with Gram positive
pathogens. Seven studies reported mortality as a function of time to administering
appropriate antimicrobials; mean time to appropriate therapy ranged from 3.8-166 hours
in non-survivors and 1.8-67.2 hours in survivors. Overall, no significant difference was
noted in time to appropriate therapy between survivors and non-survivors [mean
difference, 2.7 hours; 95% CI: -0.45 to 5.86] although between-study heterogeneity was
high. A further eight studies reported mortality by multiple periods of time to appropriate
therapy, of which half found a significant effect. However, these were mainly reported in
terms of days of delay rather than hours.
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6.8.2 The second systematic review [Bassetti 2020] compared appropriate versus
inappropriate initial antimicrobial therapy on outcomes of patients with severe bacterial
infections. They identified 114 studies, 19 conducted specifically in ICU patients. Overall, in
94 studies in which raw data were available, mortality rates were significantly lower in
patients receiving appropriate antimicrobials (OR 0.44; 95% CI:0.38-0.50]. Treatment
failures, reported in six studies, were significantly reduced in the appropriate
antimicrobial group [OR 0.33; 95% CI:0.16-0.66]. Hospital length of stay was non-
significantly shorter, but ICU stay was unaffected.

6.8.3 Aretrospective cohort analysis of 21,608 patients with bloodstream infections
treated in 131 hospitals in the USA reported that one in five patients received discordant
empirical antimicrobial therapy. This was associated with increased risk of mortality
(adjusted odds ratio 1.46 [95% Cl 1.28-1.66]] which was independent of sepsis but strongly
related to the presence of antimicrobial resistant species [OR 9.09] [Kadri 2020].

6.9 Source control

6.9.1 Source control [defined as undertaking physical intervention to treat the origin of
sepsis] is of relevance only to bacterial and (less commonly] fungal infection. It can range
from straightforward removal of infected intravascular catheters, through radiological
drainage procedures, to major intra-abdominal surgery and extensive soft tissue
debridement. Patients with sepsis who require source control interventions are unlikely to
be treated adequately with only antimicrobial therapy and there is therefore a specific
need to consider source control as soon as a clinical diagnosis has been made. The
evidence base for optimal timing of source control is limited and analysis problematic,
with the few published studies providing only limited data, derived mainly from
retrospective analysis of the relationship between timing of source control and mortality
in heterogenous patient groups. Additionally, separating the effects of source control
from antimicrobial therapy on outcome can be challenging because, for those patients
with sepsis for whom source control is also required, it is inevitably provided as part of a
package of care which also involves antimicrobial therapy. Finally, surgical interventions
undertaken to provide source control are frequently associated with acute
pathophysiological changes resulting from the source control intervention itself, such as
those related to bleeding, anaesthesia, pain and analgesia.

6.9.2 Atarget of no more than 6-12 hours after diagnosis has been recommended for
implementation of source control [Rhodes 2017]. However, evidence underpinning this
guideline is reliant solely on observational data and is also conflicting, even from the
same group [Buck 2013][Vester-Andersen 2016]. Some studies suggest better outcomes
with intervention before 6 hours [Buck 2013] [Azuhata 2014],[Bloos 2014], and the last of
these studies noted that inadequate surgical source control was associated with an
increase in mortality at 28 day. However, other studies have failed to identify an
association between delay in source control of greater than 6 hours and risk of death,
even if delay exceeded 12 hours [Vester-Andersen 2016] [Kim 2019]. In the Vester-
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Andersen study of 2,803 patients undergoing emergency abdominal surgery, the crude
odds ratio for 90-day mortality was significantly increased when surgical delay up to 48
hours was assessed as a continuous variable; however, significance was lost after
adjustment for known adverse prognostic variables and this lack of effect was maintained
in sensitivity analyses. For necrotising soft tissue infections, in a retrospective study of
106 patients Boyer et al [Boyer 2009] reported that a delay >14 hours from time of
diagnosis to surgical treatment in shocked patients was independently associated with
mortality. These differences may be partly explained by the heterogeneity of diagnoses
for which source control is required and the nature of the source control intervention.
Some studies of source control have combined patients with septic shock with less
unstable patients and have also combined patients suffering from gastrointestinal
perforation from various sources (for example, upper vs lower gastrointestinal tract], as
well as other pathologies, including intestinal obstruction and ischaemia. It is likely that
the rate of deterioration and the impact of source control on outcome [and therefore the
urgency of source control required to treat sepsis) will vary considerably in these
circumstances.

6.9.3 Boyd-Carson et al (2020] noted in 3,809 patients with upper gastrointestinal
perforation that even a delay between 1 hour [“immediate”] and 3 hours in provision of
source control was associated with a statistically significant 18% increase in 90 day
mortality and that there was an overall 6% increase in mortality with each hour that
passed following admission. Azuhata et al (2014) found that no patient survived 60 days
when source control took longer than 6 hours in 154 patients with gastrointestinal
perforation and septic shock, whereas 98% survived when surgery was undertaken within
2 hours. Ruddel et al [2022]) studied 1,595 patients in 40 German ICUs and found that time
to surgical source control was significantly associated with increased odds of death only
among patients with septic shock. A recent study [Reitz 2022] of 4,962 patients
undergoing source control procedures for community-acquired sepsis has shown a higher
risk-adjusted in-hospital and 90-day mortality amongst patients whose source control
procedure started six hours or more after sepsis onset [‘time zero’], defined as
identification in the electronic health record of the first administration of antibiotics and
acquisition of a culture specimen. There was a further reduction in risk-adjusted mortality
of 0.5% if source control started at three hours, and progressive increases for intervals
exceeding six hours. In a post-hoc analysis of 1,077 adult patients with peritonitis in 306
ICUs from 42 countries [De Pascale 2022], the investigators found a lower odds of
mortality amongst those patients who underwent source control within 2-6 hours [OR 0.5
[0.34-0.73] compared with a shorter or longer interval.

6.9.4 Current surgical guidance from the Royal College of Surgeons of England [2018]
recommends that in surgical patients with septic shock, source control procedures
should be initiated within a maximum of 3 hours of diagnosis. In surgical patients with
sepsis without shock, source control procedures should be initiated within a maximum of
6 hours. The Enhanced Recovery After Surgery ([ERAS] Society guidelines for patients
undergoing emergency laparotomy include the same recommendations for timeliness of
source control [Peden 2021].
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6.9.5 In general, source control should be conducted, when possible, in a setting of
adequate ‘medical’ stabilisation of the patient, including correction of respiratory,
haemodynamic and coagulation disturbances, recognizing that prolonged efforts may not
necessarily achieve stabilisation in the most unstable patients [Solomkin 2010]. In the
sickest patients, simultaneous measures to achieve source control and to stabilize the
patient will frequently be required and it may be appropriate to undertake source control
in some cases without waiting for confirmatory radiology (Royal College of Surgeons of

England 2018].

