
a

Journals Library

Health Technology Assessment
Volume 28 • Issue 16 • March 2024

ISSN 2046-4924

DOI  10.3310/NDTY2403

Prehospital early warning scores for 
adults with suspected sepsis: the PHEWS 
observational cohort and decision-analytic 
modelling study
Steve Goodacre, Laura Sutton, Kate Ennis, Ben Thomas, Olivia Hawksworth, Khurram Iftikhar,  
Susan J Croft, Gordon Fuller, Simon Waterhouse, Daniel Hind, Matt Stevenson, Mike J Bradburn,  
Michael Smyth, Gavin D Perkins, Mark Millins, Andy Rosser, Jon Dickson and Matthew Wilson

https://crossmark.crossref.org/dialog/?doi=10.3310/NDTY2403&domain=pdf




Prehospital early warning scores for adults with 
suspected sepsis: the PHEWS observational 
cohort and decision-analytic modelling study

Steve Goodacre ,1,2* Laura Sutton ,1 Kate Ennis ,1 
Ben Thomas ,1 Olivia Hawksworth ,1 Khurram Iftikhar ,2 
Susan J Croft ,2 Gordon Fuller ,2 Simon Waterhouse ,1  
Daniel Hind ,1 Matt Stevenson ,1 Mike J Bradburn ,1  
Michael Smyth ,3 Gavin D Perkins ,3 Mark Millins ,4 
Andy Rosser ,5 Jon Dickson 6 and Matthew Wilson 1

1School of Health and Related Research (ScHARR), University of Sheffield, Sheffield, UK
2Emergency Department, Northern General Hospital, Sheffield, UK
3Warwick Clinical Trials Unit, University of Warwick, Coventry, UK
4Yorkshire Ambulance Service NHS Trust, Wakefield, UK
5West Midlands Ambulance Service University NHS Foundation Trust, Midlands, UK
6Academic Unit of Primary Medical Care, University of Sheffield, Sheffield, UK

*Corresponding author 

Disclosure of interests

Full disclosure of interests: Completed ICMJE forms for all authors, including all related interests, are 
available in the toolkit on the NIHR Journals Library report publication page at https://doi.org/10.3310/
NDTY2403.

Primary conflicts of interest: Steve Goodacre reports chairing the NIHR Clinical Trials Unit Standing 
Advisory Committee and membership of the following groups and committees: HTA PCCPI Methods 
Group, HTA Prioritisation Committee A Methods Group, HTA Prioritisation Committee B Methods 
Group, HTA Post-Funding Committee, HTA Funding Committee Policy Group and HTA Commissioning 
Committee. Laura Sutton reports participation on a Data Monitoring and Ethics Committee for a NIHR-
funded trial in an unrelated area of study. Susan J Croft reports receiving payments as an Emergency 
Medicine expert advisor for the Welsh Ombudsman and membership of the NICE sub-arachnoid 
haemorrhage committee as an Emergency Medicine advisor. Daniel Hind reports an NIHR HTA grant 
outside of the submitted work and membership of the HTA Fast Track Committee. Mike J Bradburn 
reports membership of the HTA Commissioning Committee. Michael Smyth reports NIHR grants outside 
of the submitted work. Gavin D Perkins reports grants from the NIHR and Laerdal Foundation outside of 
the submitted work, honorary membership of the Intensive Care Society and memberships of the 
following: NIHR HTA Clinical Effectiveness Board, NIHR Clinical Trials Advisory Committee, NIHR 
Academy, NIHR CTU Standing Advisor Committee, NIHR HTA Clinical Evaluation and Trials Committee 
and COVID-19 Reviewing Committee. He reports honoraria from Elsevier for editorial roles for 
Resuscitation and Resuscitation Plus journals. Matthew Wilson reports an NIHR Research for Patient 
Benefit grant outside of the submitted work, participation on a Data Monitoring Committee for an 
NIHR-funded trial in an unrelated area of study and the role of Grants Officer to the National Institute of 
Academic Anaesthesia.

https://orcid.org/0000-0003-0803-8444
https://orcid.org/0000-0003-3327-5927
https://orcid.org/0000-0003-4284-217X
https://orcid.org/0000-0002-6659-6930
https://orcid.org/0000-0001-6513-100X
https://orcid.org/0000-0002-9721-6232
https://orcid.org/0000-0003-4190-2599
https://orcid.org/0000-0001-8532-3500
https://orcid.org/0000-0002-6303-9610
https://orcid.org/0000-0002-6409-4793
https://orcid.org/0000-0002-3099-9877
https://orcid.org/0000-0002-3783-9761
https://orcid.org/0000-0003-0220-2223
https://orcid.org/0000-0003-3027-7548
https://orcid.org/0000-0003-3065-0330
https://orcid.org/0000-0002-5477-4269
https://orcid.org/0000-0002-1361-2714
https://orcid.org/0000-0002-9704-5189
https://doi.org/10.3310/NDTY2403
https://doi.org/10.3310/NDTY2403




Published March 2024
DOI: 10.3310/NDTY2403

This report should be referenced as follows:

Goodacre S, Sutton L, Ennis K, Thomas B, Hawksworth O, Iftikhar K, et al. Prehospital early 
warning scores for adults with suspected sepsis: the PHEWS observational cohort and decision-
analytic modelling study. Health Technol Assess 2024;28(16). https://doi.org/10.3310/NDTY2403

https://doi.org/10.3310/NDTY2403




Criteria for inclusion in the Health Technology Assessment journal
Reports are published in Health Technology Assessment (HTA) if (1) they have resulted from work for the HTA programme, 
and (2) they are of a sufficiently high scientific quality as assessed by the reviewers and editors.

Reviews in Health Technology Assessment are termed ‘systematic’ when the account of the search appraisal and synthesis 
methods (to minimise biases and random errors) would, in theory, permit the replication of the review by others.

Health Technology Assessment
ISSN 2046-4924 (Online)

Impact factor: 3.6

A list of Journals Library editors can be found on the NIHR Journals Library website 

Launched in 1997, Health Technology Assessment (HTA) has an impact factor of 3.6 and is ranked 32nd (out of 105 titles) in the 
‘Health Care Sciences & Services’ category of the Clarivate 2022 Journal Citation Reports (Science Edition). It is also indexed by 
MEDLINE, CINAHL (EBSCO Information Services, Ipswich, MA, USA), EMBASE (Elsevier, Amsterdam, the Netherlands), NCBI 
Bookshelf, DOAJ, Europe PMC, the Cochrane Library (John Wiley & Sons, Inc., Hoboken, NJ, USA), INAHTA, the British Nursing 
Index (ProQuest LLC, Ann Arbor, MI, USA), Ulrichsweb™ (ProQuest LLC, Ann Arbor, MI, USA) and the Science Citation Index 
Expanded™ (Clarivate™, Philadelphia, PA, USA).

This journal is a member of and subscribes to the principles of the Committee on Publication Ethics (COPE)  
(www.publicationethics.org/).

Editorial contact: journals.library@nihr.ac.uk

The full HTA archive is freely available to view online at www.journalslibrary.nihr.ac.uk/hta.

HTA programme
Health Technology Assessment (HTA) research is undertaken where some evidence already exists to show that a technology can 
be effective and this needs to be compared to the current standard intervention to see which works best. Research can evaluate 
any intervention used in the treatment, prevention or diagnosis of disease, provided the study outcomes lead to findings that 
have the potential to be of direct benefit to NHS patients. Technologies in this context mean any method used to promote health; 
prevent and treat disease; and improve rehabilitation or long-term care. They are not confined to new drugs and include any 
intervention used in the treatment, prevention or diagnosis of disease.

The journal is indexed in NHS Evidence via its abstracts included in MEDLINE and its Technology Assessment Reports inform 
National Institute for Health and Care Excellence (NICE) guidance. HTA research is also an important source of evidence for 
National Screening Committee (NSC) policy decisions.

This report
The research reported in this issue of the journal was funded by the HTA programme as award number 17/136/10. The 
contractual start date was in July 2019. The draft report began editorial review in April 2023 and was accepted for publication 
in August 2023. The authors have been wholly responsible for all data collection, analysis and interpretation, and for writing up 
their work. The HTA editors and publisher have tried to ensure the accuracy of the authors’ report and would like to thank the 
reviewers for their constructive comments on the draft document. However, they do not accept liability for damages or losses 
arising from material published in this report.

This report presents independent research funded by the National Institute for Health and Care Research (NIHR). The views 
and opinions expressed by authors in this publication are those of the authors and do not necessarily reflect those of the NHS, 
the NIHR, the HTA programme or the Department of Health and Social Care. If there are verbatim quotations included in this 
publication the views and opinions expressed by the interviewees are those of the interviewees and do not necessarily reflect 
those of the authors, those of the NHS, the NIHR, the HTA programme or the Department of Health and Social Care.

Copyright © 2024 Goodacre et al. This work was produced by Goodacre et al. under the terms of a commissioning contract issued by the  
Secretary of State for Health and Social Care. This is an Open Access publication distributed under the terms of the Creative 
Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction and adaptation in any 
medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For 
attribution the title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must 
be cited.

Published by the NIHR Journals Library (www.journalslibrary.nihr.ac.uk), produced by Newgen Digitalworks Pvt Ltd, Chennai, India  
(www.newgen.co).

https://www.journalslibrary.nihr.ac.uk/journals/





DOI: 10.3310/NDTY2403� Health Technology Assessment 2024 Vol. 28 No. 16

Copyright © 2024 Goodacre et al. This work was produced by Goodacre et al. under the terms of a commissioning contract issued by the Secretary of State for Health  
and Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, 
distribution, reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For 
attribution the title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

vii

Abstract

Prehospital early warning scores for adults with suspected 
sepsis: the PHEWS observational cohort and decision-analytic 
modelling study

Steve Goodacre ,1,2* Laura Sutton ,1 Kate Ennis ,1 Ben Thomas ,1 
Olivia Hawksworth ,1 Khurram Iftikhar ,2 Susan J Croft ,2 Gordon Fuller ,2  
Simon Waterhouse ,1 Daniel Hind ,1 Matt Stevenson ,1  
Mike J Bradburn ,1 Michael Smyth ,3 Gavin D Perkins ,3 Mark Millins ,4  
Andy Rosser ,5 Jon Dickson 6 and Matthew Wilson 1

1School of Health and Related Research (ScHARR), University of Sheffield, Sheffield, UK
2Emergency Department, Northern General Hospital, Sheffield, UK
3Warwick Clinical Trials Unit, University of Warwick, Coventry, UK
4Yorkshire Ambulance Service NHS Trust, Wakefield, UK
5West Midlands Ambulance Service University NHS Foundation Trust, Midlands, UK
6Academic Unit of Primary Medical Care, University of Sheffield, Sheffield, UK

*Corresponding author s.goodacre@sheffield.ac.uk

Background: Guidelines for sepsis recommend treating those at highest risk within 1 hour. The 
emergency care system can only achieve this if sepsis is recognised and prioritised. Ambulance services 
can use prehospital early warning scores alongside paramedic diagnostic impression to prioritise patients 
for treatment or early assessment in the emergency department.

Objectives: To determine the accuracy, impact and cost-effectiveness of using early warning scores 
alongside paramedic diagnostic impression to identify sepsis requiring urgent treatment.

Design: Retrospective diagnostic cohort study and decision-analytic modelling of operational 
consequences and cost-effectiveness.

Setting: Two ambulance services and four acute hospitals in England.

Participants: Adults transported to hospital by emergency ambulance, excluding episodes with injury, 
mental health problems, cardiac arrest, direct transfer to specialist services, or no vital signs recorded.

Interventions: Twenty-one early warning scores used alongside paramedic diagnostic impression, 
categorised as sepsis, infection, non-specific presentation, or other specific presentation.

Main outcome measures: Proportion of cases prioritised at the four hospitals; diagnostic accuracy 
for the sepsis-3 definition of sepsis and receiving urgent treatment (primary reference standard); 
daily number of cases with and without sepsis prioritised at a large and a small hospital; the minimum 
treatment effect associated with prioritisation at which each strategy would be cost-effective, compared 
to no prioritisation, assuming willingness to pay £20,000 per quality-adjusted life-year gained.

Results: Data from 95,022 episodes involving 71,204 patients across four hospitals showed that most 
early warning scores operating at their pre-specified thresholds would prioritise more than 10% of cases 
when applied to non-specific attendances or all attendances. Data from 12,870 episodes at one hospital 
identified 348 (2.7%) with the primary reference standard. The National Early Warning Score, version 2 
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(NEWS2), had the highest area under the receiver operating characteristic curve when applied only to 
patients with a paramedic diagnostic impression of sepsis or infection (0.756, 95% confidence interval 
0.729 to 0.783) or sepsis alone (0.655, 95% confidence interval 0.63 to 0.68). None of the strategies 
provided high sensitivity (> 0.8) with acceptable positive predictive value (> 0.15). NEWS2 provided 
combinations of sensitivity and specificity that were similar or superior to all other early warning scores. 
Applying NEWS2 to paramedic diagnostic impression of sepsis or infection with thresholds of > 4, > 6 
and > 8 respectively provided sensitivities and positive predictive values (95% confidence interval) of 
0.522 (0.469 to 0.574) and 0.216 (0.189 to 0.245), 0.447 (0.395 to 0.499) and 0.274 (0.239 to 0.313), 
and 0.314 (0.268 to 0.365) and 0.333 (confidence interval 0.284 to 0.386). The mortality relative risk 
reduction from prioritisation at which each strategy would be cost-effective exceeded 0.975 for all 
strategies analysed.

Limitations: We estimated accuracy using a sample of older patients at one hospital. Reliable evidence 
was not available to estimate the effectiveness of prioritisation in the decision-analytic modelling.

Conclusions: No strategy is ideal but using NEWS2, in patients with a paramedic diagnostic impression 
of infection or sepsis could identify one-third to half of sepsis cases without prioritising unmanageable 
numbers. No other score provided clearly superior accuracy to NEWS2. Research is needed to develop 
better definition, diagnosis and treatments for sepsis.

Study registration: This study is registered as Research Registry (reference: researchregistry5268).

Funding: This award was funded by the National Institute for Health and Care Research (NIHR) 
Health Technology Assessment programme (NIHR award ref: 17/136/10) and is published in full in 
Health Technology Assessment; Vol. 28, No. 16. See the NIHR Funding and Awards website for further 
award information.
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Plain language summary

Sepsis is a life-threatening condition in which an abnormal response to infection causes heart, lung 
or kidney failure. People with sepsis need urgent treatment. They need to be prioritised at the 

emergency department rather than waiting in the queue. Paramedics attempt to identify people with 
possible sepsis using an early warning score (based on simple measurements, such as blood pressure 
and heart rate) alongside their impression of the patient’s diagnosis. They can then alert the hospital 
to assess the patient quickly. However, an inaccurate early warning score might miss cases of sepsis 
or unnecessarily prioritise people without sepsis. We aimed to measure how accurately early warning 
scores identified people with sepsis when used alongside paramedic diagnostic impression.

We collected data from 71,204 people that two ambulance services transported to four different 
hospitals in 2019. We recorded paramedic diagnostic impressions and calculated early warning scores 
for each patient. At one hospital, we linked ambulance records to hospital records and identified who 
had sepsis. We then calculated the accuracy of using the scores alongside diagnostic impression to 
diagnose sepsis. Finally, we used modelling to predict how many patients (with and without sepsis) 
paramedics would prioritise using different strategies based on early warning scores and diagnostic 
impression.

We found that none of the currently available early warning scores were ideal. When they were applied 
to all patients, they prioritised too many people. When they were only applied to patients whom the 
paramedics thought had infection, they missed many cases of sepsis. The NEWS2, score, which 
ambulance services already use, was as good as or better than all the other scores we studied. We found 
that using the NEWS2, score in people with a paramedic impression of infection could achieve a 
reasonable balance between prioritising too many patients and avoiding missing patients with sepsis.
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Scientific summary

Background

Sepsis is a life-threatening reaction to an infection in which the immune system overreacts to infection 
and causes organ damage. Early recognition and treatment of sepsis has the potential to reduce 
mortality. Guidelines for sepsis highlight the importance of early recognition and treatment, with 
treatment recommended within 1 hour of presentation for those at highest risk. The emergency care 
system can only achieve this if sepsis is recognised and prioritised.

Ambulance services can use prehospital early warning scores to identify people with a high risk of sepsis 
and then pre-alert the emergency department (ED) or provide the patient with prehospital treatment. 
However, they need to determine which score to use, the threshold of positivity for the score, and 
whether to apply the early warning score to all medical cases or just those where the paramedic 
diagnostic impression suggests sepsis, infection or a non-specific presentation. This requires estimates 
of the diagnostic accuracy of early warning scores and consideration of the balance between sensitivity 
(avoiding missing sepsis) and specificity (prioritising too many patients who do not have sepsis).

Objectives

We aimed to determine the accuracy, impact and cost-effectiveness of prehospital early warning scores 
for adults with suspected sepsis. Our specific objectives were:

1.	 to estimate the accuracy of prehospital early warning scores for identifying sepsis requiring 
time-critical treatment in adults with possible sepsis who are attended by emergency ambulance

2.	 to estimate the impact of using prehospital early warning scores to guide key prehospital decisions, 
in terms of the operational consequences, and the cost-effectiveness of alternative strategies.

Methods

We undertook (1) a retrospective cohort study to estimate the accuracy of prehospital early warning 
scores alongside paramedic diagnostic impression and (2) decision-analytic modelling of the operational 
consequences and cost-effectiveness of using prioritisation strategies based on early warning score and 
diagnostic impression.

Retrospective cohort study
We used a literature review and expert opinion to identify 21 early warning scores for evaluation. We 
used routine ambulance service data to identify all episodes in 2019 in which two ambulance services 
(Yorkshire and West Midlands) transported patients with medical presentations to four acute hospitals 
(Sheffield Northern General Hospital, Doncaster Royal Infirmary, Rotherham General Hospital, University 
Hospitals Coventry and Warwickshire). We excluded episodes with injury, mental health problems, 
cardiac arrest or direct transfer to specialist services, and cases with no vital signs recorded. We 
calculated early warning scores from the first recorded vital signs on the ambulance service electronic 
patient-report form and categorised the paramedic diagnostic impression as sepsis, infection, non-
specific presentation or other specific presentation. We then determined the number of cases that 
ambulance services would prioritise at each hospital using each early warning score alongside the 
categorised paramedic diagnostic impression.
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We planned to use the National Health Service (NHS) Digital Data Access Request Service to link 
ambulance service to hospital data but NHS Digital were unable to provide this service. We therefore 
instituted a rescue plan to link ambulance service to hospital data at one participating hospital (Sheffield) 
to determine whether patients had a reference standard diagnosis of sepsis, adjudicated by two 
independent clinicians following hospital record review. The primary reference standard consisted of 
meeting the sepsis-3 definition [evidence of infection with a change of two or more points in the 
Sequential (sepsis-related) Organ Failure Assessment (SOFA) score] and receiving treatment for sepsis. 
The secondary reference standard consisted of meeting the sepsis-3 definition alone.

We analysed the ambulance service data descriptively to report the mean daily number of cases that the 
ambulance service would pre-alert to each hospital for each combination of early warning score and 
diagnostic impression. For the accuracy analysis, we constructed receiver operating characteristic (ROC) 
curves to evaluate sensitivity and specificity over the range of each score. We calculated the area under 
the ROC curve, sensitivities, specificities, and positive and negative predictive values at key cut-points, 
each with a 95% confidence interval (CI). Reporting of the results highlights sensitivity and positive 
predictive value as these best indicate under-triage (sensitivity, the proportion of sepsis cases 
prioritised) and overtriage (positive predictive value, the proportion of prioritised cases with sepsis).

To select strategies for the decision-analytic modelling, we calculated the proportion of mean daily 
ambulance arrivals that would be prioritised at each hospital and excluded strategies that would 
prioritise a potentially unmanageable proportion (> 10%). We then compared the accuracy of strategies 
and excluded those with sensitivity and specificity both inferior to another strategy. We also excluded 
strategies that were not clearly superior to a comparable strategy involving the National Early Warning 
Score, version 2 (NEWS2) on the basis that NEWS2 is already widely used by NHS ambulance services, 
whereas other strategies would require additional training and support to implement.

Decision-analytic modelling
We developed a decision-analytic model to evaluate the consequences to healthcare providers and the 
cost-effectives for the health services of using 23 different strategies to prioritise patients transported 
to hospital with possible sepsis.

Due to the paucity of data associated with the benefit of early treatment for sepsis and conflicting 
results from studies where data existed, threshold analyses were independently undertaken to estimate 
the reduction in mortality, the reduction in general ward length of stay (LoS) and the reduction in 
intensive care unit LoS that would be required by each strategy in order to be cost-effective compared 
with a strategy of no prioritisation of patients. We additionally present the number of prehospital alerts 
associated with each strategy, the number of patients with sepsis who have been correctly prioritised 
and the number of patients with sepsis who are not prioritised.

Results

Retrospective cohort study
We collected data from 95,022 ambulance episodes involving 71,204 patients with median age 66 
years, and included 37,588 (53.0%) women, and 40,045 (94.9%) with white ethnicity. The mean 
(standard deviation) number of daily attendances meeting the study inclusion criteria was 93.5 (14.7) at 
Sheffield Northern General Hospital, 59.5 (10.8) at Doncaster Royal Infirmary, 51.3 (8.9) at Rotherham 
General Hospital and 74 (11) at University Hospitals Coventry and Warwickshire. Most early warning 
scores operating at their pre-specified thresholds would prioritise fewer than 10% of attendances when 
applied only to those with a diagnostic impression of sepsis or infection, but would prioritise more than 
10% when applied to non-specific attendances or all attendances. The exceptions were qSOFA 
(threshold > 1), the Screening to Enhance PrehoSpital Identification of Sepsis (SEPSIS) score, the Critical 
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Illness Score (CIS; threshold > 4), the Paramedic Initiated Treatment of Sepsis Targeting Out-of-hospital 
Patients clinical trial rule, the PRESS score and the sepsis alert criteria.