6.9.6 The method of source control should be chosen on the basis of benefit:risk ratio for
each possible intervention, expertise available, risks of transfer for the procedure,
potential delays, and likelihood of success.

6.10 Preventability and attributability of deaths in sepsis

6.10.1 The aim of antimicrobials and source control procedures is to reduce mortality and
morbidity, hospital stay, costs and long-term sequelae. However, in high and middle-
income countries most patients dying of sepsis are elderly [Singer 2019], and their
outcomes are strongly influenced by frailty and co-morbidity. A retrospective review of
568 hospital deaths [Rhee 2019] identified sepsis in 300 [52.8%)]. Of these, significant
co-morbidity was present in the large majority and only 3.7% were adjudged definitely or
moderately preventable. A retrospective case note review of patients treated for
suspected sepsis in a Sheffield emergency department showed a median age of 74 years,
57.5% were not living independently, 58.5% could not walk unaided, 22% had a
pre-existing DNA-CPR order, and 90% had important life limiting co-morbidities [Sabir
2021]. Comparable data have been reported from point prevalence studies conducted in
all acute Welsh hospitals [Kopczynska 2018]. Of 166 sepsis deaths, 12 [7.2%] were
considered directly related to sepsis, 28 [16.9%] possibly related and 96 [57.8%) unrelated
to sepsis. Of the 40 likely attributable deaths, more than three-quarters had high Clinical
Frailty Scores, 28 [70%] had an existing DNA-CPR order and 17 [42.5%]) had limitations of
care orders. The implications of these observations are that in many cases the scope for
modifiable mortality is limited, the burdens of active treatment may be considerable, and
patient preferences for treatment intensity need to be determined through informed
discussions, ideally before they become acutely ill.

6.10.2 Given these perspectives, the salient issue is not ‘how can we make clinicians
prescribe broad-spectrum antimicrobials within one hour to all patients with suspected
sepsis’but ‘what is the best method for helping clinicians identify those patients with
sepsis most likely to benefit from timely appropriate antimicrobials’. We consider next
two approaches: laboratory methods for diagnosing infection, and clinical methods for
assessing severity of illness.
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6.11 Developments in the early diagnosis of infection
— laboratory methods

6.11.1 Without a fast and reliable means of bedside diagnosis of sepsis, treatment
decisions for infection and associated organ dysfunction remain empirical and may result
in overuse of antimicrobials, delayed treatment and failure to recognise non-infectious
causes [Tidswell 2021]. Sepsis can be caused by bacterial, viral, fungal or parasitic
infections; non-infectious causes can produce similar symptoms and laboratory/
radiological findings. Timely antimicrobial treatment reduces morbidity and mortality in
bacterial infection but avoiding unnecessary use is also important to minimise adverse
effects: Tamma et al found that 20% of patients suffered one or more antibiotic-
associated adverse events, and 20% of non-clinically indicated antibiotic regimens were
associated with adverse events [Tamma 2017/]. Failure to diagnose and treat a non-
bacterial infection or a non-infectious cause can be equally damaging.

6.11.2 Diagnosis of sepsis made in the ED is frequently not confirmed by subsequent
expert review [Sabir 2021]. Of 300 ED patients with suspected bacterial sepsis who
received broad spectrum antimicrobials, 104 [35%] were ultimately considered to have a
non-infectious (72%)] or viral (28%)] cause for their illness [Shappell 2021]. Of 2579 patients
admitted to two Dutch ICUs with a diagnosis of suspected sepsis, 13% were subsequently
adjudicated as having a post-hoc infection likelihood of “none”, and 30% as only
‘possible’ [Klein Klouwenberg 2015]. Clinical signs and symptoms are often non-specific,
but stricter definitions of sepsis carry lower sensitivity. Immunosuppressed or elderly
patients may not develop fever, leukocytosis or tachycardia, while younger patients may
not present with typical features of physiological deterioration until very late [Knight
2014]. Cases of puerperal sepsis, meningococcal sepsis or necrotising fasciitis may have
additional pathognomonic clinical features that alert clinicians to a diagnosis of bacterial
infection. However, unless such conditions are suspected, over-reliance on traditional
physiological markers can be misleading in the early stages. An emphasis on sepsis
could also distract from alternative diagnoses resulting in delays in appropriate
treatment for other conditions.

6.12 Microbiological diagnosis

6.12.1 As source identification is a priority, samples of relevant body fluids should be
taken as early as possible. Blood cultures are the current gold standard for diagnosis of
bloodstream infection [BSI]. Poor practices around the blood culture pathway [such as
avoidable delays measured in days, not hours) have continued despite established
clinical standards, resulting in substandard patient care and misunderstandings about
effectiveness. In an optimised pathway most significant positive blood cultures will flag
positive within 12 hours of collection. Detection rates depend on the prior [pre-test]
clinical probability of infection [Coburn 2012], the volume of blood drawn [two sets, total
volume 32-40ml of blood in adults], concurrent antimicrobial therapy, and timely
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laboratory processing. Attention to aseptic technique is important to minimise false
positive rates [Snyder 2012]. A significant positive blood culture frequently identifies the
source of infection, which in an optimised pathway allows timely correction of discordant
empirical therapy (20-30% of patients may be on ineffective treatment as judged by
laboratory testing) but also permits early de-escalation of antimicrobials, thereby
preserving antibiotics for the future [PHE 2019] [NHSEI Nov 2021 /n press]. As rates of
antimicrobial resistance rise, deficiencies in empirical therapy are likely to follow. Early
identification of bloodstream pathogens and resistance will probably improve population-
level outcomes [Kadri 2021]. NHS England and NHS Improvement will be producing
updated guidance on the blood culture pathway to aid preservation of antimicrobials and
improve patient outcomes. Newer diagnostic techniques permit faster identification of
pathogens from positive blood cultures e.g. matrix-assisted laser desorption/ionization-
time of flight [MALDI-TOF) mass spectrometry [Osthoff 2017] [Yuan 2020].

6.12.2 Concurrent primary bacterial infection in patients with COVID-19 has been reported
at 5.5% [Baskaran 2021], with a 1% blood culture positivity rate [Thelen 2021].
Antibacterial treatment is not recommended in the absence of positive cultures and
clinical suspicion of bacterial infection [Russell 2021] [NICE 2020] [Scottish Antimicrobial
Prescribing Group 2020]. Secondary infection with bacteria or fungi are an important
cause of sepsis and mortality in these patients [Guo 2021], the prevention and detection
of which require continuing vigilance.

6.13 Rapid molecular tests for identification of pathogen and
resistance genes

6.13.1 The emphasis on timely antimicrobial treatment has stimulated the development
of many point-of-care or laboratory molecular diagnostic tools for pathogen detection
and antimicrobial resistance with a rapid turnaround time. Some devices are already
commercially available. Rapid pathogen and resistance gene identification can be
performed directly on blood within 3-5 hours without the need for culture yet
demonstrate good concordance with traditional culture [Nguyen 2019]. Other fluid
samples e.g. sputum, urine, cerebrospinal fluid, stool and throat/nose swabs can also
be examined with results obtained within 1-2 hours [Timbrook 2021] [Yoo 2021].

6.13.2 Molecular diagnostics, such as polymerase chain reaction (PCR] identification of
pathogen DNA or RNA and resistance genes, nucleic acid hybridisation and
electrochemical detection, is an exciting area of development. [Vasala 2020]. Patients
with bacterial infection are often not bacteraemic. The yield from molecular tests on
blood samples is up to three-fold higher and is associated with worse outcomes in
culture-negative patients [0'Dwyer 2017]. The predictive value [rule in and/or rule out)

of a blood test in detecting a [blood culture negative] compartmentalised infection also
needs to be determined [Kalligeros 2020].
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6.13.3 However, there are important outstanding questions surrounding these rapid
tests. There is a risk of contamination during sampling, identification of commensal or
other organisms that may be unrelated to the presence or cause of infection [Blauwkamp
2019], or a positive result being obtained despite the microorganisms being no longer
viable. There are over 1600 antibiotic resistance genes (McArthur 2013] and current
technologies allow only a handful of the commonest resistance genes to be detected.
The accuracy of any new rapid Antimicrobial Susceptibility Test [AST] must be validated
against standard recommended growth-based methods.

6.13.4 This learning curve has meant that rapid pathogen detection tests have not yet
been generally accompanied by changes in antimicrobial prescriptions (for example,
broad to narrow-spectrum], particularly when reported out of hours [MacGowan 2020,
Sweeney 2019]. However, once confidence is gained they will likely play an important role
in antimicrobial stewardship by determining the need for specific antimicrobials, in
reducing time to appropriate treatment, and in earlier narrowing of the spectrum of
treatment [Kalligeros 2020]. Tests to exclude the presence of pathogens are less
common though potentially useful [Yui 2020].

6.13.5 The COVID-19 pandemic has demonstrated that molecular ([PCR]-based testing
for viral infections is both feasible and useful in the ED. Tests that identify a viral
pathogen can also act as a helpful “rule out” for a primary bacterial infection in
settings where a virus such as Influenza A or SARS-CoV2 might reasonably account for
a patient’s presentation.

6.13.6 Implementing new tests for sepsis could result in an increase in antimicrobial
prescribing. However, if this is a consequence of more appropriate or targeted
prescribing, then such an outcome should not be dismissed [Honeyford 2020]. More
research is needed to identify the impact of diagnostic tests on clinician-prescribing
decisions and patient outcomes, as recommended by the National Institute for Health
and Care Excellence [NICE DG20 2020] and currently funded by the National Institute for
Health Research [NIHR award 17/136/02].

6.14 Host response biomarkers

6.14.1 Biomarkers related to the host response to an inflammatory insult can be
potentially used to predict illness severity, prognosticate, distinguish between infectious
and non-infectious causes, distinguish between viral, fungal and bacterial aetiologies, or
offer a theranostic capability indicating when a specific treatment is indicated, dose-
titrated to an optimal effect and/or discontinued [Opal 2020]. Many rapid diagnostics are
being developed that utilise a range of methodologies including lateral flow
/ELISA/multiplex techniques for immunoassays, flow cytometry, and PCR.

6.14.2 Standard laboratory tests such as C-reactive protein [CRP] and leukocyte count
and, more recently, procalcitonin [PCT] have been traditionally used to guide decisions to
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start or stop antimicrobial treatment. Although PCT levels increase faster than CRP, both
tests lack specificity, increasing in response to non-bacterial or non-infectious causes of
systemic inflasmmation. Variation in guideline recommendations reflect the ongoing
uncertainty in their clinical utility [Tujula 2020]. A study of ED patients has suggested that
CRP is a reliable biomarker for serious bacterial infection in the pre-COVID-19 era, but
performs poorly where COVID-19 is in the differential diagnosis [Li 2021] [Mason 2021].
Procalcitonin may help to quantify severity of illness in febrile neutropenia [Reyes
Mondragon 2021]. Trials are currently in progress to assess these biomarkers as tools for
de-escalation.

6.14.3 Many novel biomarkers, alone or in combination, have been proposed to identify
patients with sepsis [Kim 2020]. Findings are however often inconsistent, with few
biomarker tests to date consistently demonstrating high sensitivity and specificity. This
may reflect potential confounders such as differences between patient populations [e.qg.
adult vs paediatric, immunocompetent vs immunocompromised], and timing of the test
in relation to the patient’s illness. Such tools, once validated, will likely prove very useful
in the future to guide clinical decision making, particularly if cheap, reliable and rapid

to implement.

6.15 Clinical assessment of severity of illness and prediction
of sepsis

6.15.1 Assessing an acutely ill patient requires the clinician to determine severity of
illness, treatment priorities and causation. Scoring systems are an established method
for supporting this complex set of processes. Attempts have been made to develop
severity scoring systems specifically for sepsis as distinct from scoring systems for-all
cause deterioration by including laboratory results or demographic data. However, in
clinical practice, this approach may have unintended consequences.

6.15.2 First, diagnostic uncertainty is common to all sick patients [Inada-Kim 2018]
regardless of cause, and treatment must be equally prioritised and managed as
aggressively as for those with suspected sepsis. Second, the scoring system must be
readily calculable in settings such as in the community, primary care or in an ambulance
without access to pathology or radiology results. Third, the score must be easily
communicable and understood, as patients traverse multiple healthcare settings during
the course of a single episode of illness. Given the rationale for a generic system of
severity assessment that does not require access to laboratory tests, NHS England
published its Sepsis Implementation Guidance in 2017 [NHS England 2017], recommending
a combined ‘all-cause deterioration’ pathway based on the National Early Warning Score
(NEWS]. This provides guidance as to how quickly senior clinical review is required in
response to patients deteriorating with moderate or high NEWS scores. A recent
systematic review of tools and triggers for early identification of sepsis recommends use

46 Academy of Medical Royal Colleges


https://pubmed.ncbi.nlm.nih.gov/31858869/
https://www.thelancet.com/journals/lanmic/article/PIIS2666-5247(21)00145-2/fulltext
https://pubmed.ncbi.nlm.nih.gov/33463683/
https://pubmed.ncbi.nlm.nih.gov/34126299/
https://pubmed.ncbi.nlm.nih.gov/34126299/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7113456/
https://pubmed.ncbi.nlm.nih.gov/29559439/
https://www.england.nhs.uk/wp-content/uploads/2017/09/sepsis-guidance-implementation-advice-for-adults.pdf

Initial antimicrobial treatment of sepsis

of either the quick Sequential Organ Failure Score (qSOFA) supplemented by lactate
measurement, or NEWS [ACSQHC 2021], now updated as NEWS2. We consider these
options below.