Yorkshire Ambulance Service recorded only one diagnostic impression, whereas West Midlands 
Ambulance Service recorded multiple unranked impressions, so strategies prioritised a greater 
proportion of patients transported to University Hospitals Coventry and Warwickshire. Consequently, in 
the West Midlands most strategies prioritised more than 10% of cases when applied to those with a 
diagnostic impression of infection or sepsis.

We linked 12,870 out of 24,955 (51.6%) cases to the Sheffield Northern General Hospital records at 
Sheffield and identified 348 (2.7%) with the primary reference standard. The sensitivity and positive 
predictive value of paramedic diagnostic impression were 0.328 (95% CI 0.28 to 0.379) and 0.285 (95% 
CI 0.243 to 0.331) for sepsis, 0.572 (95% CI 0.519 to 0.623) and 0.156 (95% CI 0.137 to 0.176) for 
infection or sepsis, and 0.897 (95% CI 0.86 to 0.924) and 0.053 (95% CI 0.048 to 0.059) for non-specific 
presentation, infection or sepsis.

The early warning scores had a greater area under the ROC curve when applied to all cases rather than 
alongside diagnostic impression, but the low prevalence of the reference standard meant that thresholds 
with sensitivity above 0.7 generally had positive predictive value below 0.15, which would prioritise an 
unmanageable number of cases. When higher thresholds were used to provide acceptable positive 
predictive value and a manageable number of cases, strategies that applied the early warning score only 
to those with a diagnostic impression of sepsis or infection tended to have better overall accuracy. 
NEWS2 had the highest area under the ROC curve when applied only to those with a paramedic 
diagnostic impression of sepsis or infection (0.756, 95% CI 0.729 to 0.783) or sepsis alone (0.655, 95% 
CI 0.63 to 0.68). Only the SEPSIS score had a higher area under the ROC curve than NEWS2 when 
applied to non-specific presentation, infection or sepsis (0.862 vs. 0.858) and all cases (0.882 vs. 0.877).

None of the strategies provided high sensitivity (e.g. > 0.8) with acceptable positive predictive value 
(e.g. > 0.15). NEWS2, using varying thresholds and combinations with diagnostic impression, provided 
combinations of sensitivity and specificity that were similar or superior to all other early warning scores. 
We identified strategies reflecting published recommendations for prioritisation that could offer options 
with varying trade-offs between sensitivity and positive predictive value. Applying NEWS2 only to those 
with a paramedic diagnostic impression of sepsis or infection respectively provided sensitivities and 
positive predictive values of 0.522 (95% CI 0.469 to 0.574) and 0.216 (95% CI 0.189 to 0.245) with a 
threshold > 4, 0.447 (95% CI 0.395 to 0.499) and 0.274 (95% CI 0.239 to 0.313) with a threshold > 6, 
and 0.314 (95% CI 0.268 to 0.365) and 0.333 (95% CI 0.284 to 0.386) with a threshold > 8. Applying 
qSOFA > 1 only to those with a paramedic diagnostic impression of sepsis or infection provided 
sensitivity of 0.305 (95% CI 0.259 to 0.355) and positive predictive value of 0.356 (95% CI 0.304 to 
0.412).

Decision-analytic modelling
The modelling provided estimates for a range of strategies with varying sensitivity and specificity of the 
number of cases (overall and with sepsis) that would be prioritised in a large and a small hospital. At a 
large hospital receiving 93.5 eligible cases per day, applying NEWS2 > 4 only to those with a diagnostic 
impression of infection or sepsis would prioritise 6.10 cases per day, including 1.32 with sepsis, while 
failing to prioritise 1.21 with sepsis. The corresponding numbers using NEWS2 > 6 were 4.11, 1.13 and 
1.40, using NEWS2 > 8 were 2.38, 0.79 and 1.73, and using qSOFA > 1 were 2.17, 0.77 and 1.76. At a 
small hospital receiving 53.1 eligible cases per day, applying NEWS2 > 4 only to those with a diagnostic 
impression of infection or sepsis would prioritise 3.35 cases per day, including 0.72 with sepsis, while 
failing to prioritise 0.66 with sepsis. The corresponding numbers using NEWS2 > 6 were 2.26, 0.62 and 
0.77, using NEWS2 > 8 were 1.31, 0.44 and 0.95, and using qSOFA > 1 were 1.19, 0.42 and 0.96.
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The threshold analysis showed that the relative risk of mortality associated with prioritisation at which 
each strategy would be cost-effective compared to no prioritisation [assuming willingness to pay 
£20,000 per quality-adjusted life-year (QALY) gained] ranged from 0.977 applying NEWS2 > 0 only to 
those with a diagnostic impression of infection or sepsis, to 0.996 applying NEWS2 > 11 only to those 
with a diagnostic impression of sepsis. The comparable ranges for other measures of effectiveness for 
these two strategies were: increase in QALYs 0.00056–0.00002; reduction in length of ward stay 3.8–
0.7 days; reduction in intensive care LoS 1.2–0.2 days.

Conclusions

We were unable to identify a strategy that would prioritise a substantial majority of patients with sepsis 
without prioritising a potentially unmanageable number of patients for the ED. Most early warning 
scores, used at a recommended threshold, are likely to prioritise an unmanageable number of cases 
unless they are only used to prioritise cases with a paramedic diagnostic impression of infection or 
sepsis. However, paramedic diagnostic impression of infection or sepsis only identified 57% of cases 
with a reference standard diagnosis of sepsis requiring urgent treatment.

The NEWS2 provides sensitivity and specificity for identifying sepsis that is generally similar or superior 
to other scores operating at a comparable threshold. We therefore found no evidence to justify the 
support and training required to implement an alternative strategy to NEWS2, which is already widely 
used in NHS ambulance services.

National Early Warning Score, version 2, could be used at thresholds of > 4 or > 6 in presentations with 
a diagnostic impression of infection or sepsis, reflecting the Academy of Medical Royal Colleges clinical 
decision support framework, or > 8 to provide similar sensitivity and specificity to the use of qSOFA > 1 
recommended in the sepsis-3 guidelines. These strategies provide a range of options that ambulance 
services and hospitals could use, depending upon capacity to manage prioritised cases and what 
prioritisation involves.

Health economic modelling suggests that sensitive strategies for identifying patients with possible 
sepsis for prioritisation could be cost-effective, if we are convinced that reducing treatment delay 
reduces mortality and the emergency care system has the capacity to deliver meaningful prioritisation to 
substantial numbers of cases.

Limitations

Inability of NHS Digital to link ambulance service to hospital data meant that we were only able to 
estimate the accuracy of early warning scores at one hospital using data from 51.6% of the eligible 
population for whom the ambulance service had NHS numbers. The included patients were markedly 
older than the excluded patients. We were unable to identify reliable evidence to estimate the 
effectiveness of early treatment for sepsis, so were unable to identify the most cost-effective strategy.

Future research

Research into prehospital early warning scores for sepsis is limited by our current inability to clinically 
measure the dysregulated host response that characterises sepsis and uncertain estimates of the 
benefits of early treatment. We therefore need to prioritise research to develop better ways of defining 
and diagnosing sepsis, and to develop and evaluate effective early treatment for sepsis. Future research 
involving routine ambulance service and hospital data requires a system for NHS data management that 
supports health data science.
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Chapter 1 Introduction

Background

The problem
Sepsis is a life-threatening reaction to an infection in which the immune system overreacts to infection 
and causes organ damage. The Third International Consensus Definitions for Sepsis and Septic Shock 
(sepsis-3) defines sepsis as life-threatening organ dysfunction caused by a dysregulated host response 
to infection, in which organ dysfunction can be represented by an increase in the Sequential (Sepsis-
related) Organ Failure Assessment (SOFA) score of two points or more, and is associated with an 
in-hospital mortality > 10%.1

This definition has recognised limitations. Sepsis is a broad term applied to an incompletely understood 
process with, as yet, no criteria that uniquely identify a septic patient. In adults, the clinical presentation 
of infection and new organ damage is often seen in people with long-term conditions where a self-
limiting or easily treatable infection is exacerbating underlying comorbidity, rather than causing organ 
damage through a dysregulated response.2 In such circumstances, comorbidities or frailty may be the 
main determinants of mortality.3,4

Early recognition and treatment of sepsis has the potential to reduce mortality, depending upon the 
extent to which mortality risk is due to a dysregulated response to infection. Guidelines for sepsis 
highlight the importance of early recognition and treatment, with treatment recommended within 
1 hour of presentation for those at highest risk.5–9 This can only be achieved if sepsis is recognised and 
prioritised in the emergency care system.

Sepsis can be recognised by identifying clinical features of the host response or organ dysfunction, 
such as altered mental state, low blood pressure or rapid respiratory rate. Early warning scores use 
simple measurements to calculate a score, with a higher score indicating a higher risk of serious illness 
and adverse outcomes. They can be used by prehospital providers, such as ambulance paramedics, to 
identify people with suspected sepsis who need to be prioritised for treatment.10 Prioritisation can 
involve a range of options based around pre-alerting the emergency department (ED), allowing the 
patient with sepsis to be seen before other patients. This could lead to the patient with sepsis being 
seen immediately on arrival by a clinician who is able to provide time-critical treatment for sepsis and 
refer for urgent specialist care. Early warning scores could also be used to select people for prehospital 
treatment for sepsis, such as intravenous fluids or antibiotic therapy, to further reduce treatment delays.

The recognised limitations of the definition of sepsis and uncertainty around the benefits of early treatment 
can lead to lack of clarity in determining what an early warning score for sepsis is intended to diagnose or 
predict. An early warning score could be used to identify patients with a diagnosis of sepsis according to the 
sepsis-3 definition, to predict patients with the highest risk of adverse outcome from sepsis, or to identify 
patients most likely to benefit from early treatment or a specific intervention for sepsis.

An effective early warning score needs to be accurate and implemented with an appropriate balance 
between sensitivity and specificity. High sensitivity is needed to ensure that people with the potential 
to benefit from urgent treatment are not missed, with consequent delayed treatment and avoidable 
mortality and morbidity. However, sacrificing specificity to maximise sensitivity can result in overtriage, 
in which people without sepsis or the potential to benefit from urgent treatment are inappropriately 
prioritised. This increases the pressure on EDs and impairs their ability to provide rapid treatment 
to those who require it. It may also result in inappropriate prehospital treatment with associated 
consequences, especially if prehospital scope of practice for sepsis includes antibiotic therapy.
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The problem of overtriage is compounded if early warning scores are applied to an unselected 
population with a low prevalence of sepsis or a high prevalence of conditions that increase early 
warning scores in the absence of sepsis. National Institute for Health and Care Excellence (NICE) 
guidance advises thinking ‘could this be sepsis?’5 if a person presents with signs or symptoms that 
indicate possible infection and highlights that people with sepsis may have non-specific, non-localised 
presentations, and may not have a high temperature. This could result in sepsis being suspected in any 
patient attended by emergency ambulance for a medical complaint that is not attributable to a clear 
alternative cause. An early warning score with poor specificity could therefore result in overtriage of a 
huge number of patients, placing severe pressure on the emergency care system.

Uncertainty and evidence deficit
The NICE Guideline Development Group (GDG) identified a number of early warning scores that are 
easy to use, only require simple measurements and could therefore be used in the prehospital setting.5 
These are the Simple Triage Scoring System (STSS), Rapid Emergency Medicine Score (REMS) or 
modified-REMS, the Modified Early Warning score (MEWS) and National Early Warning score (NEWS).11–

14 They were developed through expert consensus or analysis of routine data from hospitalised patients 
and contain similar measures (heart rate, respiratory rate, oxygen saturation, blood pressure and 
conscious level) but differ in their calculation. REMS, MEWS and NEWS have been shown to predict 
adverse outcome in acute medical admissions, while STSS has been shown to predict mortality in 
inpatients with suspected infection.

The NICE GDG identified other early warning scores for use in hospital, such as Mortality in the 
Emergency Department, Sepsis and Predisposition, Infection, Response and Organ dysfunction, but did 
not recommend them for prehospital use on the basis that they include blood tests that are not currently 
available in the prehospital setting.5

A meta-analysis and systematic review of in-hospital studies suggested that early warning scores 
predicted mortality in sepsis with limited accuracy, based on poor-quality data.15 A systematic review 
of early warning scores undertaken for NICE guidance identified 47 relevant studies (including studies 
of in-hospital scores). All were judged as being of very low quality. There was significant variability in 
population, outcomes and analysis, so meta-analysis was not possible. No relevant economic evaluations 
were identified. The guideline recommended that clinicians consider using an early warning score to 
assess people with suspected sepsis in acute hospital settings and recommended research to determine 
whether early warning scores can be used to improve the detection of sepsis.

Two systematic reviews of prehospital identification of sepsis also reported limited existing evidence 
and a need for further research. Smyth et al. reported three studies developing prehospital sepsis 
screening tools for adults and six studies of paramedic diagnosis of sepsis.16 Lane et al. reported nine 
studies of prehospital identification of sepsis.17 Three of the studies from these systematic reviews 
evaluated sepsis-specific prehospital scores [Prehospital Early Sepsis Detection (PRESEP), Prehospital 
Severe Sepsis (PRESS) and the CIS], and the other studies evaluated MEWS, the Systemic Inflammatory 
Response Syndrome (SIRS) criteria and the Robson tool.18 Study quality was poor, sensitivity (0.43–0.86) 
and specificity (0.47–0.87) varied markedly, and none of the screening tools had been validated.

More recently, the qSOFA score has been derived and validated to predict death in hospitalised patients 
with suspected sepsis and NEWS has been updated to become the National Early Warning Score, 
version 2 (NEWS2).19–21 A meta-analysis of 38 recent studies of qSOFA reported pooled sensitivity 
of 0.61 and pooled specificity of 0.72 for mortality.22 A systematic review comparing qSOFA and 
hospital early warning scores for prognosis in suspected sepsis in ED patients suggested that qSOFA 
has better specificity for predicting adverse outcome at its recommended threshold but NEWS has 
better sensitivity.23
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Other recent studies have developed scores in the prehospital setting. Smyth et al. derived and 
validated the Screening to Enhance PrehoSpital Identification of Sepsis (SEPSIS) tool to identify 
patients with high risk of sepsis in medical cases attended by emergency ambulance with an area 
under the receiver operating characteristic (ROC) curve of 0.86, and sensitivity 0.80 and specificity 
0.78 at the recommended threshold.24 Bayer et al. developed the PRESEP score to identify sepsis 
in prehospital patients with suspected sepsis with area under the ROC curve 0.93, sensitivity 
0.85 and specificity 0.86.25 Polito et al. developed the PRESS score to identify severe sepsis in 
physiologically abnormal prehospital patients with suspected sepsis with sensitivity 0.86 and 
specificity 0.47.26

In developing our research proposal, we searched for studies evaluating the sensitivity and specificity or 
the effect of implementation of early warning scores for suspected sepsis in a prehospital population.10 
We identified 13 studies evaluating 20 scores. All but one were retrospective studies. The study 
populations varied from including all medical cases to including only those with presumed or diagnosed 
sepsis. Definitions of the reference standard included diagnosis (sepsis), prognosis (mortality) or health 
service use (admission to intensive care). Sensitivity and specificity varied substantially across the scores 
and studies. The most extensively studied score, qSOFA (studied in 9 of the 13 studies), had sensitivity 
ranging from 0.16 to 0.86 and specificity ranging from 0.16 to 0.97.

Two single-centre uncontrolled before versus after implementation studies have evaluated the 
potential effect of a score on practice. Polito et al. showed that implementation of the PRESS score 
was associated with improved sepsis recognition by prehospital personnel.26 Borelli et al. showed that 
implementation of a prehospital sepsis screening tool was associated with improved clinician compliance 
with Surviving Sepsis Campaign 3-hour sepsis bundle recommendations.27

Previous studies have important limitations other than the low quality identified in the NICE review:

1.	 Early warning scores should ideally identify patients who have the greatest potential to benefit from 
prioritisation and urgent treatment. Studies using mortality as the outcome or reference standard 
may not achieve this aim.28 Firstly, patients whose lives are saved by urgent treatment will be cate-
gorised as reference standard negative despite having clearly benefited. Secondly, patients with se-
vere pre-existing life-limiting conditions that make life-saving treatment futile or inappropriate will 
be classified as reference standard positive despite having little potential to benefit. Early warning 
scores developed to predict adverse outcomes such as mortality may therefore identify those with 
irreversible mortality while missing those with greatest potential to benefit from urgent treatment.

2.	 Early warning scores need to be operationalised by using a threshold for decision-making that 
optimises the trade-off between sensitivity and specificity in terms of the benefits, harms and costs 
of prioritisation. Existing studies have not explicitly examined the trade-off in these terms and the 
NICE review identified no relevant economic evaluations. Although the cost of applying an early 
warning score is small, the potential knock-on costs of overtriage are substantial.

3.	 Early warning scores should be evaluated in the population in whom the score will be used. REMS, 
MEWS and NEWS were developed and validated in acute medical inpatients with a range of 
medical complaints, while STSS and qSOFA were developed in inpatients with suspected sepsis. 
Inpatient populations, especially those identified as having suspected sepsis by hospital clinicians, 
are likely to have a higher prevalence of severe sepsis than prehospital populations. Using an early 
warning score developed for an inpatient population in the prehospital setting could lead to sub-
stantial overtriage.

Research therefore needs to use a reference standard or outcome that reflects potential to benefit from 
urgent treatment, examine the trade-off between sensitivity and specificity in terms of the benefit, 
harms and costs of using an early warning score to prioritise patients, and evaluate early warning scores 
in the prehospital population.
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Research objectives

We aimed to determine the accuracy, impact and cost-effectiveness of prehospital early warning scores 
for adults with suspected sepsis. Our specific objectives were:

1.	 to estimate the accuracy of prehospital early warning scores for identifying sepsis requiring 
time-critical treatment in adults with possible sepsis who are attended by emergency ambulance

2.	 to estimate the impact of using prehospital early warning scores to guide key prehospital decisions, 
in terms of the operational consequences, and the cost-effectiveness of alternative strategies.

We planned two concurrent streams of work to address these objectives:

1.	 A retrospective cohort study using routine data sources to estimate the accuracy of prehospital 
early warning scores alongside paramedic diagnostic impression (index test) for identifying sepsis 
requiring time-critical treatment (reference standard) in adults with possible sepsis who are attend-
ed by emergency ambulance (population).

2.	 Decision-analytic modelling to determine the impact of using prehospital early warning scores to 
guide two key decisions: (1) alerting the receiving hospital so that the patient is seen immediately 
on arrival; (2) providing prehospital treatment for sepsis, such as intravenous antibiotics.

We focused on evaluating existing scores rather than developing a new score, because the existing 
evidence showed that numerous scores have been developed, but with very limited validation.

We limited our study to adults because the presentation and management of sepsis differ markedly 
between adults and children. The physiological constituents of early warning scores have different 
normal ranges and associations with outcome in adults and children, the confounding role of 
comorbidities is more significant in adults, and adults have higher rates of adverse outcome than 
children, when sepsis is suspected. For these reasons adults and children have separate guidelines for 
suspected sepsis and are studied in separate research projects.
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Chapter 2 Retrospective cohort study

Methods

We used routine sources to collect data from a cohort of patients with possible sepsis who were 
transported by two ambulance services (Yorkshire and West Midlands) to four acute hospitals (Sheffield 
Northern General Hospital, Rotherham General Hospital, Barnsley Hospital, and University Hospitals 
Coventry and Warwickshire). We calculated early warning scores from routine data recorded on the 
ambulance service electronic patient-report form (ePRF) and determined the number of cases that 
would be prioritised using early warning scores alongside paramedic diagnostic impression.

We planned to determine the accuracy of early warning scores and paramedic diagnostic impression 
against a reference standard of sepsis needing urgent treatment, based on retrospective hospital record 
review. We planned to use the Data Access Request Service (DARS) from NHS Digital to link ambulance 
service data to Emergency Care Data Set, Hospital Episodes Statistics and Office for National Statistics 
mortality data. Hospitals would then be notified of cases with a diagnostic coding for sepsis that would 
undergo reference standard assessment. However, we were unable to implement this plan (see details 
below) and had to use an alternative approach, linking data from one ambulance service (Yorkshire) to 
one hospital (Sheffield Northern General Hospital).

Study population
We used routine ambulance service data to identify all episodes in which Yorkshire or West Midlands 
Ambulance Service transported adults as an emergency to the participating hospitals over the course 
of 2019 and a diagnosis of sepsis could have been suspected. We excluded episodes with injury, mental 
health problems, cardiac arrest or direct transfer to specialist services (including maternity, cardiac or 
stroke services). We also excluded episodes with no vital signs recorded since vital signs are essential to 
calculating early warning scores.

The participating ambulance services used an item on the ePRF to record the ambulance clinician 
diagnostic impression from a range of standardised options. These options differed between the two 
ambulance services, so clinical experts in the research team grouped the diagnostic impressions into 
five categories:

1.	 sepsis
2.	 infection (excluding sepsis)
3.	 non-specific diagnostic impression in which sepsis could be suspected
4.	 other diagnostic impression in which sepsis would not usually be suspected
5.	 diagnostic impression meets exclusion criteria.

Appendix 1 shows the categorisation of diagnostic impressions in the two ambulance services. We 
excluded episodes with a diagnostic impression in category 5 or no diagnostic impression recorded. 
Categories 1–4 were used to evaluate how the accuracy of early warning scores varied according 
to their application on the basis of diagnostic impression. NICE guidance suggests that sepsis could 
be suspected in any non-specific presentation but only applying early warning scores to those with 
suspected sepsis or suspected infection could provide a better balance of sensitivity and specificity.

The ambulance services differed in the way that diagnostic impression was recorded, with Yorkshire 
Ambulance Service only allowing one diagnosis to be recorded, while West Midlands Ambulance Service 
allowed multiple diagnoses, with no ranking in order of likelihood or importance. We categorised the 
West Midlands episodes according to whichever impression was nearest the top of our ranked order. 
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For example, a patient with diagnostic impressions of atrial fibrillation, urinary tract infection and sepsis 
would be categorised in group 1. The exception was category 5, where any diagnosis meeting the 
exclusion criteria resulted in exclusion.

This represented a fundamental difference in the way that diagnostic category would be used in principle 
and in practice alongside an early warning scores. In Yorkshire, patients in category 1 would be those in 
whom the ambulance clinician considered sepsis to be the most likely diagnosis. In the West Midlands, 
patients in category 1 would be those in whom sepsis was one of the main differential diagnoses.

We identified patients with multiple episodes recorded so that we could use episode or patient as the 
unit of analysis. We only used data from the first episodes in analyses involving patient as the unit 
of analysis.

Prehospital early warning scores for sepsis
We evaluated any early warning scores that could be used by prehospital professionals and calculated 
from routinely available prehospital data. We included dichotomous scores (i.e. rules) that simply 
categorise into high- and low-risk groups, but refer collectively to the index test as constituting early 
warning scores for simplicity.

We searched EMBASE, CINHAL, PubMed, Clinicaltrials.gov, the ISRCTN registry and Research Registry 
for completed and ongoing studies of early warning scores for suspected sepsis in a prehospital 
population using the search strategy outlined in Appendix 2.

We planned to convene a group of 10–15 experts from prehospital care, emergency medicine and critical 
care to review the early warning scores identified by the literature search and select those that could be 
used in prehospital care and calculated from routinely available prehospital data. However, the COVID-
19 pandemic substantially reduced the ability of relevant clinicians to participate in this activity, so we 
amended the study protocol to allow clinical experts from the research team to review early warning 
scores for evaluation and reduce the need for the project to draw upon overstretched clinical expertise.

The clinical experts convened over two online meetings and selected early warning scores that fulfilled 
the following criteria: (1) the variables constituting the score are likely to be measured and recorded in a 
standard manner; (2) categorisation and allocation of points to form a score follows a logical and intuitive 
process; and (3) the process of calculating a score is simple and reproducible, with a low risk of error. They 
also considered whether thresholds used to categorise a continuous measure were based on accepted 
cut-points, such as accepted normal ranges, but did not exclude scores that failed to meet these criteria.

The clinical experts selected 21 early warning scores that could potentially be used by prehospital 
professionals and calculated from routine ambulance service data. They determined whether any 
modification to the score was required to allow it to be calculated from routine data and then specified 
the modification required. They also specified how the score should be calculated if any elements 
were missing in routine data. This usually involved assuming that any missing variables were normal or 
negative. Finally, they identified a decision-making threshold for each score using existing literature or 
their knowledge of use of the scores in practice.

Public representatives reviewed the early warning scores to determine whether their use was likely 
to be acceptable to the patient and the public, taking into account whether measuring or recording 
variables for the score could be intrusive for the patient, and whether the score raises concerns about 
equity, such as in relation to age, gender, ethnic group or socioeconomic status. Several scores used 
age as a variable, which was felt to be acceptable given the association between age and risk of adverse 
outcome, provided use did not result in any age discrimination. None of the scores used gender, ethnic 
groups or socioeconomic variables. Some concerns were raised about use of residence in a care home as 
a variable in the PRESS score. This was dropped from the score on the basis of these concerns and lack 
of ambulance service data to confirm residence.
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Table 1 outlines the scores and compares their constituent variables. Appendix 3 provides details of 
how each score is calculated, any modifications or assumptions in calculating the score from routine 
data, and the threshold for decision-making. The scores used combinations of age and six physiological 
measurements (temperature, heart rate, respiratory rate, peripheral oxygen saturation, conscious level, 
and blood pressure), along with a small number of other variables. Conscious level was assessed using 
either the Glasgow Coma Scale (GCS) or the alert, confusion, voice, pain, unresponsive (ACVPU) scale. 
Blood pressure was assessed using either the systolic blood pressure or the mean arterial pressure. 
Modification of the UK Sepsis Trust (UKST) red-flag criteria involved removing lactate, oliguria and 
recent chemotherapy from the criteria because these were not routinely recorded and lactate is not 
routinely measured in the prehospital setting.

TABLE 1 Early warning scores and constituent variables

Early warning 
score Age Temperature 

Heart 
rate 

Respiratory 
rate 

Oxygen 
saturation 

Conscious 
level 

Blood 
pressure Other 

90-30-9029 X X X

Borelli27 X X X X X X Suspected infection

CIS30 X X X X X X

HEWS31 X X X X X X Inspired oxygen

MEWS13 X X X X X

NEWS214 X X X X X X Inspired oxygen

NHS pre-alert32 X X X X X

PHANTASi33 X X X

PITSTOP34 X X Paramedic suspicion 
of infection

PreSAT35 X X X X

PRESEP25 X X X X X

PRESS26 X X X X Dispatch chief 
complaint of sick 
person; nursing 
home resident

PSP36 X X X X

REMS12 X X X X X X

qSOFA19 X X X

RST29 X X X X Blood glucose

SEPSIS24 X X X X X X X Skin appearance

Sepsis Alert37 X X X X Suspected or doc-
umented infection, 
hypoperfusion

STSS11 X X X X X X

Suffoletto 
strategy38

X X

UKST red flag39,a X X X X X Skin appearance

PITSTOP, Paramedic Initiated Treatment of Sepsis Targeting Out-of-hospital Patients clinical trial; PSP, Prehospital Sepsis 
Project; RST, Robson screening tool.
a	 Excluding lactate, oliguria and recent chemotherapy.
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We planned, as part of the expert group work, to use consensus methods to create additional scores for 
evaluation. However, having reviewed the existing scores, the clinical experts determined that there was 
little potential to develop an additional score from routinely recorded data that would provide a clinically 
important improvement on the extensive range of existing scores.

Calculation of the early warning score from electronic patient-report form data
Age, heart rate, respiratory rate, systolic blood pressure, peripheral oxygen saturation, temperature 
and GCS were recorded on the ePRF. Mean arterial blood pressure was calculated using a formula in 
which the diastolic blood pressure is doubled and added to systolic blood pressure, and then divided by 
three. Conscious level and ACVPU were inferred from GCS. We used the first recorded measurement 
for each variable, if it was recorded multiple times. If the variable was not recorded in the first set of 
observations, then the first recorded measurement was used from a subsequent set of observations.

Appendix 3 outlines how other variables used in the early warning scores were calculated from the ePRF. 
Reference standard results were unknown at the time of early warning score calculation.

Use of the early warning score alongside diagnostic impression
The index tests for our evaluation were early warning scores and paramedic diagnostic impression, 
either used alone or in combination. We evaluated how early warning scores could be used alongside 
the prehospital diagnostic impression by applying each early warning scores in the following ways:

1.	 Score applied only to cases in category 1 (sepsis), with cases in categories 2–4 considered index test 
negative.

2.	 Score applied only to cases in categories 1 and 2 (sepsis or infection), with cases in categories 3 and 
4 considered index test negative.

3.	 Score applied only to cases in categories 1–3 (sepsis, infection or non-specific), with cases in cate-
gory 4 considered index test negative.

4.	 Score applied to all eligible cases, regardless of diagnostic category (i.e. evaluation of the early 
warning scores alone).

We also evaluated diagnostic category alone as an index test (with no early warning scores) using three 
different thresholds: (1) category 1 positive, categories 2 to 4 negative; (2) categories 1 and 2 positive, 
categories 3 and 4 negative; and (3) categories 1 to 3 positive, category 4 negative.

The reference standard: sepsis requiring urgent treatment
The purpose of prehospital early warning scores is to prioritise patients who have potential to benefit 
from urgent treatment for sepsis. We therefore defined the reference standard as being positive if the 
patient met the sepsis-3 definition of sepsis and received treatment for sepsis within 4 hours of initial 
assessment at hospital. This definition recognised that some patients with sepsis have life-limiting 
conditions (such as metastatic malignancy or end-stage chronic disease) that would make urgent 
treatment for sepsis futile or run counter their wishes. The reference standard for the primary analysis 
(treated sepsis) required both diagnosis and treatment. We undertook a secondary analysis using a 
reference standard that only required the sepsis-3 definition to be met (diagnosed sepsis). The rationale 
for this approach was that the primary analysis would determine the accuracy for identifying cases most 
likely to benefit from urgent treatment. The secondary analysis would determine whether accuracy 
differed when the reference standard included cases that could have benefited from early diagnosis (e.g. 
to allow prognostication or consideration of treatment options), even though they did not receive urgent 
treatment for sepsis.

Determining the reference standard involved hospital record review and expert judgement, but we 
needed a large sample size to detect a sufficient number of cases with a positive reference standard. We 
therefore used a screening process to select cases for reference standard review that were likely to meet 
the reference standard definition and avoid review for those unlikely to meet the definition. We used 
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routine hospital data to select those with a primary or secondary International Classification of Disease 
(ICD) 10 admission code or cause of death compatible with sepsis, or an ED code for sepsis. Research 
nurses briefly reviewed the ED records of these cases and selected patients for expert review if they had 
a diagnosis of sepsis or any treatment for sepsis recorded in the ED notes or if sepsis was recorded as an 
admission diagnosis on the hospital discharge summary. Cases were excluded if there was no evidence 
of sepsis diagnosis or treatment, or if sepsis developed after hospital admission.

Two experts independently reviewed hospital records for all patients selected by the research nurses 
and determined whether the following criteria were met: (1) evidence of infection and life-threatening 
organ dysfunction (as defined by sepsis-3, the Third International Consensus Definitions for Sepsis and 
Septic Shock) within 4 hours of initial assessment; (2) treatment for sepsis was given within 4 hours. 
Evidence of infection could include microbiology reports identifying organisms, radiology reports 
identifying infective changes, or consistent markers of infection (elevated white cell count, C-reactive 
protein and temperature). Organ dysfunction, in accordance with the sepsis-3 definition, was defined 
as a SOFA score of 2 or more points worse than normal. The SOFA score was estimated using the ED 
observations chart and first blood results after admission. If arterial blood gas sampling had not been 
recorded, the arterial partial pressure of oxygen was estimated from the peripheral oxygen saturation. 
The normal SOFA score was estimated using previous hospital records and blood tests. Elements of the 
normal SOFA score were assumed to be zero unless there was clear evidence that they would not be 
normal, such as evidence of pre-existing confusion in patients with dementia or evidence of hypoxia or 
long-term oxygen therapy in patients with chronic lung disease. Treatment for sepsis usually involved 
evidence of administration of any antimicrobial that could be used to treat a sepsis-causing organism. 
Oral antimicrobial therapy was not considered to be treatment for sepsis unless there was a specific 
reason why intravenous antibiotics were not used (such as delays in gaining intravenous access). 
The expert reviewers were encouraged to make judgements in all cases, even when information was 
incomplete, since the potential bias from excluding cases with incomplete information was considered 
to be greater than the potential bias from misclassification. Index test results were not available to 
assessors during reference standard review, although assessors were aware of constituent elements of 
early warning scores recorded in ED notes.

If the two reviewers disagreed on the overall sepsis-3 judgement or whether treatment for sepsis was 
given, then a consensus decision was reached through discussion, with a third expert available to resolve 
any cases where consensus could not be reached. Disagreements over an element of the sepsis-3 
definition (evidence of infection or change in SOFA score) were left unresolved if they did not affect the 
overall judgement, that is, if the reviewers agreed that the sepsis-3 definition was not met but disagreed 
on which criterion was not met.

Data linkage and management
Each ambulance service provided data from all eligible cases transported to one of the participating 
hospitals over 2019. The ambulance service created a unique study identification number for each case. 
Two linked databases were created: (1) containing the unique identification, time and date of call, and 
personal details, which was sent to NHS Digital; (2) containing the unique identification, time and date 
of call, and all non-personal details, which was sent to the Sheffield Clinical Trials Research Unit (CTRU).

We planned that NHS Digital would use the personal details from the ambulance data to link each case 
to the Emergency Care Data Set data for the related ED attendance and any related Hospital Episodes 
Statistics or Office for National Statistics data from subsequent hospital admissions. They would then 
send selected de-identified data from the Emergency Care Data Set, Hospital Episodes Statistics and 
Office for National Statistics data alongside the unique study identification number to the Sheffield 
CTRU, and would send a data set to a research nurse at each participating hospital consisting of the 
unique study identification number, personal data and the selected Emergency Care Data Set, Hospital 
Episodes Statistics and Office for National Statistics data. The research nurses would then undertake the 
process outlined above to determine the reference standard.
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Our initial application to the NHS Digital DARS was rejected on the basis that the data flow process, 
involving NHS Digital sending personal data to multiple recipients (Sheffield CTRU and the four 
hospitals), incurred an unacceptable risk to NHS Digital. We therefore amended the data flow process 
so that NHS Digital would only send data to Sheffield CTRU, who would then send NHS numbers for 
patients requiring reference standard adjudication to the four hospitals. The regulatory authorities and 
NHS Digital approved the amended process.

After NHS Digital approved the application and signed a Data-Sharing Agreement with the University of 
Sheffield there was a prolonged delay in receiving data during which a scheduled date for data release 
(19 May 2022) passed without receiving any data. In September 2022, after 9 months of waiting for 
NHS Digital to provide data and no indication of when it would be provided, and with 4 months until 
the funder had stated that the project had to be completed, we still had not received linked data. At this 
point, after consultation with the study steering committee and public representatives, and approval 
from regulatory authorities, we implemented a rescue plan to allow us to collect reference standard 
data at one of the participating sites. Details of the timeline for seeking linked data from NHS Digital are 
outlined in Appendix 4.

The rescue plan involved Yorkshire Ambulance Service identifying all eligible cases transported to the 
Sheffield Northern General Hospital that had an NHS number recorded, excluding cases where the 
patient had opted out from access to their personal details for research purposes, and then adding 
NHS numbers to the data sent to Sheffield CTRU. The data were then sent to the Chief Investigator, 
who works as a clinician at the Sheffield Northern General Hospital. The Chief Investigator shared the 
data with the Scientific Computing team at Sheffield Teaching Hospitals NHS Trust, who searched the 
hospital information system for any ED attendances or hospital admissions with the same NHS number, 
occurring within 48 hours of ambulance transport to hospital. The Scientific Computing team informed 
Sheffield CTRU of any cases that could not be linked or had no coded attendance or admission within 
48 hours. These were excluded from the analysis. The Scientific Computing team then provided the 
Chief Investigator with ED codes and admission ICD10 codes or causes of death for all cases identified 
as having a coded attendance or admission within 48 hours. The Chief Investigator then identified all 
cases with an ED code of septicaemia or neutropenic sepsis, or a primary or secondary ICD10 code 
for sepsis.

As outlined above, the research nurses then screened the ED records and hospital discharge summaries 
of cases with a code for sepsis and selected for expert review those with a diagnosis of sepsis or 
treatment for sepsis recorded. Four consultants in emergency medicine who work in the Northern 
General Hospital ED (SG, KI, SC and GF) undertook expert review, with two independently reviewing 
each case.

Data analysis
We originally planned to undertake analysis across both ambulance services and all four hospitals, but 
revised this plan to undertake a separate analysis for each hospital because: (1) inability to use NHS 
Digital linkage meant that we could only measure the reference standard at Sheffield Northern General 
Hospital; (2) the two ambulance services used diagnostic impressions in fundamentally different ways, 
and evaluation of early warning scores alongside diagnostic impression was considered to be crucial.

Descriptive analysis of the ambulance service data for each participating hospital used episode as the 
unit of analysis to compare the index tests (early warning scores and paramedic diagnostic impressions) 
in terms of the mean [standard deviation (SD)] number of episodes per day that would be positive (i.e. 
prioritised or selected for treatment). We also reported the mean total eligible attendances per day and 
the mean number per day that received a pre-alert from the ambulance service. We then calculated 
the proportion of eligible attendances that would be prioritised using each index test strategy. This 
indicated whether each strategy is likely to be manageable and result in meaningful prioritisation, on the 
basis that prioritisation requires sufficient staff resources, sepsis is one of a number of conditions that 
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might benefit from prioritisation, and prioritisation will not be meaningful if too many attendances are 
prioritised. We used three categories to indicate whether each strategy was likely to be manageable, 
based on the opinions of clinicians in the research team:

•	 Green: < 5% of the mean daily attendances would be prioritised – likely to be manageable.
•	 Amber: 5–10% would be prioritised – uncertain.
•	 Red: more than 10% would be prioritised – unlikely to be manageable.

We evaluated each index test based upon using the recommended threshold (see Appendix 3) with the 
exception of NEWS2 and qSOFA, where we evaluated all potential thresholds. NEWS2 is routinely used 
in NHS ambulance services and can be implemented at any threshold with minimal additional training, 
while qSOFA is simple to calculate and recommended in international guidelines.1 Implementing other 
scores would require additional training and possibly decision-support tools. We therefore wanted to 
compare these scores to all NEWS2 thresholds to ensure that superior performance did not just reflect 
the chosen NEWS2 threshold.

When calculating early warning scores, missing parameters were generally assumed normal (scored 
zero): details for each score are outlined in Appendix 3. Cases were excluded from analysis of a specific 
early warning scores if more than half of the variables used to calculate the score were missing.

We used data from a subset of the cohort (patients with NHS numbers who were transported to the 
Sheffield Northern General Hospital) to estimate the accuracy of each index test compared to the 
reference standard. We used the patient as the unit of analysis and only included the first eligible 
episode per patient. Primary analysis used treated sepsis as the reference standard and secondary 
analysis used diagnosed sepsis (see The reference standard: sepsis requiring urgent treatment). Kappa 
scores were calculated to determine the agreement between adjudicators for each element of the 
reference standard, the overall reference standard judgement and the judgement of whether treatment 
for sepsis was provided.

We constructed ROC curves to evaluate sensitivity and specificity over the range of each score. We 
calculated the area under the ROC curve and sensitivities and specificities at key cut-points, each with a 
95% confidence interval (CI).

In our proposal, we planned to explore whether it is possible to statistically derive a clinically credible 
new score using multivariable logistic regression. We ultimately did not include this in our statistical 
analysis plan for the following reasons: (1) the large number of existing scores using the same limited 
number of available variables suggested that there was little potential to derive a new score with 
superior accuracy (other than due to overfitting); (2) the limited time available after delays incurred 
waiting for NHS Digital compelled us to prioritise the core analysis; (3) limitations in the population 
sample with reference standard adjudication (single site, only those with NHS numbers) undermined the 
potential applicability of a derived model to other settings.

Selection of strategies for the decision-analytic modelling
We used the results of the primary (treatment) analysis to compare the sensitivity and specificity of 
each strategy (combination of early warning score and diagnostic impression) to all other strategies and 
exclude any strategy that had inferior sensitivity and specificity to another strategy (i.e. both parameters 
inferior or one parameter equivalent and the other inferior). We used the point estimate to three decimal 
places for this assessment. Clinical experts in the group then reviewed these strategies for inclusion in 
the decision-analytic modelling. They excluded the strategies that were considered unmanageable due 
to prioritising > 10% of eligible cases in the analysis of mean daily rates of attendances prioritised. They 
then excluded strategies that would require additional training for ambulance and ED staff if they did 
not offer clearly superior accuracy to points on the NEWS2 ROC curve or an alternative rationale for use 
instead of NEWS2. The rationale for this decision was that NEWS2 is widely used by NHS ambulance 
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services and hospitals, so any alternative strategy requiring additional training would need to offer 
clearly superior accuracy. We included the accuracy of pre-alert practice in 2019 alongside diagnostic 
impression as a strategy in this assessment in case it could represent a worthwhile comparator strategy 
in the modelling.

Sample size
We based our planned sample size estimate on data from Smyth et al. reporting 3.7% prevalence of 
high-risk sepsis in adults transported to hospital with a non-specific emergency presentation,24 and data 
from reviews of sepsis by the National Confidential Enquiry into Patient Outcome and Death (NCEPOD) 
and the Intensive Care National Audit and Research Centre (ICNARC).40,41 NCEPOD identified 3363 
adults (≥ 16 years) seen by the Critical Care Outreach Team or admitted directly to critical care with a 
diagnosis of sepsis across 305 hospitals over a 2-week period. ICNARC reported 22,081 admissions 
to critical care with septic shock across 205 hospitals over 2012. These studies suggest that the key 
determinant of sample size is the number of reference standard positive cases (to estimate sensitivity 
with acceptable precision) and an incidence of around two reference standard positive cases per week at 
a typical hospital.