6.16 Single parameter systems

6.16.1 Sepsis scoring systems that rely on single extreme physiological parameters as
‘sepsis triggers’ (e.g. heart rate >130 bpm, systolic BP <90 mm Hg] have the appeal of
simplicity. However, it is unusual for a single extreme physiological abnormality to occur
in isolation as a precursor of significant deterioration; rather, a combination of several
[sometimes lower level] abnormalities are more common and more predictive [Smith
2016] [Smith 2008]. When tested on the same population methods such as ‘Red Flag
Sepsis’, the Sequential Organ Failure Score [SOFA], the systemic inflammatory response
syndrome (SIRS], and NICE’s red and amber bands on the NEWS2 score, all had limited
predictive utility and poor concordance [Unwin 2021]. Furthermore, the use of single
parameter systems can increase clinical workload by 40% vyet fail to identify up to 45% of
patients at high risk of death [Kopczynska 2018]. Abnormal single parameters should be
used to alert clinicians to the need for more detailed observation and investigation, but
not as mandates for specific treatment.

6.16.2 Hyperlactataemia is a biomarker of physiological stress, with levels increasing
according to the magnitude of the insult. A systematic review recommended that lactate
measurement be included in severity scoring systems with a cut-point of 2 mmol/L
[ACSQHC 2021]. However, septic patients with normal lactate levels requiring ICU
admission have mortality rates in excess of 20% [Casserly 2015]. Even lactate levels at
the upper range of normal are associated with worse outcomes compared to values at
the low-normal range. A raised lactate in sepsis is not necessarily associated with tissue
hypoxia. In established sepsis, it is more often related to impaired tissue oxygen
utilisation than impaired delivery [Gattinoni 2019]. Other factors may also contribute to
hyperlactataemia including catecholamine administration, increased muscle sodium
pump activity and liver dysfunction. Outcomes are generally better if lactate levels
normalise promptly [‘lactate clearance’] with initial resuscitation. Nonetheless, the
recent ANDROMEDA-SHOCK study showed as good, if not better, outcomes using a
capillary refill-guided resuscitation strategy compared to a lactate clearance-targeted
approach [Hernandez 2019]. Lactate measurement should therefore be regarded as a
useful ‘single parameter’ adjunct to vital signs measurement.

6.17 Quick SOFA [qSOFA]

6.17.1 qSOFA is a quick, simple, validated and easily repeatable method of assessing
acuity of illness severity in patients with infection. It outperforms the systemic
inflammatory response [SIRS) score by measuring just three bedside parameters
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[Seymour 2016] [Singer 2016] [respiratory rate, systolic blood pressure and level of
consciousness] which are also represented in NEWS2. The recent Surviving Sepsis
Campaign guidelines [Evans 2021] recommended against using qSOFA as a single
screening tool; although the presence of =1 gSOFA parameters should alert the clinician
to the possibility of sepsis, sensitivity in multiple studies was overall found to be poor.

6.18 National Early Warning Score [NEWS / NEWS2]

6.18.1 In 2017, the Royal College of Physicians published NEWS2 [RCP 2017], an updated
version of the original NEWS score [Appendix Fig 1]. This quickly gained national support
as 64% of acute trusts in England had already voluntarily implemented NEWS. This
reflects a strong desire to create a standardised language to describe severity of illness
across the NHS to improve the early recognition, escalation, communication and
response to deteriorating patients from all causes and in all settings. NEWS2 goes further
than gSOFA by supplementing the three key parameters of respiratory rate, systolic blood
pressure and level of consciousness with additional measures of acute illness severity -
oxygen saturation, pulse rate and temperature, as well as considering the effects of
oxygen therapy. These extra variables enhance the ability of NEWS2 to identify patients at
risk compared with gSOFA [Redfern 2018].

6.18.2 To enhance communication between GPs, ambulance and secondary care
services by using the same “common language” of concern throughout the patient
pathway, NHS England mandated NEWS2 national implementation across all hospital and
ambulance trusts in 2018 [NHS England]. Currently, 99.5% of acute trusts and 100% of
ambulance trusts use NEWS2. It is also being increasingly adopted in care homes to
monitor residents and when to seek help in the event of deterioration. The Royal College
of General Practitioners Guidance [RCGP 2020] recommends the use of physiological
measurements when assessing patients at risk of deterioration in primary care as an
adjunct to [not as a replacement for] clinical judgement, and recommmends further
research on the use of NEWS2 in this setting.

6.18.3 While the utility of NEWS2 as a clinical decision-support tool not requiring clinical
judgement remains to be validated in general practice, where pre-test probabilities for
severe illness are lower than in the ED [Burns 2018], studies in patients referred
emergently to hospital showed a clear relationship between increasing scores and
increasing mortality risk [Inada-Kim 2020]. Clinical staff working in different contexts view
NEWS as a useful adjunct to clinical decision making and communication [Brangan 2018].
NEWS performs well at detecting and monitoring sick patients from all causes [Smith
2013] including those with infection [Redfern 2018] [Liu 2020]. Even a single NEWS
aggregate score at either pre-hospital or hospital admission predicts those with sepsis or
all-cause deterioration who are likely to die or require critical care [Corfield 2014]
[Melhammar 2019]. Caution is required when applying any of the Early Warning Scores to
specific (and usually single-organ] disease states [Alhmoud 2021]; recalibration may be
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required for Covid-19 and longer-term [30-day) mortality [Richardson 2021] [Baker 2021]
[Scott 2022]. The predictive utility of NEWS2 may be enhanced by combination with
biomarkers such as mid-regional proadrenomedullin [MR-proADM] [Saeed 2019].

6.18.4 A critical question is how best to link specific values of NEWS2 to specific actions
to be completed within specific timeframes. The NICE guideline on sepsis recognition,
diagnosis and early management [NICE Guideline 51] uses NEWS2 to categorise as high-
risk those adult patients who score 3 on any vital sign [red columns on the NEWS2 chart,
Appendix Fig 1], and moderate-to-high risk those patients scoring 2 or more [orange-
band). On this basis high risk would be triggered by a single change in either mental
status, use of supplementary oxygen to maintain saturations over 92%, systolic blood
pressure <90 mmHg, or not passing urine for 18 hours [Freitag 2017]. The underpinning
evidence for these cut-points is not strong. In a systematic review of studies of patients
with infection receiving care outside the intensive care unit, a NEWS score =5 predicted
death with a pooled sensitivity, specificity, and AUC of 0.80 [95%CI 0.71, 0.86], 0.50 [95%ClI
0.36, 0.63], and 0.73 [95%CI 0.69, 0.76], respectively [Zhang 2021]. A study of 91,871
undifferentiated attendances to two English emergency departments reported a high
predictive accuracy [AUC >0.9] for NEWS2 mortality at 2, 7 and 30 days following
presentation, with the highest likelihood ratio (9] for NEWS =5 [Masson 2021]. The authors
concluded that a NEWS2 score =4 was the best inflection point for escalation of therapy.
However, referrals would increase by approximately 40% compared with a trigger of >5.
Pragmatically, a NEWS =5 identifies adult hospital patients who are severely ill with likely
organ dysfunction, and it is these patients who require urgent assessment by a senior
clinical decision-maker who can then determine appropriate treatment.