Our plan to collect data across four hospitals over 1 year was based on attempting to ensure 
generalisability across multiple sites and avoid seasonality. Data from Smyth suggested around 23,000 
eligible episodes over 1 year at each participating hospital, including around 847 with the reference 
standard, providing a total sample size of 92,000 across four hospitals with 3388 reference standard 
positive cases. This would result in an overpowered study with unnecessary and excessive work 
delivering reference standard validation. We therefore planned to randomly sample cases at each site to 
achieve a sufficient number of reference standard positive cases.

We estimated that around 2000 episodes would be selected for research nurse review (500 at each 
site), with around 1000 for expert hospital record review, to identify 200 reference standard positive 
episodes. This sample size would allow us to estimate the sensitivity of an early warning score with a 
standard error of 2.1% assuming sensitivity of 90%, and the area under the ROC curve with a standard 
error of 2% assuming an area under the ROC curve of at least 0.75.42 The sample size also satisfies 
the recommendation by Collins et al. that external validation studies be based on a minimum of 
100–200 events.43

Following the failure of NHS Digital to provide linked data and the activation of our rescue plan, we 
attempted to pragmatically deliver an appropriate sample size within the time and resources available. 
We decided that random sampling of cases would not be practical and instead used consecutive 
sampling of cases in time order. In the event we were able to review all available cases across 2019 at 
the Sheffield site and deliver a sample of reference standard positive cases that exceeded our planned 
sample size.

Ethical approvals
The study gained initial approval from the London – Stanmore Research Ethics Committee (REC) 
(reference number 19/LO/1443) on 23 September 2019 and the Health Research Authority (HRA) on 30 
January 2020. Due to the use of personal data for record linkage Confidentiality Advisory Group (CAG) 
approval was sought and granted on 13 January 2020. Over the course of the study, three substantial 
amendments were submitted to the REC, HRA and CAG. Dates of approval are provided in Table 2 and 
the resulting changes are outlined in the text below.

Substantial amendment 1
A change to the inclusion criteria for the study on the Integrated Research Application System form, 
lowering the age of inclusion from 18+ to 16+ in order to bring the study inclusion criteria in line with 
the age the ambulance services consider to be an adult.
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Substantial amendment 2
A change to the data flow in order to secure approval from NHS Digital. The initial data flow was 
rejected by NHS Digital as it involved the provision of data to more than one data processor. The 
new approach was for NHS Digital to send all data to Sheffield CTRU, who would act as the data 
processor and controller. Sheffield CTRU would then securely transfer NHS numbers to the appropriate 
participating hospitals for assessment of the patient for reference standard inclusion.

Substantial amendment 3
The introduction of an alternative data flow to be used in the case that NHS Digital data linkage was not 
delivered. This involved staff at one participating hospital (Northern General Hospital, Sheffield) using 
NHS numbers to link data form one ambulance service (Yorkshire) to the hospital data.

Results

Overview of the ambulance service data
There were 178,333 ambulance episodes provided from 2019: 27,564 from West Midlands Ambulance 
Service and 150,769 from Yorkshire Ambulance Service. The Yorkshire Ambulance Service data set 
(Doncaster, Sheffield and Rotherham sites) was missing a period of 9 days in February. The West 
Midlands Ambulance Service data set (Coventry site) was missing data for the second half of each of the 
last 6 months of the year.

We excluded 83,311 episodes that met study exclusion criteria, had no unique patient identifier or had 
no data to calculate early warning scores. The analysis set included 95,022 episodes from 71,204 unique 
patients across the four sites. Table 3 compares the characteristics of the 71,204 first episodes to those 
of the 23,818 repeat episodes. The repeat episodes involved patients who tended to be older (median 
age 75 vs. 66 years) and had slightly more abnormal physiological measurements. Diagnostic impressions 
of sepsis (4.4% vs. 3.8%), infection (9.7% vs. 8.8%) and non-specific presentations (41.8% vs. 37.1%) 
were slightly more common in the repeat attendances.

Table 4 shows the characteristics of the 71,204 patients by hospital site. Patients at the larger hospitals 
(Sheffield and Coventry) tended to be older and more ethnically diverse. Patients transported to 
Coventry by West Midlands Ambulance Service were more likely to have a diagnostic impression of 
sepsis (6.5% vs. 2.5–3.6%), infection (21.4% vs. 3.7–5.5%) or non-specific presentations (40.8% vs. 
33.9–38.3%), reflecting the potential for paramedics in West Midlands Ambulance Service to record 
multiple diagnostic impressions.

Daily rates of prioritised attendances
Tables 5–8 show, for each hospital, the mean (SD) number of attendances per day that would be 
prioritised according to each strategy using the threshold in the second column and when applied to 
the paramedic diagnostic impression(s) in the remaining columns. The first row shows the number of 
attendances prioritised using paramedic diagnostic impression alone. The second row shows the number 
of attendances that were recorded as being pre-alerted to the ED in 2019.

TABLE 2 Dates of approval of substantial amendments

 Amendment date REC approval HRA approval CAG approval 

Substantial amendment 1 16 December 2019 20 December 2019 30 January 2020 Not required

Substantial amendment 2 24 May 2021 7 June 2021 15 June 2021 17 June 2021

Substantial amendment 3 6 July 2022 20 July 2022 26 July 2022 26 July 2022
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TABLE 3 First episode characteristics vs. repeat episode characteristics

 
First  
(N = 71,204) 

Repeat 
(N = 23,818) 

Total  
(N = 95,022) 

Age (years)

Mean (SD) 61.7 (22.3) 68.8 (19.8) 63.5 (21.9)

Median (IQR) 66.0 (44.0–81.0) 75.0 (56.0–84.0) 69.0 (47.0–82.0)

Range 16.0–106.0 16.0–107.0 16.0–107.0

Sex

Missing 220 49 269

Female (%) 37,588 (53.0) 12,539 (52.8) 50,127 (52.9)

Male (%) 33,396 (47.0) 11,230 (47.2) 44,626 (47.1)

Ethnicity

Missing 29,005 9381 38,386

White (%) 40,045 (94.9) 13,979 (96.8) 54,024 (95.4)

Asian (%) 968 (2.3) 253 (1.8) 1221 (2.2)

Black (%) 397 (0.9) 69 (0.5) 466 (0.8)

Mixed (%) 208 (0.5) 41 (0.3) 249 (0.4)

Other (%) 581 (1.4) 95 (0.7) 676 (1.2)

ACVPU

Missing 1944 688 2632

Alert (%) 63,059 (91.0) 20,805 (89.9) 83,864 (90.8)

Confusion (%) 2371 (3.4) 991 (4.3) 3362 (3.6)

Pain (%) 890 (1.3) 282 (1.2) 1172 (1.3)

Unresponsive (%) 1029 (1.5) 282 (1.2) 1311 (1.4)

Voice (%) 1911 (2.8) 770 (3.3) 2681 (2.9)

GCS

Mean (SD) 14.5 (1.7) 14.4 (1.7) 14.5 (1.7)

Median (IQR) 15.0 (15.0–15.0) 15.0 (15.0–15.0) 15.0 (15.0–15.0)

Range 3.0–15.0 3.0–15.0 3.0–15.0

Diastolic BP (mmHg)

Mean (SD) 82.1 (17.4) 79.9 (17.3) 81.6 (17.4)

Median (IQR) 82.0 (71.0–93.0) 79.0 (68.0–90.0) 81.0 (70.0–92.0)

Range 0.0–197.0 0.0–191.0 0.0–197.0

Systolic BP (mmHg)

Mean (SD) 140.9 (28.1) 138.7 (27.8) 140.3 (28.1)

Median (IQR) 139.0 (122.0–157.0) 137.0 (120.0–155.0) 138.0 (122.0–157.0)

Range 32.0–285.0 36.0–288.0 32.0–288.0
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First  
(N = 71,204) 

Repeat 
(N = 23,818) 

Total  
(N = 95,022) 

Heart rate (beats/minute)

Mean (SD) 90.1 (23.2) 90.3 (22.5) 90.2 (23.0)

Median (IQR) 88.0 (74.0–104.0) 88.0 (74.0–104.0) 88.0 (74.0–104.0)

Range 0.0–220.0 0.0–220.0 0.0–220.0

Oxygen saturation (%)

Mean (SD) 95.7 (5.2) 94.6 (6.0) 95.4 (5.4)

Median (IQR) 97.0 (95.0–98.0) 96.0 (94.0–98.0) 97.0 (95.0–98.0)

Range 10.0–100.0 15.0–100.0 10.0–100.0

Supplemental oxygen

Missing 7433 2005 9438

No (%) 60,228 (94.4) 20,100 (92.1) 80,328 (93.9)

Yes (%) 3543 (5.6) 1713 (7.9) 5256 (6.1)

Respiration (breath/minute)

Mean (SD) 20.5 (6.4) 21.4 (6.9) 20.7 (6.6)

Median (IQR) 18.0 (16.0–22.0) 20.0 (18.0–24.0) 18.0 (16.0–22.0)

Range 0.0–98.0 0.0–98.0 0.0–98.0

Temp (°C)

Mean (SD) 37.0 (1.0) 37.0 (0.9) 37.0 (1.0)

Median (IQR) 36.9 (36.4–37.4) 36.9 (36.4–37.4) 36.9 (36.4–37.4)

Range 26.0–42.0 27.0–41.8 26.0–42.0

Glucose (mmol/l)

Mean (SD) 7.3 (3.4) 7.5 (3.7) 7.4 (3.5)

Median (IQR) 6.4 (5.5–7.9) 6.5 (5.5–8.1) 6.4 (5.5–7.9)

Range 0.0–49.0 0.6–50.0 0.0–50.0

Pre-alerted

No (%) 65,736 (92.3) 22,011 (92.4) 87,747 (92.3)

Yes (%) 5468 (7.7) 1807 (7.6) 7275 (7.7)

Impression

1 – sepsis (%) 2700 (3.8) 1045 (4.4) 3745 (3.9)

2 – infection (%) 6293 (8.8) 2321 (9.7) 8614 (9.1)

3 – non-specific (%) 26,393 (37.1) 9962 (41.8) 36,355 (38.3)

4 – others (%) 35,818 (50.3) 10,490 (44.0) 46,308 (48.7)

BP, blood pressure.

TABLE 3 First episode characteristics vs. repeat episode characteristics (continued)
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TABLE 4 Participant characteristics (first episode) by site

 
DRI  
(N = 15,825) 

NGH  
(N = 24,815) 

RGH  
(N = 13,222) 

UHCW  
(N = 17,342) 

Total  
(N = 71,204) 

Age (years)

Mean (SD) 63.1 (21.7) 60.9 (22.7) 62.2 (22.0) 61.2 (22.2) 61.7 (22.3)

Median (IQR) 68.0 (47.0–81.0) 65.0 (42.0–80.0) 67.0 (45.0–81.0) 65.0 (44.0–80.0) 66.0 (44.0–81.0)

Range 16.0–105.0 16.0–105.0 16.0–106.0 16.0–105.0 16.0–106.0

Sex

Missing 7 22 6 185 220

Female (%) 8564 (54.1) 13,087 (52.8) 7233 (54.7) 8704 (50.7) 37,588 (53.0)

Male (%) 7254 (45.9) 11,706 (47.2) 5983 (45.3) 8453 (49.3) 33,396 (47.0)

Ethnicity

Missing 3095 12,115 4461 9334 29,005

White (%) 12,412 (97.5) 11,931 (93.9) 8493 (96.9) 7209 (90.0) 40,045 (94.9)

Asian (%) 90 (0.7) 256 (2.0) 137 (1.6) 485 (6.1) 968 (2.3)

Black (%) 43 (0.3) 127 (1.0) 16 (0.2) 211 (2.6) 397 (0.9)

Mixed (%) 53 (0.4) 81 (0.6) 12 (0.1) 62 (0.8) 208 (0.5)

Other (%) 132 (1.0) 305 (2.4) 103 (1.2) 41 (0.5) 581 (1.4)

ACVPU

Missing 2 0 1 1941 1944

Alert (%) 14,497 (91.6) 22,853 (92.1) 12,166 (92.0) 13,543 (87.9) 63,059 (91.0)

Confusion (%) 456 (2.9) 724 (2.9) 417 (3.2) 774 (5.0) 2371 (3.4)

Pain (%) 189 (1.2) 298 (1.2) 124 (0.9) 279 (1.8) 890 (1.3)

Unresponsive (%) 196 (1.2) 298 (1.2) 164 (1.2) 371 (2.4) 1029 (1.5)

Voice (%) 485 (3.1) 642 (2.6) 350 (2.6) 434 (2.8) 1911 (2.8)

GCS

Mean (SD) 14.5 (1.7) 14.5 (1.6) 14.5 (1.6) 14.4 (1.9) 14.5 (1.7)

Median (IQR) 15.0 (15.0–15.0) 15.0 (15.0–15.0) 15.0 (15.0–15.0) 15.0 (15.0–15.0) 15.0 (15.0–15.0)

Range 3.0–15.0 3.0–15.0 3.0–15.0 3.0–15.0 3.0–15.0

Diastolic BP (mmHg)

Mean (SD) 83.3 (18.1) 82.6 (17.4) 82.7 (17.3) 80.0 (16.6) 82.1 (17.4)

Median (IQR) 83.0 (71.0–94.0) 82.0 (71.0–93.0) 83.0 (72.0–93.0) 79.0 (70.0–89.0) 82.0 (71.0–93.0)

Range 0.0–197.0 0.0–195.0 0.0–192.0 0.0–196.0 0.0–197.0

Systolic BP (mmHg)

Mean (SD) 142.7 (28.4) 140.8 (27.1) 141.3 (27.2) 139.0 (30.0) 140.9 (28.1)

Median (IQR) 141.0 
(124.0–159.0)

139.0 
(123.0–156.0)

140.0 
(123.0–156.0)

137.0 
(118.0–158.0)

139.0 
(122.0–157.0)

Range 42.0–260.0 43.0–285.0 48.0–281.0 32.0–271.0 32.0–285.0
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DRI  
(N = 15,825) 

NGH  
(N = 24,815) 

RGH  
(N = 13,222) 

UHCW  
(N = 17,342) 

Total  
(N = 71,204) 

Heart rate (beats/minute)

Mean (SD) 90.1 (23.4) 89.1 (22.3) 89.4 (22.4) 92.2 (24.8) 90.1 (23.2)

Median (IQR) 88.0 (74.0–103.0) 86.0 (74.0–102.0) 87.0 (74.0–102.0) 90.0 
(75.0–106.0)

88.0 (74.0–104.0)

Range 0.0–220.0 0.0–218.0 0.0–220.0 0.0–220.0 0.0–220.0

Oxygen saturation (%)

Mean (SD) 95.5 (5.5) 95.8 (4.9) 95.6 (5.1) 95.9 (5.3) 95.7 (5.2)

Median (IQR) 97.0 (95.0–98.0) 97.0 (95.0–98.0) 97.0 (95.0–98.0) 97.0 (95.0–99.0) 97.0 (95.0–98.0)

Range 13.0–100.0 10.0–100.0 16.0–100.0 17.0–100.0 10.0–100.0

Supplemental oxygen

Missing 53 45 29 7306 7433

No (%) 14,756 (93.6) 23,466 (94.7) 12,473 (94.5) 9533 (95.0) 60,228 (94.4)

Yes (%) 1016 (6.4) 1304 (5.3) 720 (5.5) 503 (5.0) 3543 (5.6)

Respiration (breath/minute)

Mean (SD) 20.7 (6.4) 20.1 (6.0) 20.6 (6.2) 20.6 (7.1) 20.5 (6.4)

Median (IQR) 18.0 (18.0–22.0) 18.0 (16.0–22.0) 18.0 (18.0–22.0) 18.0 (16.0–22.0) 18.0 (16.0–22.0)

Range 0.0–98.0 0.0–93.0 0.0–96.0 0.0–98.0 0.0–98.0

Temp (°C)

Mean (SD) 37.0 (1.0) 36.9 (1.0) 37.0 (1.0) 37.0 (1.0) 37.0 (1.0)

Median (IQR) 36.9 (36.4–37.4) 36.8 (36.4–37.4) 36.9 (36.4–37.4) 36.9 (36.4–37.5) 36.9 (36.4–37.4)

Range 26.4–41.7 26.0–41.8 32.0–41.8 30.1–42.0 26.0–42.0

Glucose (mmol/l)

Mean (SD) 7.3 (3.4) 7.2 (3.3) 7.3 (3.4) 7.4 (3.6) 7.3 (3.4)

Median (IQR) 6.4 (5.5–7.9) 6.3 (5.5–7.8) 6.4 (5.5–7.9) 6.4 (5.6–7.9) 6.4 (5.5–7.9)

Range 0.1–44.0 0.5–49.0 0.4–46.0 0.0–39.5 0.0–49.0

Pre-alert

No (%) 14,584 (92.2) 23,601 (95.1) 12,036 (91.0) 15,515 (89.5) 65,736 (92.3)

Yes (%) 1241 (7.8) 1214 (4.9) 1186 (9.0) 1827 (10.5) 5468 (7.7)

Impression

1 – sepsis (%) 477 (3.0) 623 (2.5) 472 (3.6) 1128 (6.5) 2700 (3.8)

2 – infection (%) 585 (3.7) 1377 (5.5) 613 (4.6) 3717 (21.4) 6292 (8.8)

3 – non-specific (%) 6063 (38.3) 8413 (33.9) 4836 (36.6) 7082 (40.8) 26,394 (37.1)

4 – other (%) 8700 (55.0) 14,402 (58.0) 7301 (55.2) 5415 (31.2) 35,818 (50.3)

DRI, Doncaster Royal Infirmary; NGH, Northern General Hospital; RGH, Rotherham General Hospital; UHCW, University 
Hospitals Coventry and Warwickshire.

TABLE 4 Participant characteristics (first episode) by site  (continued)
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The colours in Tables 5–8 indicate the proportion of eligible attendances that would be prioritised and 
thus whether the number of prioritised cases would be manageable. Green indicates that < 5% of the 
mean daily attendances would be prioritised (likely to be manageable), amber indicates that 5–10% 
would be prioritised (uncertain) and red indicates that more than 10% would be prioritised (unlikely to 
be manageable).

The mean (SD) number of daily attendances meeting the study inclusion criteria were 93.5 (14.7) at 
Sheffield Northern General Hospital, 59.5 (10.8) at Doncaster Royal Infirmary, 51.3 (8.9) at Rotherham 
General Hospital, and 74 (11) at University Hospitals Coventry and Warwickshire. The proportion 

TABLE 5 Mean (SD) daily number prioritised for Doncaster Royal Infirmary

Early 
warning 
score Threshold 

Impression

Sepsis 
Sepsis/
infection 

Sepsis/infection/ 
non-specific All 

Impression alone 1.9 (1.3) 4.2 (2.2) 28 (6.8) 59.5 (10.8)

Pre-alerted 0.9 (1) 1 (1) 2.6 (1.7) 4.7 (2.4)

NEWS2 4 1.7 (1.2) 2.9 (1.8) 10.9 (4) 15.1 (4.7)

NEWS2 6 1.5 (1.2) 2.1 (1.5) 6.7 (2.9) 8.4 (3.3)

qSOFA 0 1.7 (1.3) 3.2 (1.9) 15.6 (4.8) 25.6 (6.4)

qSOFA 1 0.8 (0.9) 1.1 (1.1) 3.3 (2) 4.6 (2.3)

90-30-90 0 1.3 (1.1) 2 (1.5) 8.2 (3.2) 10.8 (3.6)

Borelli 0 1.4 (1.1) 2.1 (1.5) 6.6 (3) 8.4 (3.4)

CIS 0 1.8 (1.3) 4 (2.2) 25.9 (6.5) 52.2 (9.9)

CIS 4 0.4 (0.6) 0.5 (0.7) 1.1 (1.1) 1.4 (1.2)

HEWS 4 1.5 (1.2) 2.3 (1.5) 7.9 (3.3) 11.1 (3.9)

MEWS 4 1.4 (1.1) 1.9 (1.4) 5.2 (2.5) 7.1 (3)

NHS 0 1.5 (1.1) 2.3 (1.6) 9.3 (3.5) 13.5 (4.1)

PHANTASi 0 1.4 (1.1) 2.2 (1.5) 5.9 (2.8) 8.1 (3.4)

PITSTOP 0 0.2 (0.4) 0.2 (0.5) 0.4 (0.6) 0.4 (0.7)

PreSAT 0 1.6 (1.2) 2.8 (1.7) 10.6 (3.8) 15.4 (4.8)

PRESEP 3 1.6 (1.2) 2.8 (1.7) 8.8 (3.6) 11.3 (4.2)

PRESS 1 0.3 (0.5) 0.3 (0.6) 0.9 (1.1) 1.1 (1.2)

PSP 1 1.7 (1.2) 2.9 (1.8) 12.6 (4.2) 22.3 (5.6)

REMS 2 1.8 (1.3) 3.9 (2.1) 24.9 (6.4) 49.1 (9.5)

RST 0 1.8 (1.3) 3.4 (1.9) 15.2 (4.6) 25.7 (6.3)

SAS 0 0.1 (0.3) 0.1 (0.4) 0.4 (0.6) 0.5 (0.7)

SEPSIS 4 0.9 (0.9) 1.1 (1) 2.4 (1.7) 2.7 (1.7)

STSS 1 1.4 (1.2) 2.6 (1.7) 11.7 (4.1) 17 (4.9)

Suffoletto 0 1.4 (1.2) 2.4 (1.6) 7 (3.1) 9.2 (3.6)

UK 0 1.7 (1.3) 3.1 (1.9) 14.2 (4.6) 22.6 (5.7)

PITSTOP, Paramedic Initiated Treatment of Sepsis Targeting Out-of-hospital Patients clinical trial; PSP, Prehospital Sepsis 
Project; RST, Robson screening tool.
Green: <5% prioritised; Amber 5–10% prioritised; Red >10% prioritised..
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of attendances that the ambulance service pre-alerted to the hospital varied from 5.1% (4.8/93.5) 
at Sheffield Northern General Hospital to 10.3% (7.6/74) at University Hospitals Coventry and 
Warwickshire, with around 1 in 5 of the pre-alerted attendances at the Yorkshire hospitals having a 
diagnostic impression of sepsis, compared to 1 in 3 in the West Midlands.

The proportions of cases in categories 1 and 2 were higher at University Hospitals Coventry and 
Warwickshire because paramedics at West Midlands Ambulance Service can select multiple diagnostic 
impressions whereas paramedics at Yorkshire Ambulance Service can select only one. As a consequence, 

TABLE 6 Mean (SD) daily number prioritised for Sheffield Northern General Hospital

Early warning 
score Threshold 

Impression

Sepsis 
Sepsis/
infection 

Sepsis/
infection/ 
non-specific All 

Impression alone 2.5 (1.6) 8 (3.2) 41 (8.6) 93.5 (14.7)

Pre-alerted 1 (1) 1.3 (1.1) 2.9 (1.8) 4.8 (2.3)

NEWS2 4 2.2 (1.5) 5.3 (2.6) 16.1 (5.1) 22.7 (6.2)

NEWS2 6 1.9 (1.4) 3.6 (2.1) 9.6 (3.5) 12.3 (3.9)

qSOFA 0 2.2 (1.5) 5.9 (2.7) 23.1 (6.1) 39.3 (8.2)

qSOFA 1 1.2 (1.1) 2 (1.5) 5.1 (2.5) 7.4 (2.9)

90-30-90 0 1.6 (1.2) 3.3 (2) 11.6 (4) 15.4 (4.7)

Borelli 0 1.9 (1.4) 3.9 (2.2) 9.5 (3.7) 12.4 (4.2)

CIS 0 2.5 (1.6) 7.7 (3.1) 37.3 (8) 79 (12.9)

CIS 4 0.5 (0.8) 0.6 (0.8) 1.5 (1.3) 1.9 (1.4)

HEWS 4 1.9 (1.4) 4 (2.2) 11.2 (3.9) 15.7 (4.7)

MEWS 4 1.7 (1.3) 3.3 (2) 7.3 (3.1) 10.1 (3.6)

NHS 0 1.8 (1.3) 3.9 (2.2) 13.3 (4.4) 19.7 (5.4)

PHANTASi 0 1.8 (1.4) 4.4 (2.3) 8.9 (3.6) 12.7 (4.4)

PITSTOP 0 0.2 (0.5) 0.4 (0.6) 0.5 (0.7) 0.6 (0.8)

PreSAT 0 2.2 (1.5) 5.5 (2.7) 15.2 (5.1) 23.1 (6.1)

PRESEP 3 2.2 (1.5) 5.6 (2.7) 12.9 (4.7) 16.7 (5.3)

PRESS 1 0.4 (0.7) 0.6 (0.8) 1.5 (1.2) 1.8 (1.3)

PSP 1 2.3 (1.5) 5.6 (2.7) 18.5 (5.1) 35.1 (7.2)

REMS 2 2.4 (1.5) 7.3 (3) 35.4 (7.8) 73.3 (12.3)

RST 0 2.4 (1.5) 6.4 (2.8) 22.6 (6.1) 40.2 (8)

SAS 0 0.2 (0.5) 0.3 (0.5) 0.6 (0.8) 0.8 (0.9)

SEPSIS 4 1.3 (1.2) 2 (1.5) 3.6 (2.1) 4.1 (2.2)

STSS 1 2 (1.4) 4.8 (2.4) 17 (5.1) 25.4 (6.4)

Suffoletto 0 2 (1.4) 5 (2.5) 10.6 (4) 14.3 (4.6)

UK 0 2.2 (1.5) 5.5 (2.7) 21.2 (5.8) 34.7 (7.8)

PITSTOP, Paramedic Initiated Treatment of Sepsis Targeting Out-of-hospital Patients clinical trial; PSP, Prehospital Sepsis 
Project; RST, Robson screening tool.
Green: <5% prioritised; Amber 5–10% prioritised; Red >10% prioritised.
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the index tests would generally result in more attendances being prioritised at University Hospitals 
Coventry and Warwickshire than at the Yorkshire hospitals. The combination of an early warning score 
with a diagnostic impression of sepsis in the West Midlands would result in a similar proportion of 
attendances being prioritised as the combination of an early warning score with a diagnostic impression 
of sepsis or infection in Yorkshire.

Most early warning scores operating at their pre-specified threshold would prioritise a substantial 
proportion of attendances if they were applied to attendances other than just those with a diagnostic 
impression of sepsis or infection. The exceptions are qSOFA (threshold > 1), the SEPSIS score, the CIS 

TABLE 7 Mean (SD) daily prioritised for Rotherham District General Hospital

Early 
warning 
score Threshold 

Impression

Sepsis 
Sepsis/
infection 

Sepsis/infection/ 
non-specific All 

Impression alone 1.9 (1.4) 4.4 (2.3) 23.8 (5.3) 51.3 (8.9)

Pre-alerted 1 (1.1) 1.2 (1.1) 2.8 (1.7) 4.5 (2.2)

NEWS2 4 1.8 (1.4) 3.1 (1.9) 9.2 (3.5) 12.5 (3.9)

NEWS2 6 1.5 (1.3) 2.2 (1.6) 5.7 (2.7) 6.9 (2.8)

qSOFA 0 1.8 (1.4) 3.4 (2) 13.7 (4) 22.5 (5.2)

qSOFA 1 0.9 (1) 1.3 (1.1) 3.2 (1.9) 4.3 (2)

90-30-90 0 1.2 (1.1) 2 (1.5) 6.6 (2.9) 8.6 (3.2)

Borelli 0 1.5 (1.2) 2.3 (1.6) 5.6 (2.5) 7.1 (2.7)

CIS 0 1.9 (1.4) 4.3 (2.2) 21.7 (5.1) 43.9 (8.1)

CIS 4 0.4 (0.6) 0.4 (0.6) 0.8 (1) 1 (1)

HEWS 4 1.5 (1.3) 2.3 (1.6) 6.5 (2.8) 8.8 (3.1)

MEWS 4 1.4 (1.2) 2 (1.5) 4.3 (2.2) 5.8 (2.3)

NHS 0 1.5 (1.3) 2.4 (1.7) 7.7 (3.1) 11.1 (3.7)

PHANTASi 0 1.5 (1.2) 2.4 (1.6) 5.1 (2.5) 6.9 (2.8)

PITSTOP 0 0.2 (0.4) 0.2 (0.4) 0.4 (0.6) 0.4 (0.6)

PreSAT 0 1.7 (1.3) 3.1 (1.9) 8.8 (3.3) 12.9 (3.9)

PRESEP 3 1.7 (1.3) 3 (1.8) 7.5 (3.1) 9.5 (3.5)

PRESS 1 0.3 (0.6) 0.4 (0.6) 0.8 (0.9) 1 (1)

PSP 1 1.7 (1.3) 3.1 (1.9) 11.1 (3.6) 19.7 (4.8)

REMS 2 1.9 (1.4) 4.1 (2.2) 20.7 (4.9) 41 (7.9)

RST 0 1.8 (1.4) 3.6 (2) 13.1 (3.8) 22.2 (5.2)

SAS 0 0.2 (0.4) 0.2 (0.4) 0.4 (0.6) 0.5 (0.6)

SEPSIS 4 0.9 (1) 1.2 (1.1) 2.1 (1.6) 2.3 (1.6)

STSS 1 1.5 (1.3) 2.8 (1.8) 10 (3.5) 14.6 (4.2)

Suffoletto 0 1.6 (1.3) 2.7 (1.7) 6.1 (2.7) 7.9 (3.1)

UK 0 1.7 (1.4) 3.2 (1.9) 12.3 (3.8) 19.5 (4.9)

PITSTOP, Paramedic Initiated Treatment of Sepsis Targeting Out-of-hospital Patients clinical trial; PSP, Prehospital Sepsis 
Project; RST, Robson screening tool.
Green: <5% prioritised; Amber 5–10% prioritised; Red >10% prioritised.
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TABLE 8 Mean (SD) daily number prioritised for University Hospitals Coventry and Warwickshire

Early warning 
score Threshold 

Impression

Sepsis Sepsis/infection 
Sepsis/infection/ 
non-specific All 

Impression alone 5 (2.4) 21.4 (6) 52.1 (9.5) 74 (11)

Pre-alerted 2.5 (1.7) 3.3 (1.9) 4.2 (2.2) 7.6 (2.8)

NEWS2 4 4.4 (2.3) 11.6 (4.2) 18.1 (5.1) 23.7 (5.8)

NEWS2 6 3.7 (2) 7.6 (3.1) 10.3 (3.7) 12.9 (4)

qSOFA 0 4.5 (2.3) 14.1 (4.7) 25.9 (6.2) 34.9 (7)

qSOFA 1 2.2 (1.5) 4 (2.1) 6 (2.5) 7.5 (2.8)

90-30-90 0 3.1 (1.9) 6.9 (3.1) 10.6 (3.8) 13.2 (4.1)

Borelli 0 3.4 (2) 7.1 (3.1) 9.3 (3.5) 11.3 (3.8)

CIS 0 4.9 (2.4) 19.7 (5.7) 44 (8.6) 63.1 (10.1)

CIS 4 0.8 (0.9) 1.1 (1.1) 1.4 (1.2) 1.8 (1.4)

HEWS 4 3.7 (2.1) 8 (3.3) 11.7 (4) 15.4 (4.4)

MEWS 4 3.4 (1.9) 6.7 (3) 9.2 (3.4) 11.7 (3.6)

NHS 0 3.8 (2) 8.9 (3.5) 14.6 (4.4) 19.2 (4.8)

PHANTASi 0 3.1 (1.8) 7.7 (3.2) 9.8 (3.6) 11.5 (3.9)

PITSTOP 0 0.5 (0.7) 0.8 (1) 0.9 (1) 0.9 (1)

PreSAT 0 4.3 (2.1) 11.8 (4.3) 17.9 (5.1) 22 (5.4)

PRESEP 3 3.8 (2.1) 10.2 (4) 13.2 (4.4) 14.8 (4.7)

PRESS 1 1 (1) 1.6 (1.4) 2.1 (1.6) 2.4 (1.6)

PSP 1 4.2 (2.2) 13 (4.4) 26.1 (5.8) 33.7 (6.5)

REMS 2 4.8 (2.4) 18.6 (5.5) 40.3 (8.2) 57.4 (9.4)

RST 0 4.6 (2.3) 15 (4.9) 27.5 (6.4) 37 (7.2)

SAS 0 0.5 (0.7) 0.7 (0.8) 1 (1) 1.1 (1)

SEPSIS 4 1.8 (1.4) 3.1 (1.9) 3.5 (2.1) 3.7 (2.1)

STSS 1 3.7 (2.1) 10.5 (3.8) 16.5 (4.8) 21.3 (5.4)

Suffoletto 0 3.5 (1.9) 9 (3.6) 12.5 (4.2) 13.9 (4.4)

UK 0 4.4 (2.3) 12.7 (4.3) 22.2 (5.5) 30.5 (6.3)

PITSTOP, Paramedic Initiated Treatment of Sepsis Targeting Out-of-hospital Patients clinical trial; PSP, Prehospital Sepsis 
Project; RST, Robson screening tool.
Green: <5% prioritised; Amber 5–10% prioritised; Red >10% prioritised.

(threshold > 4), the Paramedic Initiated Treatment of Sepsis Targeting Out-of-hospital Patients clinical 
trial (PITSTOP) rule, the PRESS score and the sepsis alert criteria. It should be noted that the PITSTOP 
rule and sepsis alert criteria, along with the Prehospital Sepsis Assessment Tool (PreSAT), Robson and 
Suffoletto criteria, all specify paramedic suspicion of sepsis or infection as a qualifying criterion, so 
should only be applied to diagnostic categories 1 and 2.

In summary, to avoid prioritising a substantial proportion of cases, most early warning scores would 
need to be applied only to attendances with a primary diagnostic impression of sepsis or infection, or 
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with sepsis as one of a number of diagnostic impressions, depending upon how the ambulance service 
records diagnostic impression.

Data linkage to Sheffield Teaching Hospitals National Health Service Trust
National Health Service numbers were available to link ambulance service to hospital data for 
14,050/24,955 (56.3%) patients transported to Sheffield Teaching Hospitals. Table 9 compares the 
characteristics of the patients with NHS numbers available to those without. The patients with NHS 
numbers were markedly older (median age 71 vs. 55 years). They were more likely to be female (54.7% 
vs. 53.0%) and white ethnicity (95.7% vs. 91.8%), although these characteristics may reflect their older 
age. They were more likely to have a diagnostic impression of sepsis (2.9% vs. 2.0%), infection (6.5% vs. 
4.3%) or non-specific presentation (35.3% vs. 32.0%). The difference in median age between the linked 
and unlinked populations was greatest for those in the ‘other’ diagnostic impression category and was 
not seen in those with a diagnostic impression of sepsis.

The Scientific Computing department of Sheffield Teaching Hospitals NHS Trust identified a hospital 
admission or ED attendance within 48 hours for 12,870 of the 14,050 first episodes with an NHS 
number transported to the Northern General Hospital (91.6%). The remaining episodes comprised 431 
(3.1%) with no data returned for the NHS number and 749 (5.3%) with no admission or attendance 
within 48 hours. Some 8260 (64.1%) had a hospital admission, of whom 275 (3.3%) had no primary 
diagnosis code and 347 (4.2%) had no secondary code. Some 10,964 (85.2%) had an ED attendance, of 
whom 14 (0.1%) had no ED code.

Overall, 684 episodes had a primary or secondary admission diagnosis of sepsis or an ED diagnosis 
of septicaemia or neutropenic sepsis, and were screened by the research nurses. Of these, 594 had a 
primary or secondary admission diagnosis of sepsis (315 primary, 322 secondary, 43 both) and 160 had 
an ED diagnosis of septicaemia or neutropenic sepsis (70 also has an admission primary or secondary 
diagnosis of sepsis, 90 did not).

The research nurses referred 655/684 (95.8%) for expert review. The experts judged that 368/655 
(56.2%) episodes met the sepsis-3 definition and 348/368 (94.6%) of these received treatment for 
sepsis. Therefore, out of the 12,870 episodes that were linked with hospital attendance or admission, 
684 (5.3%) had a diagnostic code for sepsis, 655 (5.1%) had evidence of sepsis diagnosis or treatment 
in their ED or admission records, 368 (2.9%) met the secondary (diagnosis) reference standard and 348 
(2.7%) met the primary (treatment) reference standard. Figure 1 summarises the flow of cases to create 
the diagnostic accuracy cohort.

Adjudication of the reference standard
Table 10 shows the agreement between the two doctors adjudicating the reference standard. Agreement 
was very good on the two key judgements of whether the case met the sepsis-3 criteria and whether 
treatment for sepsis was given. Agreement was not as good on whether there was evidence of infection, 
but the cases in which there was disagreement tended to be those in which the doctors agreed that the 
SOFA score criterion was not met, so they did not affect overall judgement on the sepsis-3 definition.

There was radiological evidence of infection in 175/348 (50.1%) cases with the primary reference 
standard, microbiological evidence of infection 171 (49.0%) and other evidence of infection in 328 
(94.0%). The site of suspected infection was the chest in 155 (44.4%) urine in 78 (22.3%), biliary in 43 
(12.3%), abdominal in 16 (4.6%), skin in 25 (7.2%), other in 6 (1.7%) and unknown in 26 (7.4%). They 
had a mean clinical frailty score of 5.6 (median 6.0, range 2.0–9.0; 3 missing) and a mean SOFA score of 
3.9 (median 3.0, range 2.0 to 14.0; 13 missing). They included 138 (39.5%) who had a Do Not Attempt 
Cardiopulmonary Resuscitation decision recorded, of whom 102 (29.2%) were pre-existing and 36 
(10.3%) were made on attendance. Some 28 (8.0%) were admitted to critical care and 261 (74.8%) 
survived to hospital discharge or 30 days after attendance, whichever was sooner.
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TABLE 9 Characteristics of patients with and without NHS numbers for linkage with hospital data

 Not linked (N = 10,905) Linked (N = 14,050) Total (N = 24,955) 

Age (years)

Mean (SD) 55.2 (23.3) 65.3 (21.2) 60.9 (22.7)

Median (IQR) 55.0 (34.0–76.0) 71.0 (51.0–82.0) 65.0 (42.0–80.0)

Range 16.0–102.0 16.0–105.0 16.0–105.0

Sex

Missing 0 22 22

Female (%) 5484 (50.3) 7672 (54.7) 13,156 (52.8)

Male (%) 5421 (49.7) 6356 (45.3) 11,777 (47.2)

Ethnicity

Missing 5290 6880 12,170

White (%) 5153 (91.8) 6860 (95.7) 12,013 (94.0)

Asian (%) 136 (2.4) 122 (1.7) 258 (2.0)

Black (%) 73 (1.3) 55 (0.8) 128 (1.0)

Mixed (%) 49 (0.9) 32 (0.4) 81 (0.6)

Other (%) 204 (3.6) 101 (1.4) 305 (2.4)

ACVPU

Missing 0 0 0

Alert (%) 9754 (89.4) 13,232 (94.2) 22,986 (92.1)

Confusion (%) 341 (3.1) 387 (2.8) 728 (2.9)

Pain (%) 192 (1.8) 107 (0.8) 299 (1.2)

Unresponsive (%) 232 (2.1) 67 (0.5) 299 (1.2)

Voice (%) 386 (3.5) 257 (1.8) 643 (2.6)

GCS

Mean (SD) 14.4 (2.0) 14.7 (1.2) 14.5 (1.6)

Median (IQR) 15.0 (15.0–15.0) 15.0 (15.0–15.0) 15.0 (15.0–15.0)

Range 3.0–15.0 3.0–15.0 3.0–15.0

Diastolic BP (mmHg)

Mean (SD) 83.1 (17.5) 82.1 (17.2) 82.6 (17.4)

Median (IQR) 83.0 (72.0–94.0) 82.0 (71.0–93.0) 82.0 (71.0–93.0)

Range 0.0–190.0 5.0–195.0 0.0–195.0

Systolic BP (mmHg)

Mean (SD) 139.0 (26.5) 142.1 (27.4) 140.8 (27.1)

Median (IQR) 138.0 (122.0–153.0) 140.0 (124.0–158.0) 139.0 (123.0–156.0)

Range 53.0–257.0 43.0–285.0 43.0–285.0

continued
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 Not linked (N = 10,905) Linked (N = 14,050) Total (N = 24,955) 

Heart rate (beats/minute)

Mean (SD) 89.5 (22.8) 88.7 (21.9) 89.1 (22.3)

Median (IQR) 87.0 (74.0–103.0) 86.0 (73.0–102.0) 86.0 (74.0–102.0)

Range 0.0–218.0 0.0–216.0 0.0–218.0

Oxygen saturation (%)

Mean (SD) 96.0 (4.9) 95.6 (4.9) 95.8 (4.9)

Median (IQR) 97.0 (95.0–98.0) 97.0 (95.0–98.0) 97.0 (95.0–98.0)

Range 18.0–100.0 10.0–100.0 10.0–100.0

Supplemental oxygen

Missing 18 27 45

No (%) 10,345 (95.0) 13,252 (94.5) 23,597 (94.7)

Yes (%) 542 (5.0) 771 (5.5) 1313 (5.3)

Respiration (breath/minute)

Mean (SD) 19.7 (6.0) 20.5 (6.1) 20.1 (6.0)

Median (IQR) 18.0 (16.0–20.0) 18.0 (16.0–22.0) 18.0 (16.0–22.0)

Range 0.0–93.0 0.0–91.0 0.0–93.0

Temp (°C)

Mean (SD) 36.8 (1.0) 37.0 (1.0) 36.9 (1.0)

Median (IQR) 36.8 (36.2–37.3) 36.9 (36.4–37.4) 36.8 (36.4–37.4)

Range 26.0–41.3 27.1–41.8 26.0–41.8

Glucose (mmol/l)

Mean (SD) 7.1 (3.2) 7.4 (3.4) 7.2 (3.3)

Median (IQR) 6.2 (5.4–7.6) 6.4 (5.5–8.0) 6.3 (5.5–7.8)

Range 0.5–36.6 0.9–49.0 0.5–49.0

Pre-alerted

No (%) 10,307 (94.5) 13,419 (95.5) 23,726 (95.1)

Yes (%) 598 (5.5) 631 (4.5) 1229 (4.9)

Impression

1 – sepsis (%) 222 (2.0) 407 (2.9) 629 (2.5)

2 – infection (%) 471 (4.3) 912 (6.5) 1383 (5.5)

3 – non-specific (%) 3494 (32.0) 4962 (35.3) 8456 (33.9)

4 – other (%) 6718 (61.6) 7769 (55.3) 14,487 (58.1)

Median (IQR) age by impression

1 – sepsis 76.5 (60.2–84.0) 75.0 (63.0–83.0) 75.0 (62.0–83.0)

2 – infection 71.0 (47.0–82.0) 76.0 (62.0–84.0) 74.0 (57.0–83.0)

3 – non-specific 63.0 (41.0–79.0) 74.0 (57.0–83.0) 71.0 (50.0–82.0)

4 – other 50.0 (31.0–72.8) 67.0 (45.0–81.0) 58.0 (37.0–78.0)

TABLE 9 Characteristics of patients with and without NHS numbers for linkage with hospital data (continued)
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Accuracy for the primary (treatment) reference standard
Table 11 shows the area under the ROC curve for each early warning scores for the primary reference 
standard, when used alongside diagnostic impression. The first column indicates the early warning score 
and the remaining columns report the area under the ROC curve when the score is only applied to 
patients with a diagnostic impression of sepsis, only to patients with a diagnostic impression of sepsis or 
infection, only to patients with a diagnostic impression of sepsis, infection or a non-specific diagnosis, or 
when applied to all patients.