6.19 Electronic sepsis alert tools and artificial
intelligence approaches

6.19.1 Advances in electronic patient records and patient information systems have led
to the development of alerting tools, albeit with mixed results. A recent meta-analysis of
digital alerting suggested lengths of stay might be reduced although no improvement in
time to antimicrobials or mortality was demonstrated [Joshi 2019]. A meta-analysis of
wearable monitoring devices in hospitalised patients found no evidence of benefit,
recommending minimisation of false alarms and a focus on the effector response [Areia
2021]. Alert tools can result in ordering of unnecessary investigations, overloading of
clinicians and alarm fatigue. Research and development are ongoing, but independent,
external validation is crucial to both confirm benefit and avoid the potential for
unintended harm [Wong 2021].

6.19.2 Similar caveats apply to the use of artificial intelligence applied to clinical data
sets. Multiple groups have developed predictive algorithms using various permutations of
structured data [e.g. demographics, vital signs, lab results] and topic-aggregated free
text that claim to identify the onset of sepsis or shock well in advance of clinical
recognition [Goh 2021] [Komorowski 2018]. To date these have all used retrospective
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interrogation of electronic healthcare record systems. None, to our knowledge, has
been used in real time nor prospectively validated, let alone shown to impact on
patient outcomes.

6.20 Paediatric Early Warning Score (PEWS)

6.20.1 In England, there has been no single, nationally validated system for recognising
and responding to acutely unwell children, similar to the NEWS score used in patients
over 16 years of age. This significant patient safety risk has been addressed by a Delivery
Board with representation from NHS England and NHS Improvement, the Royal College of
Paediatrics and Child Health and the Royal College of Nursing [RCN]. An English national
PEWS called ‘system-wide paediatric observations tracking’ (SPOT] has been developed
and is undergoing piloting to recognise deterioration across primary and community care,
through ambulance services, emergency departments and into hospitals [RCPCH] [Roland
2021]. Using a common language could improve outcomes in children, as has been
achieved in adults with the use of NEWS [Pullyblank 2020]. This will help to address the
high false positive rate and consequent over-treatment of children associated with the
use of the NICE Guidance 51 sepsis thresholds [Nijman 2020] [Gomes 2021].

6.20.2 Arecent retrospective analysis of over 11,000 febrile children attending a tertiary
paediatric ED demonstrated excellent and relatively comparable performance across
seven different PEWS scores currently used in the UK, including the proposed National
PEWS, in predicting critical care admission and sepsis-related mortality [Romaine 2021].
These findings support the use of the National PEWS in the ED to improve standardisation
and reduce variability in escalation of care for sepsis. This will need to be validated in
prehospital and inpatient settings, and for non-sepsis presentations. Exploration of its
performance in inpatient settings, such as the ongoing NIHR-funded DETECT study of
electronic PEWS in a single tertiary centre [Sefton 2019], will allow further assessment of
benefit in early sepsis identification.
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7. Synthesis and recommendations

7.1 Quality improvement initiatives such as the Surviving Sepsis Campaign have raised
awareness of sepsis as a universal global health problem and provided a platform for
systematically evaluating new research. In the early stages of the Campaign, improving
patient outcomes demanded an approach which simplified and standardised best
practice, reducing potentially undesirable clinical variation. Now, some twenty years
later, with new research findings available, we propose a modest ‘course correction’
which makes space for clinical judgement in the urgency and timing of administration of
antimicrobials, within an accountable clinical decision framework based on severity of
illness as proposed by the National Confidential Enquiry into Patient Outcomes and Death
[NCEPQOD 2015] and NHS England [NHS England 2017]. This approach will allow clinicians
more time to perform investigations, make patient-focused decisions, and take into
account antimicrobial stewardship while prioritising the most urgent patients.

7.2 The Clinical Decision Support Frameworks for Sepsis

7.2.1 The clinical decision support frameworks [adults Fig 1, children Fig 2, above] are
structured to follow usual care processes. Two sections on initial assessment and a
section on generic actions are followed by assessment and actions related to the clinical
likelihood of infection. These are dynamic instruments designed to permit upgrading or
downgrading of priorities and treatments according to the patient’s condition. They offer
a preliminary logic model which runs thus:

A. Initial assessments and generic actions:
1. Is this patient sick? [judged by NEWS/PEWS scores]
2. Clinical assessment:
i. What other severity of illness indicators do | need to consider in addition
to NEWS?
ii. Does the patient have septic shock?
iii. Is the patient likely to require an emergency procedure to control a
source of sepsis?
iv. Are there any non-acute factors that may affect either urgency or
goals and limits of treatment?

3. What immediate actions are needed to assure patient safety?
i. Monitoring & escalation plan
ii. Generic actions: Initial stabilisation & treatment
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B. Likelihood of infection and specific actions
4. |Is the underlying cause likely to be infection? What type of pathogen is likely
responsible? Infection + evidence of organ dysfunction (generally suggested
by a high NEWS score] = sepsis. What are the goals of treatment and timelines
for sepsis?

7.2.2 Initial assessments and generic actions

7.2.2.1 The working group members were unanimous in basing urgency of treatment on
an assessment of illness severity using vital signs summarised where possible by the
NEWS2 or PEWS scores in secondary care. This assessment of severity and urgency must
then be ‘interpreted’ in the light of the patient’s history, clinical examination, evidence of
deterioration, laboratory tests, assessment of chronic health, comorbidities and frailty,
and personal preferences [patient and next-of-kin or legal representative]. The Royal
College of General Practitioners did not consider the science sufficiently mature to be
able to recommend the adoption of NEWS2 in primary care until further research evidence
was available.

7.2.2.2 For adult patients [Fig 1] the NEWS severity bands are: 0; 1-4; 5-6; and =7. The
working group took into account the opportunity costs associated with different trigger
points: the aim was to promote early identification without imposing undue burdens on
busy staff. These four bands ‘anchor’ subsequent generic actions and sepsis-specific
interventions, adapted to the clinical likelihood of infection. Urgency increases with a
higher band as this is strongly associated with mortality risk. The initial NEWS2 score
must be interpreted in the light of clinical assessment. If the attending clinician has
particular concerns about the patient’s condition or if additional information from
laboratory tests indicates specific conditions of concern such as additional organ
dysfunction or neutropenia, the severity status and accompanying actions should be
upgraded according to patient need, and at least to the next NEWS band.

7.2.2.3 Generic actions include determining the frequency of monitoring, and the
required expertise and seniority of clinical input, and for adults these range from
standard observations (as determined by hospital policy] for patients with a NEWS2 score
of 0, to observations and review within 30 mins by a clinician competent in acute illness
assessment for a NEWS2 score =7, escalating this to senior medical review within one
hour if the patient’s condition is not improving.