The area under the ROC curve for diagnostic impression alone was 0.822 (95% CI 0.799 to 0.845). The 
area under the ROC curve decreases as each early warning score is used more selectively on the basis 
of paramedic diagnostic impression. This could be interpreted as suggesting that early warning scores 
should not be used selectively. However, Figure 2 shows the ROC curves for NEWS2 alongside the 
categorisations of diagnostic impression. The area under the ROC curve is clearly smaller when NEWS2 
is used selectively but the low prevalence of sepsis in the cohort and need to achieve high specificity 

24,955 patients with transfer
to NGH

10,875 missing NHS number

14,080 with associated NHS
number

30 NHS data opt-out

684 with diagnosis of sepsis

655 referred for expert review

29 not referred for review

14,050 NHS numbers linked
to patient IDs

1180 excluded
(749 no attendance recorded;

431 insufficient data available)

12,870 patients with first
NGH episode for review

348 primary reference
standard positive (2.7%)

368 secondary reference
standard positive (2.9%)

12,186 no primary or secondary
admission diagnosis of sepsis or
ED diagnosis of septicaemia or

neutropenic sepsis

FIGURE 1 Participant flow to create the Sheffield diagnostic accuracy cohort. NGH, Northern General Hospital.
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TABLE 11 Area under ROC curve for each early warning score for the primary reference standard

Early warning 
score Sepsis Sepsis or infection 

Sepsis, infection or  
non-specific impression 

All diagnostic 
impressions 

NEWS2 0.655 (0.63, 0.68) 0.756 (0.729, 0.783) 0.858 (0.836, 0.88) 0.877 (0.86, 0.895)

qSOFA 0.645 (0.62, 0.669) 0.734 (0.707, 0.761) 0.809 (0.785, 0.834) 0.801 (0.778, 0.824)

90-30-90 0.624 (0.601, 0.648) 0.686 (0.66, 0.712) 0.743 (0.717, 0.769) 0.742 (0.717, 0.768)

Borelli 0.639 (0.615, 0.663) 0.712 (0.686, 0.738) 0.781 (0.755, 0.806) 0.788 (0.764, 0.813)

CIS 0.654 (0.629, 0.679) 0.755 (0.728, 0.782) 0.845 (0.822, 0.867) 0.838 (0.817, 0.859)

HEWS 0.654 (0.629, 0.679) 0.751 (0.724, 0.778) 0.841 (0.818, 0.863) 0.837 (0.816, 0.858)

MEWS 0.654 (0.629, 0.679) 0.753 (0.726, 0.78) 0.851 (0.828, 0.873) 0.857 (0.837, 0.876)

NHS 0.624 (0.601, 0.648) 0.696 (0.67, 0.722) 0.751 (0.725, 0.776) 0.747 (0.723, 0.772)

PHANTASi 0.626 (0.602, 0.649) 0.708 (0.682, 0.735) 0.745 (0.719, 0.771) 0.741 (0.716, 0.767)

PITSTOP 0.534 (0.52, 0.547) 0.545 (0.53, 0.56) 0.549 (0.533, 0.564) 0.554 (0.537, 0.57)

PreSAT 0.648 (0.624, 0.673) 0.734 (0.708, 0.761) 0.789 (0.766, 0.813) 0.775 (0.754, 0.797)

PRESEP 0.653 (0.628, 0.678) 0.75 (0.723, 0.777) 0.847 (0.824, 0.87) 0.856 (0.834, 0.878)

PRESS 0.551 (0.534, 0.567) 0.557 (0.54, 0.574) 0.579 (0.559, 0.599) 0.587 (0.566, 0.608)

PSP 0.654 (0.629, 0.679) 0.754 (0.728, 0.781) 0.84 (0.818, 0.862) 0.832 (0.811, 0.852)

REMS 0.654 (0.629, 0.679) 0.752 (0.725, 0.779) 0.814 (0.792, 0.836) 0.757 (0.732, 0.781)

RST 0.648 (0.623, 0.672) 0.737 (0.711, 0.764) 0.782 (0.761, 0.803) 0.73 (0.712, 0.747)

SAS 0.537 (0.523, 0.551) 0.542 (0.528, 0.557) 0.558 (0.541, 0.576) 0.563 (0.545, 0.581)

SEPSIS 0.654 (0.629, 0.679) 0.755 (0.727, 0.782) 0.862 (0.84, 0.884) 0.882 (0.865, 0.899)

STSS 0.652 (0.627, 0.677) 0.749 (0.722, 0.776) 0.837 (0.814, 0.861) 0.831 (0.809, 0.854)

Suffoletto 0.64 (0.616, 0.664) 0.728 (0.701, 0.754) 0.799 (0.775, 0.823) 0.801 (0.778, 0.824)

UK 0.648 (0.623, 0.672) 0.733 (0.707, 0.76) 0.788 (0.766, 0.809) 0.756 (0.737, 0.775)

PSP, Prehospital Sepsis Project; RST, Robson screening tool.

means that the optimal threshold on the ROC curve is likely to lie where specificity exceeds 0.95. At 
this point, the ROC curves are very close together and the more selective strategies operating at lower 
NEWS2 thresholds offer slightly better accuracy.

Table 11 also shows that the area under the ROC curve for NEWS2 is generally equivalent to or greater 
than the other early warning scores. The exceptions are the SEPSIS score when applied to those with non-
specific presentations (including sepsis and infection) or all presentations. However, the SEPSIS score does 
not provide better accuracy than NEWS2 at thresholds providing a positive predictive value exceeding 0.2.

TABLE 10 Agreement between expert doctors during reference standard adjudication

Assessment Doctor 1 (%) Doctor 2 (%) Consensus (%) Kappa (95% CI) 

Evidence of infection 86.0 87.6 84.7 0.62 (0.53 to 0.71)

SOFA score 2 + worse than normal 60.2 61.1 60.0 0.87 (0.83 to 0.91)

Patient meets sepsis-3 criteria 56.0 55.0 56.2 0.89 (0.85 to 0.92)

Treatment for sepsis given 52.5 51.5 53.3 0.87 (0.83 to 0.91)
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Figures 3–6 show the ROC curves for each score, or a plot of sensitivity and 1−specificity for 
dichotomised scores, when applied only to attendances with a diagnostic impression of sepsis (see 
Figure 3), only to attendances with a diagnostic impression of sepsis or infection (Figure 4), only to 
attendances with a diagnostic impression of sepsis, infection or a non-specific impression (Figure 5), and 
applied to all attendances (Figure 6). Each figure has two plots to avoid presenting too many overlapping 
curves on the same figure. The curves in Figures 3–5 have a straight line from the point on the curve 
at which the sensitivity of the combination of the score and paramedic diagnostic impression reaches 
the sensitivity of the paramedic diagnostic impression alone. This is because these strategies all involve 
applying the scores selectively on the basis of paramedic diagnostic impression. The sensitivity of the 
combination of the score and diagnostic impression cannot therefore exceed the sensitivity of the 
diagnostic impression alone.

The figures show that NEWS2 has superior or similar accuracy to the other scores, with the possible 
exception of the SEPSIS score when applied to non-specific presentations or all cases at a threshold that 
gives sensitivity and specificity both around 0.8–0.9.

Table 12 shows the accuracy of the categorised paramedic diagnostic impression for the primary 
reference standard. Paramedic diagnostic impression of sepsis identified around 33% of treated 
sepsis cases, diagnostic impression of infection (including sepsis) identified around 57%, non-specific 
presentation (including sepsis and infection) identified around 90%, leaving around 10% with diagnostic 
impressions that would not suggest sepsis. Along with the limited positive predictive value (28.5% 
of those with a paramedic diagnostic impression of sepsis had the primary reference standard), this 
illustrates the diagnostic challenge of identifying sepsis in the prehospital setting.

Tables 13–16 show the diagnostic accuracy parameters for each threshold of the NEWS2 score when 
applied only to attendances with a diagnostic impression of sepsis (see Table 13), only to attendances 
with a diagnostic impression of sepsis or infection (see Table 14), only to attendances with a diagnostic 
impression of sepsis, infection or a non-specific impression (see Table 15), and applied to all attendances 
(see Table 16). The low prevalence of the reference standard (347/12,859, 2.7%) means that the PPV is 
relatively low even when specificity is high, and the NPV is relatively high even when sensitivity is low. 
Tables 17–20 report the same parameters for all thresholds of qSOFA and the pre-specified thresholds 
of the other early warning scores. The first row, marked ‘pre-alert’, shows the sensitivity and specificity 
of pre-alert practice in 2019, as recorded on the PRF.
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The low prevalence of the primary reference standard (2.7%) means that high specificity is required 
to achieve acceptable positive predictive value. The judgements made in the previous section around 
the feasibility of strategies that prioritised a large number of presentations, and the opinion of clinical 
experts in the research team, suggest that strategies with a positive predictive value below 0.2 are 
unlikely to be considered feasible (i.e. strategies resulting in fewer than 1 in 5 prioritised presentations 
actually having sepsis requiring urgent treatment). We would obviously like to prioritise as many cases 
of sepsis as possible (maximise sensitivity). The results are probably best interpreted by comparing 
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FIGURE 3 ROC curves for early warning scores applied to diagnostic impression of sepsis.
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the trade-off between sensitivity and positive predictive value, rather than sensitivity and specificity, 
because positive predictive value is more meaningful to clinicians and patients, and high specificity could 
be misinterpreted as being acceptable even though it is associated with poor positive predictive value.

Tables 13–16 show how sensitivity decreases and positive predictive value increases as the NEWS2 
thresholds increases, and how selective application of NEWS2 on the basis of paramedic diagnostic 
impression improves positive predictive value at the expense of sensitivity. Determination of an optimal 
threshold depends upon a number of factors that may vary over time and between settings, but the 
results suggest that the best sensitivity that can be achieved with positive predictive value exceeding 
0.2 is the sensitivity of 0.522 achieved by using NEWS2 with a threshold of > 4 in presentations with 
a diagnostic impression of sepsis or infection. The Academy of Medical Royal Colleges clinical decision 
support framework recommends that this threshold is used to identify presentations needing treatment 
within 3 hours of arrival. A threshold of > 6 is recommended to identify presentations needing treatment 
within 1 hour of arrival, which our data suggest has sensitivity of 0.447 and positive predictive value of 
0.274.

Tables 17–20 show substantial variation in sensitivity and positive predictive value between the early 
warning scores at their recommended thresholds. However, none of the early warning scores appear to 
be clearly more accurate than NEWS2 if an appropriate threshold for NEWS2 is used. The widespread 
use of NEWS2 in the NHS suggests that this should be the default option unless an alternative score 
offers superior accuracy. One possible exception to this judgement is the use of qSOFA at a threshold > 1 
in presentations with an impression of sepsis or infection. The sepsis-3 consensus group recommended 
using qSOFA > 1 in presentations with evidence of infection to allow early identification of possible 
sepsis and could offer an internationally recognised alternative to NEWS2. Our results suggest that this 
strategy would have sensitivity of 0.305 and positive predictive value of 0.356, which is similar to the 
sensitivity (0.314) and positive predictive value (0.333) of using NEWS2 > 8 in presentations with an 
impression of sepsis or infection. These tables also show that the sensitivity and positive predictive value 
of pre-alert practice in 2019, as recorded on the PRF, was relatively poor, with sensitivity and positive 
predictive value ranging from 0.129 (95% CI 0.098 to 0.169) and 0.29 (95% CI 0.225 to 0.366) when 
applied only to those with an impression of sepsis, to 0.23 (95% CI 0.189 to 0.277) and 0.131 (95% CI 
0.106 to 0.16) when applied to all eligible cases. It was not mandatory to record pre-alerts in Yorkshire 
Ambulance Service in 2019, so these results may be affected by under-reporting.

Accuracy for the secondary (diagnostic) reference standard
We repeated the accuracy analysis using the secondary (diagnostic) reference standard instead of the 
primary (treatment) reference standard, but there was no meaningful difference in the results. This is 
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TABLE 13 Accuracy of NEWS2 applied only to presentations with a diagnostic impression of sepsis

Threshold N TP FP FN TN Sensitivity Specificity PPV NPV 

0 12,859 114 282 233 12,230 0.329 (0.281, 0.38) 0.977 (0.975, 0.98) 0.288 (0.245, 0.334) 0.981 (0.979, 0.984)

1 12,859 114 278 233 12,234 0.329 (0.281, 0.38) 0.978 (0.975, 0.98) 0.291 (0.248, 0.338) 0.981 (0.979, 0.984)

2 12,859 114 273 233 12,239 0.329 (0.281, 0.38) 0.978 (0.975, 0.981) 0.295 (0.251, 0.342) 0.981 (0.979, 0.984)

3 12,859 113 262 234 12,250 0.326 (0.278, 0.377) 0.979 (0.976, 0.981) 0.301 (0.257, 0.35) 0.981 (0.979, 0.983)

4 12,859 111 245 236 12,267 0.32 (0.273, 0.371) 0.98 (0.978, 0.983) 0.312 (0.266, 0.362) 0.981 (0.979, 0.983)

5 12,859 108 228 239 12,284 0.311 (0.265, 0.362) 0.982 (0.979, 0.984) 0.321 (0.274, 0.373) 0.981 (0.978, 0.983)

6 12,859 105 190 242 12,322 0.303 (0.257, 0.353) 0.985 (0.983, 0.987) 0.356 (0.303, 0.412) 0.981 (0.978, 0.983)

7 12,859 95 157 252 12,355 0.274 (0.23, 0.323) 0.987 (0.985, 0.989) 0.377 (0.319, 0.438) 0.98 (0.977, 0.982)

8 12,859 86 129 261 12,383 0.248 (0.205, 0.296) 0.99 (0.988, 0.991) 0.4 (0.337, 0.467) 0.979 (0.977, 0.982)

9 12,859 73 94 274 12,418 0.21 (0.171, 0.256) 0.992 (0.991, 0.994) 0.437 (0.364, 0.513) 0.978 (0.976, 0.981)

10 12,859 59 65 288 12,447 0.17 (0.134, 0.213) 0.995 (0.993, 0.996) 0.476 (0.39, 0.563) 0.977 (0.975, 0.98)

11 12,859 40 36 307 12,476 0.115 (0.086, 0.153) 0.997 (0.996, 0.998) 0.526 (0.416, 0.635) 0.976 (0.973, 0.978)

12 12,859 25 21 322 12,491 0.072 (0.049, 0.104) 0.998 (0.997, 0.999) 0.543 (0.402, 0.678) 0.975 (0.972, 0.977)

13 12,859 8 12 339 12,500 0.023 (0.012, 0.045) 0.999 (0.998, 0.999) 0.4 (0.219, 0.613) 0.974 (0.971, 0.976)

14 12,859 4 7 343 12,505 0.012 (0.004, 0.029) 0.999 (0.999, 1) 0.364 (0.152, 0.646) 0.973 (0.97, 0.976)

15 12,859 0 3 347 12,509 0 (0, 0.011) 1 (0.999, 1) 0 (0, 0.561) 0.973 (0.97, 0.976)

16 12,859 0 0 347 12,512 0 (0, 0.011) 1 (1, 1) - 0.973 (0.97, 0.976)

FN, false negatives; FP, false positives; NPV, negative predictive value; PPV, positive predictive value; TN, true negatives; TP, true positives.

TABLE 12 Accuracy of categorised diagnostic impression for the primary reference standard

Threshold N TP FP FN TN Sensitivity Specificity PPV NPV 

Sepsis 12,870 114 286 234 12,236 0.328 (0.28, 0.379) 0.977 (0.974, 0.98) 0.285 (0.243, 0.331) 0.981 (0.979, 0.983)

Sepsis or infection 12,870 199 1080 149 11,442 0.572 (0.519, 0.623) 0.914 (0.909, 0.919) 0.156 (0.137, 0.176) 0.987 (0.985, 0.989)

Sepsis, infection or non-specific impression 12,870 312 5576 36 6946 0.897 (0.86, 0.924) 0.555 (0.546, 0.563) 0.053 (0.048, 0.059) 0.995 (0.993, 0.996)

FN, false negatives; FP, false positives; NPV, negative predictive value; PPV, positive predictive value; TN, true negatives; TP, true positives.
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TABLE 14 Accuracy of NEWS2 applied only to presentations with a diagnostic impression of sepsis or infection

Threshold N TP FP FN TN Sensitivity Specificity PPV NPV 

0 12,859 198 1032 149 11,480 0.571 (0.518, 0.622) 0.918 (0.913, 0.922) 0.161 (0.141, 0.183) 0.987 (0.985, 0.989)

1 12,859 197 967 150 11,545 0.568 (0.515, 0.619) 0.923 (0.918, 0.927) 0.169 (0.149, 0.192) 0.987 (0.985, 0.989)

2 12,859 197 889 150 11,623 0.568 (0.515, 0.619) 0.929 (0.924, 0.933) 0.181 (0.16, 0.205) 0.987 (0.985, 0.989)

3 12,859 191 776 156 11,736 0.55 (0.498, 0.602) 0.938 (0.934, 0.942) 0.198 (0.174, 0.224) 0.987 (0.985, 0.989)

4 12,859 181 658 166 11,854 0.522 (0.469, 0.574) 0.947 (0.943, 0.951) 0.216 (0.189, 0.245) 0.986 (0.984, 0.988)

5 12,859 171 540 176 11,972 0.493 (0.441, 0.545) 0.957 (0.953, 0.96) 0.241 (0.211, 0.273) 0.986 (0.983, 0.987)

6 12,859 155 410 192 12,102 0.447 (0.395, 0.499) 0.967 (0.964, 0.97) 0.274 (0.239, 0.313) 0.984 (0.982, 0.986)

7 12,859 133 314 214 12,198 0.383 (0.334, 0.435) 0.975 (0.972, 0.978) 0.298 (0.257, 0.342) 0.983 (0.98, 0.985)

8 12,859 109 218 238 12,294 0.314 (0.268, 0.365) 0.983 (0.98, 0.985) 0.333 (0.284, 0.386) 0.981 (0.978, 0.983)

9 12,859 91 146 256 12,366 0.262 (0.219, 0.311) 0.988 (0.986, 0.99) 0.384 (0.324, 0.447) 0.98 (0.977, 0.982)

10 12,859 68 91 279 12,421 0.196 (0.158, 0.241) 0.993 (0.991, 0.994) 0.428 (0.353, 0.505) 0.978 (0.975, 0.98)

11 12,859 47 48 300 12,464 0.135 (0.103, 0.175) 0.996 (0.995, 0.997) 0.495 (0.396, 0.594) 0.976 (0.974, 0.979)

12 12,859 29 28 318 12,484 0.084 (0.059, 0.117) 0.998 (0.997, 0.998) 0.509 (0.383, 0.634) 0.975 (0.972, 0.978)

13 12,859 11 17 336 12,495 0.032 (0.018, 0.056) 0.999 (0.998, 0.999) 0.393 (0.236, 0.576) 0.974 (0.971, 0.976)

14 12,859 5 8 342 12,504 0.014 (0.006, 0.033) 0.999 (0.999, 1) 0.385 (0.177, 0.645) 0.973 (0.97, 0.976)

15 12,859 0 3 347 12,509 0 (0, 0.011) 1 (0.999, 1) 0 (0, 0.561) 0.973 (0.97, 0.976)

16 12,859 0 0 347 12,512 0 (0, 0.011) 1 (1, 1) - 0.973 (0.97, 0.976)

FN, false negatives; FP, false positives; NPV, negative predictive value; PPV, positive predictive value; TN, true negatives; TP, true positives.
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TABLE 15 Accuracy of NEWS2 applied only to presentations with a diagnostic impression of sepsis, infection or non-specific presentation

Threshold N TP FP FN TN Sensitivity Specificity PPV NPV 

0 12,859 307 4638 40 7874 0.885 (0.847, 0.914) 0.629 (0.621, 0.638) 0.062 (0.056, 0.069) 0.995 (0.993, 0.996)

1 12,859 302 3833 45 8679 0.87 (0.831, 0.902) 0.694 (0.686, 0.702) 0.073 (0.065, 0.081) 0.995 (0.993, 0.996)

2 12,859 297 3248 50 9264 0.856 (0.815, 0.889) 0.74 (0.733, 0.748) 0.084 (0.075, 0.093) 0.995 (0.993, 0.996)

3 12,859 287 2598 60 9914 0.827 (0.784, 0.863) 0.792 (0.785, 0.799) 0.099 (0.089, 0.111) 0.994 (0.992, 0.995)

4 12,859 270 2048 77 10,464 0.778 (0.731, 0.819) 0.836 (0.83, 0.843) 0.116 (0.104, 0.13) 0.993 (0.991, 0.994)