7.2.2.4 Initial investigation and stabilising the patient’s physiology as required [oxygen,
fluids, electrolyte replacement, glucose control, treatments for likely underlying
conditions] should be complete within 6 hours [NEWS 1-4], within 3 hours [NEWS 5-6] or
within one hour [NEWS >7).

7.2.2.5 Inchildren [Fig 2], as with the adult guidance, the support framework links the

timing of generic actions to the child's PEWS band. These actions include guidance on the
required level of expertise and seniority of clinical input, and the frequency of monitoring,
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ranging from standard observations (as determined by hospital policy] for children with a
PEWS of zero, to observations and medical review within 1 hour for a PEWS =7,
accompanied by senior medical review within one hour if the patient is not improving.
Because of the propensity in children for rapid decompensation, clinical concern about
the child being unwell preceding the measurement of PEWS requires immediate
escalation to a senior decision-maker and actions commensurate with the highest risk
band while observations are being made. Initial investigation and treatment of the
precipitating condition must be undertaken within 4 hours [PEWS 1-4], within 3 hours
(PEWS 5-8], or within one hour [NEWS =9].

7.2.3 Likelihood of infection and specific actions

7.2.3.1 Concurrent with or following these generic assessments and actions, the
attending clinician should assess the likelihood of infection, pragmatically categorised in
adults as unlikely, possible, or probable/definite, and in children as unlikely or
possible/definite. The degree of certainty attaching to these likelihoods will depend on
the history, examination and investigations, and will be revised as additional information
is obtained. These categories also contribute to determining the degree of urgency of
sepsis-related interventions, which should also be revised according to the patient’s
condition. The working group recommends that the most severely ill - including those
with [i] septic shock, (ii] sepsis associated with a likely need for an emergency surgical
procedure to control a source of sepsis (iii] sepsis associated with rapid deterioration, or
(iv] a NEWS2 score =7 [PEWS =9] - should continue to receive broad-spectrum
antimicrobials within one hour of presentation. For patients with possible or probable
infection in NEWS2 band 5-6 without septic shock or a likely need for source control,
antimicrobials [if indicated] should be administered within 3 hours. For those in NEWS2
band 1-4 with probable infection, antimicrobials [if indicated] should be administered
within 6 hours, while those with possible infection should have diagnostic tests and a
source control plan within 6 hours which may include prescribing antimicrobials. For
children in PEWS band 1-4, the time window is within 4 hours. These severity-adjusted
treatment intervals will allow clinical staff more time to make patient-focused and
informed decisions and limit unnecessary antimicrobial prescribing. The term
‘antimicrobial’ is used throughout to cover antibacterial, antifungal and antiviral agents.

7.2.3.2 For the avoidance of doubt, it should be emphasised that these time frames are
indicative: if actions can be completed earlier than the proposed time limit, then they
should be. The time frames are not intended to permit delay in treatment, but to offer the
clinician time to make a safe and informed clinical decision. Clinicians are expected to
exercise clinical judgement, and health systems to provide sufficient resources to ensure
that investigations and actions are undertaken promptly. Acute illness is a dynamic state
for which treatment priorities must be adjusted accordingly.

7.2.3.2 ‘Time zero’ - the point at which the clock starts - is a problematic issue for a
disease process with time-critical treatments but an insidious onset. The most recent
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Surviving Sepsis Campaign guidance [Evans 2021] defines time zero as the point of
recognition of sepsis. The potential difficulty with this approach is that it may take time to
arrive at that clinical recognition. The use of NEWS2/PEWS provides an unambiguous time
point for initiating diagnostic and treatment activities, as well as linking treatment
urgency to severity of illness.

7.2.3.2 In principle, the guidance contained in the decision-support frameworks is
location-independent: that is, it applies equally to care in the community or in hospital.
On this basis, time zero is the time at which the NEWS2/PEWS value is recorded (whether
the first such reading, or subsequent recordings). This could be the point of first contact
in the community, on arrival in the emergency department, or on a hospital ward.
However, in practice in the pre-hospital phase, documentation of vital signs may be
incomplete, judgements about probability of infection may not be informed by point-of-
care investigations, and access to intravenous antimicrobials will be limited. While the
attending physician will need to take into account potential lag time in monitoring and
diagnosis when prioritising care for an individual patient, the working party recognises
that in these circumstances time zero for patients referred to hospital will be the first
NEWS2 following arrival at hospital or in the emergency department.

7.3 Using and evaluating the Clinical Decision Support Frameworks

7.3.1 The frameworks provide a concise overview of the working group’s
recommendations, based on the scientific literature presented in this report combined
with a pragmatic multidisciplinary judgement about ‘what works’ in the frontline of care.
They can be used in the clinical environment for decision support, and for teaching and
training. The frameworks can be formatted by professional organisations, NHS Trusts and
training organisations to match local styles of documentation.

7.3.2 Endorsement of this guidance by the Academy of Medical Royal Colleges and
national stakeholders demonstrates strong professional support. The National Institute
for Clinical and Health Excellence [NICE] will be asked to review the guidance as part of its
updating process for Nice Guideline 51 [NICE 2016].

7.3.3 Adoption of the frameworks at local level needs the active engagement of patient
representatives, emergency care providers, general practitioners, physicians, nurses and
allied health professionals in the acute care pathway, microbiology, infectious diseases,
and infection control. Other stakeholders include elderly care and palliative medicine.

7.3.4 We recommend that the frameworks are evaluated to determine their clinical
utility, using quantitative and qualitative research methods suitable for complex
interventions [Skivington 2021]. This can take the form of process audits in primary and
secondary care, and health services outcomes research between centres, incorporating
data on antimicrobial stewardship and resistance and health economics. The
applicability of this guidance in resource-constrained environments will also need
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examination. Relevant methodologies include cluster-randomised trials [Grant 2013],
step-wedge designs [Hemming 2015], and realist evaluation [Pawson 2005] [Rycroft-
Malone 2018].

7.3.5 Limitations: This report has not attempted to replicate existing systematic reviews
or cover the totality of therapies for the initial management of the septic patient. We have
not included neonates in this review as they represent a distinct population requiring a
special focus. We have attempted to mitigate potential biases through careful moderated
discussion over two years by a multiprofessional working group, and extensive
stakeholder consultation.
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8. Action Points

We invite the following organisations and individuals to consider:
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Reviewing and revising current sepsis triage guidance:

— NHSin England and the devolved nations, NHS Improvement and the
Department of Health and Social Care

— The National Institute for Health and Care Excellence
Introducing and auditing the sepsis clinical decision frameworks:

— Leadclinicians for sepsis and Deteriorating Patient Committees in Acute
Hospital Trusts, Ambulance Trusts and Primary Care Trusts

Funding health services research evaluating the safety and efficacy of using
severity of illness-guided triage of patients with sepsis

— National Institute for Health Research
Improving the coding of infection and sepsis
— NHS Digital.
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Appendix

Appendix Table 1. WHO Classification of antimicrobials, adapted for UK by Budd 2019

Access

Amoxicillin / ampicillin
Penicillin - all forms
Co-trimoxazole
Doxycycline
Flucloxacillin
Fosfomycin oral
Fusidate
Gentamicin
Metronidazole
Nitrofurantoin
Pivmecillinam
Tetracycline
Trimethoprim

Watch

Amikacin, tobramycin, etc
Macrolides

Most cefalosporins
Chloramphenicol
Fluoroquinolones
Clindamycin
Amoxicillin-clavulanate
Other tetracyclines
Fidaxomicin
Piperacillin-tazobactam, etc
Temocillin

Vancomycin, teicoplanin

Reserve

Aztreonam
Ceftobiprole
Ceftaroline
Ceftazidime-avibactam
Ceftolozane-tazobactam
Colistin

Dalbavancin
Daptomycin
Carbapenems
Fosfomycin IV
Linezolid / tedizolid
Televancin

Tigecycline
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Appendix Figure 1: NEWS2

NICE Guideline 51 classifies red-band (score of 3] vital signs as high-risk criteria, and
orange-band [score of 2] as moderate-to-high risk criteria for adult patients with
suspected sepsis
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Appendix Figure 2: Frequency of empirical antimicrobial combinations for sepsis of unknown source in
aaults recommended by 94 hospital Trust guidelines in England [Howard P 2021

Empirical antibiotic choice for sepsis of unknown source in adults
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Appendix Figure 3: Total antimicrobial consumption by setting, expressed as DDDs per 1,000 inhabitants per
day, England, 2016 to 2020 [from ESPAUR 2020-2021].

%‘I 200 i LY

E ey Y

g

a 150 1

=

=S

< 100 -

-

£

(=}

8 50

-

g

n U_D -

3 2016 2017 2018 2019 2020
Year

m General Practice @ Hospital Inpatient = Hospital Outpatient
B Dentist 8 Other Community

91 Academy of Medical Royal Colleges


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj02ZS6_bb1AhW1mFwKHaqCDUsQFnoECAIQAQ&url=https%3A%2F%2Fassets.publishing.service.gov.uk%2Fgovernment%2Fuploads%2Fsystem%2Fuploads%2Fattachment_data%2Ffile%2F1033851%2Fespaur-report-2020-to-2021-16-Nov.pdf&usg=AOvVaw2KCsbBDpfcPXWAnPG22dP4

Initial antimicrobial treatment of sepsis

Working Group members &

declarations of interests

Name and Organisation Declarations

Prof Julian Bion, Professor of Intensive Care Medicine, University of
Independent Chair Birmingham. Member of Surviving Sepsis Campaign
guideline committee 2006-2010. Foundation Dean, UK
Faculty of Intensive Care Medicine.

Prof Mervyn Singer, Faculty Co-chair, Third International Consensus Definitions Task

of Intensive Care Medicine Force for Sepsis and Septic Shock (Sepsis-3] 2014-2016.
International Sepsis Forum Treasurer 2017-18, Chair 2019-20,
Secretary 2021-22. Member of Surviving Sepsis Campaign
guideline committee 2014-2016.

Current or recent interests with involvement either provided
gratis or with fees/donations paid into University/Hospital
Research Funds or personal account: Advisory Board
positions with Abbott, AM Pharma, Aptarion, Biotest,
deepUll, Deltex Medical, Enlivex, Fresenius, Hemotune,
Pfizer, Presymptom Health, Roche Diagnostics, Safeguard
Biosystems, Santersus, Spiden. Speaker honoraria from AOP,
Biomerieux, Mindray, Radiometer. Academic/governmental
grant-funded industry collaborative work with Biomerieux,
Cornel Medical, DSTL, Mologic, Oxford Optronix. Research
fund donations from Deltex Medical. Novel drug
developments with UCL Technology Fund and Apollo
Therapeutics.

Dr Carl Waldmann, Critical No conflicts of interest to declare.
Care Leadership Forum and
associated organisations

Mr Greg Barton, Chair of the Chair - Pharmacy Sub-committee - Faculty of Intensive

Pharmacy Sub Committee, Care Medicine (FICM]. Immediate Past Chair - Critical Care
Faculty of Intensive Care Group - United Kingdom Clinical Pharmacy Association
Medicine [UKCPA]. Member - Intensive Care Society Pharmacist

Professional Advisory Group (ICS PAG). Advisor to NHSE re
critical care medicines and stockpile.

92 Academy of Medical Royal Colleges



Initial antimicrobial treatment of sepsis

Name and Organisation Declarations

Dr Adrian Boyle, Royal No conflicts of interest to declare.

College of Emergency

Medicine

Professor Gordon Carlson Member Royal College of Surgeons of England Working

Royal Colleges of Surgeons Party, The High-Risk General Surgery Patient-Raising the

of England and Edinburgh Standard (2018), Representative of Royal College of Surgeons

of England on NHS England Cross Systems Sepsis Board and
Acute Deterioration Board.

Professor Enitan Carrol, National Institute for Health and Care Excellence [NICE]
Royal College of Paediatrics | Diagnostics Advisory Committee - Diagnosis and monitoring
and Child Health of sepsis - The BRAHMS PCT- specialist committee member,

June 2014- June 2015. National Institute for Health and Care
Excellence [NICE] Sepsis Guideline Development Group
member, July 2014- July 2016

BioFire Diagnostics Scientific Advisory Board member for the
FilmArray System, February 2015- present. National Institute
for Health and Care Excellence [NICE] Quality Standards
committee for sepsis, Specialist committee member,
November 2016- September 2017. January 2017-present.
Surviving Sepsis Campaign Pediatrics Guideline panel
member, January 2017-2020. National Institute for Health
and Care Excellence [NICE) Diagnostics Advisory Committee
member, February 2017- September 2020. Society of Critical
Care Medicine Paediatric Sepsis Definition Task Force
member, February 2019- present. NIHR-funded research
collaboration with Biomerieux NIHR-funded studies:
BATCH,PRONTO, PEACH Trials. H2020 funded: PERFORM and

DIAMONDS
Dr Will Christian, Royal No conflicts of interest to declare.
College of Paediatrics and
Child Health

Dr Sue Crossland, Immediate | No conflicts of interest to declare.
Past President, Society for
Acute Medicine

Professor Saul Faust, Royal SNF was Chair of the NICE sepsis guideline committee (2014-
College of Paediatrics and 16] and Lyme Disease guideline committee [2016-18]. SNF
Child Health acts on behalf of University Hospital Southampton NHS
Foundation Trust as an investigator or providing consultative
advice, or both, on clinical trials and studies of COVID-19 and
other vaccines and antimicrobial agents funded or
sponsored by vaccine and antimicrobial manufacturers
including Janssen, Pfizer, AstraZeneca, GlaxoSmithKline,
Novavax, Segirus, Sanofi, Medimmune, Merck, and Valneva.
He receives no personal financial payment for this work.