5 12,859 252 1612 95 10,900 0.726 (0.677, 0.77) 0.871 (0.865, 0.877) 0.135 (0.12, 0.151) 0.991 (0.989, 0.993)

6 12,859 220 1152 127 11,360 0.634 (0.582, 0.683) 0.908 (0.903, 0.913) 0.16 (0.142, 0.181) 0.989 (0.987, 0.991)

7 12,859 181 823 166 11,689 0.522 (0.469, 0.574) 0.934 (0.93, 0.938) 0.18 (0.158, 0.205) 0.986 (0.984, 0.988)

8 12,859 147 513 200 11,999 0.424 (0.373, 0.476) 0.959 (0.955, 0.962) 0.223 (0.193, 0.256) 0.984 (0.981, 0.986)

9 12,859 111 311 236 12,201 0.32 (0.273, 0.371) 0.975 (0.972, 0.978) 0.263 (0.223, 0.307) 0.981 (0.978, 0.983)

10 12,859 82 181 265 12,331 0.236 (0.195, 0.284) 0.986 (0.983, 0.987) 0.312 (0.259, 0.37) 0.979 (0.976, 0.981)

11 12,859 55 90 292 12,422 0.159 (0.124, 0.201) 0.993 (0.991, 0.994) 0.379 (0.304, 0.46) 0.977 (0.974, 0.979)

12 12,859 34 47 313 12,465 0.098 (0.071, 0.134) 0.996 (0.995, 0.997) 0.42 (0.318, 0.528) 0.976 (0.973, 0.978)

13 12,859 12 28 335 12,484 0.035 (0.02, 0.059) 0.998 (0.997, 0.998) 0.3 (0.181, 0.454) 0.974 (0.971, 0.976)

14 12,859 6 12 341 12,500 0.017 (0.008, 0.037) 0.999 (0.998, 0.999) 0.333 (0.163, 0.563) 0.973 (0.971, 0.976)

15 12,859 0 3 347 12,509 0 (0, 0.011) 1 (0.999, 1) 0 (0, 0.561) 0.973 (0.97, 0.976)

16 12,859 0 0 347 12,512 0 (0, 0.011) 1 (1, 1) – 0.973 (0.97, 0.976)

FN, false negatives; FP, false positives; NPV, negative predictive value; PPV, positive predictive value; TN, true negatives; TP, true positives.
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TABLE 16 Accuracy of NEWS2 applied to all presentations

Threshold N TP FP FN TN Sensitivity Specificity PPV NPV 

0 12,859 342 9189 5 3323 0.986 (0.967, 0.994) 0.266 (0.258, 0.273) 0.036 (0.032, 0.04) 0.998 (0.996, 0.999)

1 12,859 332 6749 15 5763 0.957 (0.93, 0.974) 0.461 (0.452, 0.469) 0.047 (0.042, 0.052) 0.997 (0.996, 0.998)

2 12,859 326 5210 21 7302 0.939 (0.909, 0.96) 0.584 (0.575, 0.592) 0.059 (0.053, 0.065) 0.997 (0.996, 0.998)

3 12,859 312 3801 35 8711 0.899 (0.863, 0.927) 0.696 (0.688, 0.704) 0.076 (0.068, 0.084) 0.996 (0.994, 0.997)

4 12,859 290 2792 57 9720 0.836 (0.793, 0.871) 0.777 (0.769, 0.784) 0.094 (0.084, 0.105) 0.994 (0.992, 0.995)

5 12,859 271 2088 76 10,424 0.781 (0.735, 0.821) 0.833 (0.826, 0.84) 0.115 (0.103, 0.128) 0.993 (0.991, 0.994)

6 12,859 235 1460 112 11,052 0.677 (0.626, 0.724) 0.883 (0.878, 0.889) 0.139 (0.123, 0.156) 0.99 (0.988, 0.992)

7 12,859 196 1018 151 11,494 0.565 (0.512, 0.616) 0.919 (0.914, 0.923) 0.161 (0.142, 0.183) 0.987 (0.985, 0.989)

8 12,859 155 616 192 11,896 0.447 (0.395, 0.499) 0.951 (0.947, 0.954) 0.201 (0.174, 0.231) 0.984 (0.982, 0.986)

9 12,859 117 364 230 12,148 0.337 (0.289, 0.388) 0.971 (0.968, 0.974) 0.243 (0.207, 0.284) 0.981 (0.979, 0.984)

10 12,859 86 214 261 12,298 0.248 (0.205, 0.296) 0.983 (0.98, 0.985) 0.287 (0.238, 0.34) 0.979 (0.977, 0.982)

11 12,859 57 110 290 12,402 0.164 (0.129, 0.207) 0.991 (0.989, 0.993) 0.341 (0.274, 0.416) 0.977 (0.974, 0.98)

12 12,859 36 57 311 12,455 0.104 (0.076, 0.14) 0.995 (0.994, 0.996) 0.387 (0.294, 0.489) 0.976 (0.973, 0.978)

13 12,859 13 35 334 12,477 0.037 (0.022, 0.063) 0.997 (0.996, 0.998) 0.271 (0.166, 0.41) 0.974 (0.971, 0.977)

14 12,859 6 15 341 12,497 0.017 (0.008, 0.037) 0.999 (0.998, 0.999) 0.286 (0.138, 0.5) 0.973 (0.971, 0.976)

15 12,859 0 4 347 12,508 0 (0, 0.011) 1 (0.999, 1) 0 (0, 0.49) 0.973 (0.97, 0.976)

16 12,859 0 1 347 12,511 0 (0, 0.011) 1 (1, 1) 0 (0, 0.793) 0.973 (0.97, 0.976)

FN, false negatives; FP, false positives; NPV, negative predictive value; PPV, positive predictive value; TN, true negatives; TP, true positives.
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TABLE 17 Accuracy of qSOFA and other tools applied only to presentations with a diagnostic impression of sepsis

EWS Threshold N TP FP FN TN Sensitivity Specificity PPV NPV 

Pre-alert 0 12,870 45 110 303 12,412 0.129 (0.098, 0.169) 0.991 (0.989, 0.993) 0.29 (0.225, 0.366) 0.976 (0.973, 0.979)

qSOFA 0 12,869 107 249 241 12,272 0.307 (0.261, 0.358) 0.98 (0.978, 0.982) 0.301 (0.255, 0.35) 0.981 (0.978, 0.983)

qSOFA 1 12,869 72 103 276 12,418 0.207 (0.168, 0.253) 0.992 (0.99, 0.993) 0.411 (0.341, 0.485) 0.978 (0.976, 0.981)

qSOFA 2 12,869 19 21 329 12,500 0.055 (0.035, 0.084) 0.998 (0.997, 0.999) 0.475 (0.329, 0.625) 0.974 (0.971, 0.977)

90-30-90 0 12,857 91 169 256 12,341 0.262 (0.219, 0.311) 0.986 (0.984, 0.988) 0.35 (0.295, 0.41) 0.98 (0.977, 0.982)

Borelli 0 12,835 102 203 245 12,285 0.294 (0.248, 0.344) 0.984 (0.981, 0.986) 0.334 (0.284, 0.389) 0.98 (0.978, 0.983)

CIS 0 12,855 114 283 233 12,225 0.329 (0.281, 0.38) 0.977 (0.975, 0.98) 0.287 (0.245, 0.334) 0.981 (0.979, 0.984)

CIS 4 12,855 32 42 315 12,466 0.092 (0.066, 0.127) 0.997 (0.995, 0.998) 0.432 (0.326, 0.546) 0.975 (0.973, 0.978)

HEWS 4 12,835 101 209 246 12,279 0.291 (0.246, 0.341) 0.983 (0.981, 0.985) 0.326 (0.276, 0.38) 0.98 (0.978, 0.983)

MEWS 4 12,859 88 189 259 12,323 0.254 (0.211, 0.302) 0.985 (0.983, 0.987) 0.318 (0.266, 0.375) 0.979 (0.977, 0.982)

NHS 0 12,855 92 204 255 12,304 0.265 (0.221, 0.314) 0.984 (0.981, 0.986) 0.311 (0.261, 0.366) 0.98 (0.977, 0.982)

PHANTASi 0 12,858 93 210 254 12,301 0.268 (0.224, 0.317) 0.983 (0.981, 0.985) 0.307 (0.258, 0.361) 0.98 (0.977, 0.982)

PITSTOP 0 12,813 24 20 322 12,447 0.069 (0.047, 0.101) 0.998 (0.998, 0.999) 0.545 (0.401, 0.683) 0.975 (0.972, 0.977)

PreSAT 0 12,835 110 250 237 12,238 0.317 (0.27, 0.368) 0.98 (0.977, 0.982) 0.306 (0.26, 0.355) 0.981 (0.978, 0.983)

PRESEP 3 12,835 111 242 236 12,246 0.32 (0.273, 0.371) 0.981 (0.978, 0.983) 0.314 (0.268, 0.365) 0.981 (0.979, 0.983)

PRESS 1 12,835 35 33 312 12,455 0.101 (0.073, 0.137) 0.997 (0.996, 0.998) 0.515 (0.398, 0.629) 0.976 (0.973, 0.978)

PSP 1 12,835 111 258 236 12,230 0.32 (0.273, 0.371) 0.979 (0.977, 0.982) 0.301 (0.256, 0.349) 0.981 (0.979, 0.983)

REMS 2 12,855 114 269 233 12,239 0.329 (0.281, 0.38) 0.978 (0.976, 0.981) 0.298 (0.254, 0.345) 0.981 (0.979, 0.984)

RST 0 12,857 110 264 237 12,246 0.317 (0.27, 0.368) 0.979 (0.976, 0.981) 0.294 (0.25, 0.342) 0.981 (0.978, 0.983)

SAS 0 12,836 26 14 321 12,475 0.075 (0.052, 0.108) 0.999 (0.998, 0.999) 0.65 (0.495, 0.779) 0.975 (0.972, 0.977)

SEPSIS 4 12,856 78 123 269 12,386 0.225 (0.184, 0.272) 0.99 (0.988, 0.992) 0.388 (0.323, 0.457) 0.979 (0.976, 0.981)

STSS 1 12,855 104 211 243 12,297 0.3 (0.254, 0.35) 0.983 (0.981, 0.985) 0.33 (0.281, 0.384) 0.981 (0.978, 0.983)

Suffoletto 0 12,813 103 219 243 12,248 0.298 (0.252, 0.348) 0.982 (0.98, 0.985) 0.32 (0.271, 0.373) 0.981 (0.978, 0.983)

UK 0 12,855 109 237 238 12,271 0.314 (0.268, 0.365) 0.981 (0.979, 0.983) 0.315 (0.268, 0.366) 0.981 (0.978, 0.983)

FN, false negatives; FP, false positives; NPV, negative predictive value; PPV, positive predictive value; PSP, Prehospital Sepsis Project; RST, Robson screening tool; TN, true negatives; TP, 
true positives.
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TABLE 18 Accuracy of qSOFA and other tools applied only to presentations with a diagnostic impression of sepsis or infection

EWS Threshold N TP FP FN TN Sensitivity Specificity PPV NPV 

Pre-alert 0 12,870 52 133 296 12,389 0.149 (0.116, 0.191) 0.989 (0.987, 0.991) 0.281 (0.221, 0.35) 0.977 (0.974, 0.979)

qSOFA 0 12,869 180 758 168 11,763 0.517 (0.465, 0.569) 0.939 (0.935, 0.944) 0.192 (0.168, 0.218) 0.986 (0.984, 0.988)

qSOFA 1 12,869 106 192 242 12,329 0.305 (0.259, 0.355) 0.985 (0.982, 0.987) 0.356 (0.304, 0.412) 0.981 (0.978, 0.983)

qSOFA 2 12,869 23 22 325 12,499 0.066 (0.044, 0.097) 0.998 (0.997, 0.999) 0.511 (0.37, 0.65) 0.975 (0.972, 0.977)

90-30-90 0 12,857 140 387 207 12,123 0.403 (0.353, 0.456) 0.969 (0.966, 0.972) 0.266 (0.23, 0.305) 0.983 (0.981, 0.985)

Borelli 0 12,835 160 463 187 12,025 0.461 (0.409, 0.514) 0.963 (0.959, 0.966) 0.257 (0.224, 0.293) 0.985 (0.982, 0.987)

CIS 0 12,855 198 1039 149 11,469 0.571 (0.518, 0.622) 0.917 (0.912, 0.922) 0.16 (0.141, 0.182) 0.987 (0.985, 0.989)

CIS 4 12,855 38 54 309 12,454 0.11 (0.081, 0.147) 0.996 (0.994, 0.997) 0.413 (0.318, 0.515) 0.976 (0.973, 0.978)

HEWS 4 12,835 154 477 193 12,011 0.444 (0.392, 0.496) 0.962 (0.958, 0.965) 0.244 (0.212, 0.279) 0.984 (0.982, 0.986)

MEWS 4 12,859 135 412 212 12,100 0.389 (0.339, 0.441) 0.967 (0.964, 0.97) 0.247 (0.213, 0.285) 0.983 (0.98, 0.985)

NHS 0 12,855 149 471 198 12,037 0.429 (0.378, 0.482) 0.962 (0.959, 0.966) 0.24 (0.208, 0.275) 0.984 (0.981, 0.986)

PHANTASi 0 12,858 161 588 186 11,923 0.464 (0.412, 0.517) 0.953 (0.949, 0.957) 0.215 (0.187, 0.246) 0.985 (0.982, 0.987)

PITSTOP 0 12,813 32 28 314 12,439 0.092 (0.066, 0.128) 0.998 (0.997, 0.998) 0.533 (0.409, 0.654) 0.975 (0.973, 0.978)

PreSAT 0 12,835 183 732 164 11,756 0.527 (0.475, 0.579) 0.941 (0.937, 0.945) 0.2 (0.175, 0.227) 0.986 (0.984, 0.988)

PRESEP 3 12,835 183 738 164 11,750 0.527 (0.475, 0.579) 0.941 (0.937, 0.945) 0.199 (0.174, 0.226) 0.986 (0.984, 0.988)

PRESS 1 12,835 40 61 307 12,427 0.115 (0.086, 0.153) 0.995 (0.994, 0.996) 0.396 (0.306, 0.494) 0.976 (0.973, 0.978)

PSP 1 12,835 188 723 159 11,765 0.542 (0.489, 0.593) 0.942 (0.938, 0.946) 0.206 (0.181, 0.234) 0.987 (0.984, 0.989)

REMS 2 12,855 197 987 150 11,521 0.568 (0.515, 0.619) 0.921 (0.916, 0.926) 0.166 (0.146, 0.189) 0.987 (0.985, 0.989)

RST 0 12,857 188 836 159 11,674 0.542 (0.489, 0.593) 0.933 (0.929, 0.937) 0.184 (0.161, 0.208) 0.987 (0.984, 0.988)

SAS 0 12,836 30 22 317 12,467 0.086 (0.061, 0.121) 0.998 (0.997, 0.999) 0.577 (0.442, 0.701) 0.975 (0.972, 0.978)

SEPSIS 4 12,856 107 216 240 12,293 0.308 (0.262, 0.359) 0.983 (0.98, 0.985) 0.331 (0.282, 0.384) 0.981 (0.978, 0.983)

STSS 1 12,855 174 607 173 11,901 0.501 (0.449, 0.554) 0.951 (0.948, 0.955) 0.223 (0.195, 0.253) 0.986 (0.983, 0.988)

Suffoletto 0 12,813 176 669 170 11,798 0.509 (0.456, 0.561) 0.946 (0.942, 0.95) 0.208 (0.182, 0.237) 0.986 (0.984, 0.988)

UK 0 12,855 181 686 166 11,822 0.522 (0.469, 0.574) 0.945 (0.941, 0.949) 0.209 (0.183, 0.237) 0.986 (0.984, 0.988)

FN, false negatives; FP, false positives; NPV, negative predictive value; PPV, positive predictive value; PSP, Prehospital Sepsis Project; RST, Robson screening tool; TN, true negatives; TP, 
true positives.
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TABLE 19 Accuracy of qSOFA and other tools applied only to presentations with a diagnostic impression of sepsis, infection or non-specific presentation

EWS Threshold N TP FP FN TN Sensitivity Specificity PPV NPV 

Pre-alert 0 12,870 71 313 277 12,209 0.204 (0.165, 0.249) 0.975 (0.972, 0.978) 0.185 (0.149, 0.227) 0.978 (0.975, 0.98)

qSOFA 0 12,869 274 2984 74 9537 0.787 (0.741, 0.827) 0.762 (0.754, 0.769) 0.084 (0.075, 0.094) 0.992 (0.99, 0.994)

qSOFA 1 12,869 149 551 199 11,970 0.428 (0.377, 0.481) 0.956 (0.952, 0.959) 0.213 (0.184, 0.245) 0.984 (0.981, 0.986)

qSOFA 2 12,869 32 45 316 12,476 0.092 (0.066, 0.127) 0.996 (0.995, 0.997) 0.416 (0.312, 0.527) 0.975 (0.972, 0.978)

90-30-90 0 12,857 209 1463 138 11,047 0.602 (0.55, 0.652) 0.883 (0.877, 0.889) 0.125 (0.11, 0.142) 0.988 (0.985, 0.99)

Borelli 0 12,835 227 1160 120 11,328 0.654 (0.603, 0.702) 0.907 (0.902, 0.912) 0.164 (0.145, 0.184) 0.99 (0.987, 0.991)

CIS 0 12,855 310 5150 37 7358 0.893 (0.856, 0.922) 0.588 (0.58, 0.597) 0.057 (0.051, 0.063) 0.995 (0.993, 0.996)

CIS 4 12,855 51 136 296 12,372 0.147 (0.114, 0.188) 0.989 (0.987, 0.991) 0.273 (0.214, 0.341) 0.977 (0.974, 0.979)

HEWS 4 12,835 219 1381 128 11,107 0.631 (0.579, 0.68) 0.889 (0.884, 0.895) 0.137 (0.121, 0.155) 0.989 (0.986, 0.99)

MEWS 4 12,859 177 909 170 11,603 0.51 (0.458, 0.562) 0.927 (0.923, 0.932) 0.163 (0.142, 0.186) 0.986 (0.983, 0.988)

NHS 0 12,855 221 1696 126 10,812 0.637 (0.585, 0.686) 0.864 (0.858, 0.87) 0.115 (0.102, 0.13) 0.988 (0.986, 0.99)

PHANTASi 0 12,858 204 1221 143 11,290 0.588 (0.535, 0.638) 0.902 (0.897, 0.907) 0.143 (0.126, 0.162) 0.987 (0.985, 0.989)

PITSTOP 0 12,813 35 51 311 12,416 0.101 (0.074, 0.137) 0.996 (0.995, 0.997) 0.407 (0.309, 0.513) 0.976 (0.973, 0.978)

PreSAT 0 12,835 258 2060 89 10,428 0.744 (0.695, 0.787) 0.835 (0.828, 0.841) 0.111 (0.099, 0.125) 0.992 (0.99, 0.993)

PRESEP 3 12,835 255 1736 92 10,752 0.735 (0.686, 0.779) 0.861 (0.855, 0.867) 0.128 (0.114, 0.143) 0.992 (0.99, 0.993)

PRESS 1 12,835 58 163 289 12,325 0.167 (0.132, 0.21) 0.987 (0.985, 0.989) 0.262 (0.209, 0.324) 0.977 (0.974, 0.98)

PSP 1 12,835 268 2429 79 10,059 0.772 (0.725, 0.813) 0.805 (0.798, 0.812) 0.099 (0.089, 0.111) 0.992 (0.99, 0.994)

REMS 2 12,855 309 4919 38 7589 0.89 (0.853, 0.919) 0.607 (0.598, 0.615) 0.059 (0.053, 0.066) 0.995 (0.993, 0.996)

RST 0 12,857 279 3008 68 9502 0.804 (0.759, 0.842) 0.76 (0.752, 0.767) 0.085 (0.076, 0.095) 0.993 (0.991, 0.994)

SAS 0 12,836 42 52 305 12,437 0.121 (0.091, 0.16) 0.996 (0.995, 0.997) 0.447 (0.35, 0.547) 0.976 (0.973, 0.979)

SEPSIS 4 12,856 137 427 210 12,082 0.395 (0.345, 0.447) 0.966 (0.963, 0.969) 0.243 (0.209, 0.28) 0.983 (0.98, 0.985)

STSS 1 12,855 262 2226 85 10,282 0.755 (0.707, 0.797) 0.822 (0.815, 0.829) 0.105 (0.094, 0.118) 0.992 (0.99, 0.993)

Suffoletto 0 12,813 247 1451 99 11,016 0.714 (0.664, 0.759) 0.884 (0.878, 0.889) 0.145 (0.129, 0.163) 0.991 (0.989, 0.993)

UK 0 12,855 275 2720 72 9788 0.793 (0.747, 0.832) 0.783 (0.775, 0.79) 0.092 (0.082, 0.103) 0.993 (0.991, 0.994)

FN, false negatives; FP, false positives; NPV, negative predictive value; PPV, positive predictive value; PSP, Prehospital Sepsis Project; RST, Robson screening tool; TN, true negatives; TP, 
true positives.
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TABLE 20 Accuracy of qSOFA and other tools applied to all presentations