93 Academy of Medical Royal Colleges



Initial antimicrobial treatment of sepsis

Name and Organisation Declarations

Prof Matt Inada-Kim,
Consultant Acute Physician,
Hampshire Hospitals NHS
Foundation Trust &
University of Southampton

Lecture for Relias learning in 2019 on sepsis.

Marisa Lanzman, UK Clinical
Pharmacy Association -
Pharmacy Infection Network
(UKCPA PIN]

No conflicts of interest to declare.

Mr. Nicholas Lees, Royal
College of Surgeons of
England

Chair Royal College of Surgeons of England Working Party,
The High-Risk General Surgery Patient-Raising the Standard
(2018], Royal College of Surgeons of England representative
on the Clinical Reference Group of the National Emergency
Laparotomy Audit, Advisor to NHS England on the
Emergency Laparotomy Best Practice Tariff, 2017-2019.

Professor Mahdad
Noursadeghi, Royal College
of Physicians of London

No conflicts of interest to declare.

Professor Shiranee
Sriskandan, Royal College of
Physicians of London

No competing interests other than being RCP lead for sepsis,
which is non-remunerated.

Dr Simon Stockley, Royal
College of General
Practitioners

Financial Interests - Former RCGP Clinical Champion for
Sepsis, until 2020, Occasional paid adviser to Masimo Plc,
provider of patient monitoring solutions (approx. 500
pounds)

Prof Tim Walsh, Royal
College of Physicians of
Edinburgh

TSW has received grants from Innovate UK and the NIHR for
research in the field of sepsis. He has no conflicts of interest
to declare.

Prof Peter Wilson, Infection
in Critical Care Quality
Improvement Programme
(PHE]

Chair of Guidelines Committee, Healthcare infection Society.
Grant from Germitec for research into disinfection of
ultrasound probes. Grant from NIHR for infrastructure related
to whole genome sequencing at University College London.
Consultancy for Sky Chemicals, makers of peracetic acid
disinfectant.

94 Academy of Medical Royal Colleges




Initial antimicrobial treatment of sepsis

Name and Organisation Declarations

Dr Flic Gabbay, Faculty of
Pharmaceutical Medicine

President of the Faculty of Pharmaceutical Medicine
[receives Innovate grants]. Long standing Member of British
Society of Antimicrobial Chemotherapy and member of
various working parties on developing antibacterials and
antivirals. Fellow of the Academy of Medical Sciences and
member of their Forum Committee (and their organising
committees for recent AMR meetings). Senior Partner and
shareholder of tranScrip, a drug development organisation
which has been in receipt of funding for consultative and
regulatory work on anti-infectives used, or potentially used,
in sepsis from Wellcome Foundation and from life sciences
companies, AstraZeneca, Pfizer, Basilea and Menarini, and
many small companies with anti-infective drugs in research
and development. Shareholder in [and previously was
Founder Chairman and Chief Medical Officer for]) Phico
Therapeutics, a company developing novel engineered
phage therapeutics: no role in the company now.

Dr Nick Gent, Faculty of
Public Health

No conflicts of interest to declare.

Mr Peter Gibbs, ICUsteps

No conflicts of interest to declare.

Dr John Harden, NHS
Scotland

No conflicts of interest to declare.

Prof Philip Howard, British
Society for Antimicrobial
Chemotherapy

Financial - None. Professional - International Federation of
Pharmacy [Global Pharmacy Umbrella Organisation]) - AMR
Collaborative Lead for WHO Europe Region. NICE Common
Infections Standing Committee. Academic - Part of NIHR
PRONTO [PCT in Sepsis] study.

Prof Alistair Leanord,
Advisory Committee on
Antimicrobial Prescribing,
Resistance & Healthcare
Associated Infection,
Department of Health

Member of the Department of Health and Social Care
advisory committee on Antimicrobial Prescribing,
Resistance and Healthcare Associated Infections [APRHAI).
In the last five years, lectured in the UK sponsored by
Eumedica; member and Chair of a data advisory Board for
Shionogi; and chaired a webinar for Shionogi.

Mr Pala Rajesh, Royal
College of Surgeons
Edinburgh

No conflicts of interest to declare.

Mr Suman Shrestha,

Professional Lead for Critical

Care [Royal College of
Nursing]

Attended Gilead online advisory board to explore the
awareness and management of invasive fungal disease in
Critical Care [Dec 2021-Feb 2022].

95 Academy of Medical Royal Colleges




Initial antimicrobial treatment of sepsis

Stakeholder organisations

We invited detailed critiques from a wide range of professional organisations involved in
acute and emergency care from community, primary care and secondary care, as well as
organisations involved in research and advocacy in these areas. We are grateful to all
those who responded for their insightful comments which have helped to improve the
final report. A transcript of the participating stakeholder organisations, their critiques,
and the working group responses, can be downloaded from the Academy of Medical
Royal Colleges website.

96 Academy of Medical Royal Colleges


https://www.aomrc.org.uk/
https://www.aomrc.org.uk/

Initial antimicrobial treatment of sepsis

Endorsing organisations

The Academy of Medical Royal Colleges representing all medical royal colleges and
faculties in the UK

Advisory Committee on Antimicrobial Prescribing, Resistance and Healthcare Associated
Infection [APRHAI)

Association of Chartered Physiotherapists in Respiratory Care [ACPRC]
British Society for Antimicrobial Chemotherapy [BSAC]

Community Nursing

Critical Care Networks of England, Wales and Northern Ireland
Intensive Care Society (ICS]

Getting It Right First Time, Critical Care Medicine section [GIRFT]
National Outreach Forum [NOrF)

Northern Ireland Intensive Care Society [NI-ICS]

NHS England’s Adult Critical Care Clinical Reference Group

Paediatric Critical Care Society [PCCS)

Scottish Anti-microbial prescribing Group [SAPG]

Scottish Intensive Care Society [SICS]

Society for Acute Medicine [SAM]

The Association for Cardiothoracic Anaesthesia & Critical Care [ACTACC]
The Neuroanaesthesia and Neurocritical Care Society [NACCS]

The Welsh Intensive Care Society (WICS]

UK Clinical Pharmacy Association [UKCPA]

97 Academy of Medical Royal Colleges



Initial antimicrobial treatment of sepsis

UK Sepsis Trust
Wales Critical Care and Trauma Network
United Kingdom Critical Care Nursing Alliance (UKCCNA]

United Kingdom Health Security Agency - AMR Programme Team [UKHSA]

Supporting statements

Defence Medical Services: The Defence Medical Services does not endorse guidance
or statements produced by civilian organisations, but currently holds broadly similar
views to those expressed in this position statement.

The National Institute of Health and Care Research National Specialty Group in

Critical Care welcomes the Academy of Medical Royal Colleges’ Working Party

Position Statement on the Initial Antimicrobial Treatment of Sepsis. Crucially,

the Statement helps identify key evidence underpinning clinical uncertainty, associated
evidence gaps and the need to progress further primary research at

scale across the NHS.
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