EWS Threshold N TP FP FN TN Sensitivity Specificity PPV NPV 

Pre-alert 0 12,870 80 531 268 11,991 0.23 (0.189, 0.277) 0.958 (0.954, 0.961) 0.131 (0.106, 0.16) 0.978 (0.975, 0.981)

qSOFA 0 12,869 301 4908 47 7613 0.865 (0.825, 0.897) 0.608 (0.599, 0.617) 0.058 (0.052, 0.064) 0.994 (0.992, 0.995)

qSOFA 1 12,869 160 790 188 11,731 0.46 (0.408, 0.512) 0.937 (0.933, 0.941) 0.168 (0.146, 0.194) 0.984 (0.982, 0.986)

qSOFA 2 12,869 33 65 315 12,456 0.095 (0.068, 0.13) 0.995 (0.993, 0.996) 0.337 (0.251, 0.435) 0.975 (0.972, 0.978)

90-30-90 0 12,857 222 1937 125 10,573 0.64 (0.588, 0.688) 0.845 (0.839, 0.851) 0.103 (0.091, 0.116) 0.988 (0.986, 0.99)

Borelli 0 12,835 242 1505 105 10,983 0.697 (0.647, 0.743) 0.879 (0.874, 0.885) 0.139 (0.123, 0.156) 0.991 (0.989, 0.992)

CIS 0 12,855 344 10,864 3 1644 0.991 (0.975, 0.997) 0.131 (0.126, 0.137) 0.031 (0.028, 0.034) 0.998 (0.995, 0.999)

CIS 4 12,855 57 171 290 12,337 0.164 (0.129, 0.207) 0.986 (0.984, 0.988) 0.25 (0.198, 0.31) 0.977 (0.974, 0.98)

HEWS 4 12,835 235 1923 112 10,565 0.677 (0.626, 0.724) 0.846 (0.84, 0.852) 0.109 (0.096, 0.123) 0.99 (0.987, 0.991)

MEWS 4 12,859 190 1232 157 11,280 0.548 (0.495, 0.599) 0.902 (0.896, 0.907) 0.134 (0.117, 0.152) 0.986 (0.984, 0.988)

NHS 0 12,855 241 2500 106 10,008 0.695 (0.644, 0.741) 0.8 (0.793, 0.807) 0.088 (0.078, 0.099) 0.99 (0.987, 0.991)

PHANTASi 0 12,858 215 1710 132 10,801 0.62 (0.567, 0.669) 0.863 (0.857, 0.869) 0.112 (0.098, 0.127) 0.988 (0.986, 0.99)

PITSTOP 0 12,813 39 67 307 12,400 0.113 (0.084, 0.15) 0.995 (0.993, 0.996) 0.368 (0.282, 0.463) 0.976 (0.973, 0.978)

PreSAT 0 12,835 277 3099 70 9389 0.798 (0.753, 0.837) 0.752 (0.744, 0.759) 0.082 (0.073, 0.092) 0.993 (0.991, 0.994)

PRESEP 3 12,835 270 2272 77 10,216 0.778 (0.731, 0.819) 0.818 (0.811, 0.825) 0.106 (0.095, 0.119) 0.993 (0.991, 0.994)

PRESS 1 12,835 65 212 282 12,276 0.187 (0.15, 0.232) 0.983 (0.981, 0.985) 0.235 (0.189, 0.288) 0.978 (0.975, 0.98)

PSP 1 12,835 292 4418 55 8070 0.841 (0.799, 0.876) 0.646 (0.638, 0.655) 0.062 (0.055, 0.069) 0.993 (0.991, 0.995)

REMS 2 12,855 343 10,288 4 2220 0.988 (0.971, 0.996) 0.177 (0.171, 0.184) 0.032 (0.029, 0.036) 0.998 (0.995, 0.999)

RST 0 12,857 304 5217 43 7293 0.876 (0.837, 0.907) 0.583 (0.574, 0.592) 0.055 (0.049, 0.061) 0.994 (0.992, 0.996)

SAS 0 12,836 46 78 301 12,411 0.133 (0.101, 0.172) 0.994 (0.992, 0.995) 0.371 (0.291, 0.459) 0.976 (0.974, 0.979)

SEPSIS 4 12,856 143 490 204 12,019 0.412 (0.362, 0.465) 0.961 (0.957, 0.964) 0.226 (0.195, 0.26) 0.983 (0.981, 0.985)

STSS 1 12,855 282 3326 65 9182 0.813 (0.768, 0.85) 0.734 (0.726, 0.742) 0.078 (0.07, 0.087) 0.993 (0.991, 0.994)

Suffoletto 0 12,813 263 1969 83 10,498 0.76 (0.712, 0.802) 0.842 (0.836, 0.848) 0.118 (0.105, 0.132) 0.992 (0.99, 0.994)

UK 0 12,855 297 4291 50 8217 0.856 (0.815, 0.889) 0.657 (0.649, 0.665) 0.065 (0.058, 0.072) 0.994 (0.992, 0.995)

FN, false negatives; FP, false positives; NPV, negative predictive value; PPV, positive predictive value; PSP, Prehospital Sepsis Project; RST, Robson screening tool; TN, true negatives; TP, 
true positives.
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unsurprising, given that there were only 20 additional reference standard positive cases in the secondary 
analysis. The results are available in Report Supplementary Material 1.

Selection of strategies for the decision-analytic modelling
None of the alternative strategies were judged to offer clearly superior accuracy to NEWS2, so only 
NEWS2 strategies were included in the modelling. We also limited the NEWS2 strategies to those 
applied alongside a diagnostic impression of sepsis or a diagnostic impression of infection or sepsis. 
Although NEWS2 could prioritise a manageable number of cases when applied to non-specific 
presentations or all cases if a high threshold were used, we noted that equivalent or better accuracy 
could be achieved at a lower threshold when applied to patients with a diagnostic impression of 
infection or sepsis. The clinical experts decided to include one additional strategy in the modelling – a 
strategy of using a qSOFA score > 1 in patients with a diagnostic impression of infection or sepsis. 
This strategy is recommended in the sepsis-3 guidance and represents a relatively simple strategy with 
equivalent accuracy to a point on the NEWS2 ROC curve.
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Chapter 3 Decision-analytic modelling

Introduction

Prehospital early warning scores can be used to prioritise people with suspected sepsis for urgent 
treatment. There will be a trade-off between the benefits that can be gained through early treatment for 
sepsis and the harms of delaying care for people with other urgent conditions who were seen later due 
to the prioritisation of patients with suspected sepsis. Further, there is the possibility that prioritising 
too many patients risks overstretching resources in hospitals.

There is potential for prehospital treatment for suspected sepsis. The decision to start treatment 
involves weighing the benefits for patients who have sepsis against the costs and risks of unnecessary 
treatment, especially antibiotic use.

We used decision-analytic modelling to determine the impact of using prehospital early warning scores 
to guide two key decisions: (1) alerting the receiving hospital that there is a patient who should be seen 
immediately on arrival; and (2) providing prehospital treatment for sepsis. No formal health economic 
analysis plan was developed, with the preference being to determine the methods used and the analyses 
on receipt of the data.

Literature reviews

A literature review was undertaken to identify previously published economic evaluations related to 
sepsis interventions with the aim (1) to identify any previous economic evaluations ‘relating to the 
improvement in patients prognoses due to earlier treatment’ and (2) to provide sources to populate the 
parameters used within the model.

The team were aware of a systematic review of health economic evaluations of sepsis interventions 
in critically ill adults published in 202044 which included studies published prior to 17 July 2018. This 
search was updated twice using the EMBASE, MEDLINE and Cochrane Library searches, and the 
inclusion criteria, provided in Higgins et al.,44 initially on 11 May 2020 and then on 30 November 2022 
(Figure 7). This search will henceforth be referred to as Search 1.

In total 63 economic evaluations were identified, 46 from the original systematic review and 17 from the 
updated searches. Four of the included studies in the original systematic review could not be accessed 
but this was not deemed to adversely impact on the conclusions as three studies were published in 
1992/93; the remaining study was written in Russian.

None of the 63 economic evaluations identified in Search 1 evaluated the use of prehospital early 
warning scores to guide earlier treatment. Eight studies assessed the use of early goal-directed therapy 
(EGDT) or other integrated sepsis protocols, all of which consisted of different bundles of care, mainly 
focused around EGDT being administered in a timely manner. EGDT consists of achieving a set of 
physiological targets (mainly targeting central venous pressure, mean arterial pressure and central 
venous oxygen saturation) through providing therapeutic interventions with continuous monitoring. 
These studies varied in the package of care provided compared to usual care, with four of the studies 
being before and after studies of protocols now in place as standard care. The one included UK study 
of EGDT46 required all patients to have been identified as having sepsis and to have been received 
antibiotics prior to being randomised to usual UK resuscitation protocol or EGDT. As such, effectiveness 
data from this study on mortality and hospital length of stay (LoS) were not applicable to the current 
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decision problem of using early warning scores to identify patients with sepsis prior to hospital 
admission and/or providing immediate treatment. However, as these studies may include data on other 
important parameters, such as health-related quality of life (HRQoL), they were included in the review 
for the relevant sections and are discussed in Model parameterisation.

In order to obtain estimates for additional parameters required in the mathematical model a second 
search was undertaken, henceforth named Search 2, updating a systematic review undertaken by Smyth 
et al.47 in 2016 which identified studies assessing the impact of prehospital care on outcomes for sepsis. 
The Smyth et al.47 review was identified through a targeted literature search for the effectiveness of 
prehospital antibiotic treatment. The search was twice updated, using MEDLINE, EMBASE, CINAHL and 
Cochrane Library, once on 11 October 2020, and once on 22 November 2022. Only papers estimating 
the impact on patient outcomes (related to either mortality or resource use) of prehospital antibiotic 
treatment or prehospital sepsis alerts leading to immediate antibiotic treatment were retained for use 
in the model. Studies comparing method of arrival at hospital or assessing the impact of non-antibiotic 
prehospital treatment were not included. Three studies were included from the Smyth et al.47 review and 
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a further nine studies were identified from the updated review (Figure 8). These studies will be discussed 
in Model parameterisation.

Model structure

A simple decision tree structure was chosen following discussions with clinicians, which incorporates 
an aggregated estimate of the increased delays to other patients in the ED. The model focuses on 
adult patients with possible sepsis who arrive at the ED by emergency ambulance. It evaluates a range 
of strategies that use a prehospital early warning score implemented in combination with prehospital 
diagnostic impression judged by paramedics to select which patients are prioritised. The prehospital 
diagnostic impression has the following categories: (1) sepsis; (2) infection (excluding sepsis); (3) (other 
diagnostic impression in which sepsis could be suspected); and (4) (other diagnostic impression in which 
sepsis would not be suspected). Within the modelling only categories 1 and 2 were considered for 
prioritisation for sepsis-related reasons.

Records identified through updated
database searching (MEDLINE, 

EMBASE, Cochrane Library, CINAHL)
(n = 6355)

Sc
re

en
in

g
In

cl
u

d
ed

E
lig

ib
ili

ty
Id

en
ti

fi
ca

ti
o

n

Records after duplicates removed
(n = 4920)

Records screened
(n = 4920)

Records excluded based on 
title and abstract

(n = 4767)

Full-text articles assessed 
for eligibility

(n = 153)

Full-text articles excluded (no 
outcomes included, other 

pre-hospital treatment, 
conference abstract only, 

clinical trial 
protocol/commentary paper)

(n = 144)

Studies included in review
from updated search

(n = 9)

Studies included from 
Smyth et al. review

(n = 3)

Total number of studies 
included in review

(n = 12)

FIGURE 8 PRISMA diagram of included studies for prehospital sepsis alerts or antibiotic treatment (Search 2). Adapted 
from Moher et al.45



42

NIHR Journals Library www.journalslibrary.nihr.ac.uk

Decision-analytic modelling

All strategies were compared alongside a ‘zero option’ strategy of prioritisation for no patients. We did 
not include a strategy reflecting ‘routine practice’ since our best estimate of this, pre-alert recorded in 
the 2019 data, had inferior accuracy to the strategies we planned to include (see Selection of strategies 
for the decision-analytic modelling).

The strategies are based on early warning scores with a range of sensitivities and specificities (as 
determined by the retrospective cohort study) and the prehospital diagnostic impression categories for 
which the early warning score is applied.

1.	 Score applied only to cases in category 1, with cases in categories 2–4 considered index test nega-
tive.

2.	 Score applied only to cases in categories 1 and 2, with cases in categories 3 and 4 considered index 
test negative.

For example, a strategy may consist of applying an early warning score to patients with a diagnostic 
impression of 1 or 2 only, then prioritising those patients who reach the early warning score threshold. 
Patients who do not reach the threshold or who are given a diagnostic impression of 3 or 4 are not 
prioritised, as shown in Figure 9. This equates to 2 above.

Patients who have a strategy applied are categorised into four groups, depending upon whether the 
strategy (index test) is positive and whether they have sepsis or not (reference standard):

•	 score and diagnostic impression category positive, sepsis (true positive)
•	 score and diagnostic impression category negative, sepsis (false negative)
•	 score and diagnostic impression category positive, not sepsis (false positive)
•	 score and diagnostic impression category negative, not sepsis (true negative).
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FIGURE 9 Model diagram.
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True positives are assumed to receive early treatment for sepsis and potential benefits. False positives 
are assumed to receive unnecessary antibiotic treatment and to incur additional costs associated with 
inappropriate use of a resuscitation bay. Both true negatives and false negatives receive care as normal. 
There are no changes in outcomes for those patients who are not prioritised (independent of whether 
they have sepsis or not).

The NICE Reference Case requires cost-effectiveness to be presented in terms of cost per quality-
adjusted life-years (QALY) gained.48 It is assumed that incremental costs are affected by false-positive 
patients through the cost of unnecessary antibiotic treatment and the inappropriate use of resuscitation 
bays as opposed to general ED bays. The impact on incremental costs due to reductions in LoS (both 
ICU and general bed-days) due to receiving timely treatment (true positives) is explored.

The perspective undertaken for costs was that of the NHS with costs in pounds sterling inflated to 
2019–20 prices where appropriate. A lifetime horizon was approximated by the use of QALY gained 
due to the prevention of a sepsis mortality. This value used a discount rate of 3.5% per annum as 
recommended by NICE.48 No costs were assumed to be incurred over more than 1 year and so 
discounting of costs was not undertaken.

Model parameterisation

Model parameters were sourced from a combination of retrospective cohort data, published literature 
identified in Search 1 or Search 2 or clinical opinion. These are discussed in further detail below.

Population
Members of the study team recently undertook a retrospective single-centre descriptive study based in 
Sheffield Northern General Hospital on the characteristics and outcomes of suspected sepsis patients in 
the ED.2 The median age of the subset of patients with diagnosed sepsis meeting the sepsis-3 definition 
was 77 years [interquartile range (IQR) 65–85] and 39.8% (100/251) of the population were female. 
These figures are used in the model with the median assumed equal to the mean. The sepsis prevalence 
used in the model is 2.70% based on data in the retrospective cohort study presented in Chapter 2.

Two ambulance populations are modelled to represent large and small service sizes, with the difference 
being the number of daily ambulances arrivals (excluding children, trauma, maternity and mental health). 
Data on the average number of daily ambulance arrivals for a small hospital were taken from Rotherham 
General Hospital data (average of 51.3) and from Sheffield Teaching Hospital data for a large hospital 
(average of 93.5), both part of the retrospective cohort study.

Strategies implemented – early warning score sensitivity and specificity
Based on analyses of sensitivity and specificity in conjunction with clinical advice, 23 strategies were 
compared with no prioritisation (see Selection of strategies for the decision-analytic modelling). These were 10 
strategies for people classified as category 1 (sepsis) and 13 strategies were analysed for patients classified as 
either category 1 or category 2 (sepsis or infection). These strategies are shown in Table 21. All early warning 
scores were compared to a strategy of no prioritisation of patients. Due to insufficient data, no formal 
comparisons of early warning scores were performed; decision-makers would need to assess this individually 
based on the total number of pre-alerts per day, and assessing the likelihood that there would be reductions 
in mortality, morbidity and LoS generated from using each early warning score.

Sensitivity and specificity data for each combination of early warning score and the diagnostic impression 
category to which it is applied were sourced from the retrospective cohort study. As NEWS2 was recently 
endorsed by NHS England for use in ambulance settings49,50 and the Academy of Medical Royal Colleges has 
recently produced guidance for prioritisation of sepsis based on varying thresholds of NEWS2,51 scenarios 
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were included which evaluate the NEWS2 score across its varying thresholds when applied to patients in 
category 1 and in categories 1 or 2. As discussed in Methods, data on the reference standard needed to 
estimate the sensitivity and specificity could only be measured with data from Sheffield Northern General 
Hospital rather than the four ambulance services as initially planned. The specificity and sensitivity of each 
strategy (combination of early warning score and diagnostic impression to which it is applied) are shown in 
Accuracy for the primary (treatment) reference standard.

Baseline mortality risk due to sepsis
In order to estimate the benefit of prehospital treatment or prehospital early warning score leading to 
immediate treatment, an estimate of baseline sepsis mortality rate was required.

Many studies found in Search 1 used the control arms of studies or country-specific cohort data for 
baseline mortality; however. the majority of these were based in North America or Europe (France, 
Spain, Italy) and therefore not necessarily generalisable to our research. Nine studies used mortality data 
from the PROWESS trial, a worldwide randomised controlled trial (RCT) of Drotrecogin alfa (activated) 
for severe sepsis. A UK health technology assessment conducted by Westwood et al.52 used a range of 
probabilities for baseline mortality taken from previous literature (Christ-Crain et al.;53,54 Bouadma et 
al.;55 Qu et al.56 Roh et al.57). The probability of mortality for adults ranged from 6.2% to 7.2% in the ED 
and from 16.9% to 18.2% for adults in the ICU. Mouncey et al.46 reported a 24% 28-day mortality and 
29% 90-day mortality rate for the usual-care arm of their UK trial.

Stevenson et al.58 used a baseline 30-day mortality rate of 13% and a hospital mortality rate of 21%, 
both taken from a previous health technology assessment report59 reporting on data from four NHS 
hospitals in the North-West of England. The 29% 90-day mortality rate reported by Mouncey et al.46 was 
then used in sensitivity analyses. Both Soares et al.60 and Green et al.61,62 reported a baseline mortality 
rate relevant to the UK. They used figures from the ICNARC case-mix programme which identified 
admissions of severe sepsis in England, Wales and Northern Ireland. Soares et al.60 used the time period 
of 2007–9, which was the most recent available at the time of their study. Overall hospital mortality was 

TABLE 21 Strategies analysed within the cost-effectiveness model

Strategy 
Category 1
(sepsis) 

Category 1 or 2
(sepsis and infection) 

No prioritisation ✓ ✓

NEWS2 > 0 ✓ ✓

NEWS2 > 1 ✓ ✓

NEWS2 > 2 ✓ ✓

NEWS2 > 3 ✓ ✓

NEWS2 > 4 ✓ ✓

NEWS2 > 5 ✕ ✓

NEWS2 > 6 ✕ ✓

NEWS2 > 7 ✓ ✓

NEWS2 > 8 ✓ ✓

NEWS2 > 9 ✓ ✓

NEWS2 > 10 ✓ ✓

NEWS2 > 11 ✓ ✓

qSOFA > 1 ✕ ✓
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40.6% (95% CI 40.0% to 41.2%) and baseline mortality for critical care units was 29.1% (95% CI 28.6% 
to 29.7%). Green et al. 18,19 did not report the time period used but reported a 28-day mortality rate of 
41.5% (95% CI 40.8% to 42.3%) for patients with severe sepsis and 46.2% (95% CI 45.3% to 47.1%) for 
patients with severe sepsis and multiple organ dysfunctions.

Members of the team were aware from personal communication with Dr Lisa Sabir (Academic 
Clinical Fellow in Emergency Medicine) of a single-centre retrospective study of adult patients with 
suspected sepsis in ED. Other studies usually have a selected cohort from which sepsis mortality is 
estimated due to the primary aim being to study a treatment or diagnostic test. Dr Sabir’s study was 
specifically designed to describe the characteristics and outcomes of a randomly selected cohort of 
patients attending an ED with suspected sepsis and diagnosed with sepsis according to the sepsis-3 
definition.1 Due to this, this study was deemed most relevant to our current study. Sabir et al. (personal 
communication) communicated that there were 50 deaths within 30 days from 192 patients where data 
were fully known in the sepsis-3-defined cohort, resulting in a 30-day mortality rate of 26%. As this 
study was deemed the most relevant population this was chosen to be used in our model.

Health-related quality of life
Health-related quality of life after sepsis was required to estimate the QALY gains associated with 
reductions in mortality due to prehospital sepsis alerts/antibiotics. Only two of the identified economic 
evaluations in Search 1 provided utility values that were sepsis-specific, published as full papers and 
relevant to the UK. Therefore, the utility values provided in Stevenson et al.58 (taken from Cuthbertson et 
al.63) and Mouncey et al.,46 as part of the PROmisE trial, were considered the most applicable to be used. 
The utility values for sepsis survivors used in the model are shown below:

•	 Initial 90 days: average of intervention (0.609, SD 0.319) and comparator group (0.603, SD 0.312) in 
PROmisE trial at 90 days = 0.611.

•	 91 days to 1 year: average of intervention (0.620, SD 0.307) and comparator group (0.653, 0.323 SD) 
in PROmisE trial at 1 year = 0.637.

•	 After 1 year: 0.676 calculated from the value used between 91 days and 1 year (0.636) increased by a 
multiplier of 1.0625, which was calculated from dividing the value at 5 years post sepsis and 3 years 
post sepsis reported in Cuthbertson et al. (0.68/0.64). Utilities are switched to age–sex-matched 
general population utility values22 where these were below 0.676.

The quality-adjusted life-year gains associated with preventing 30-day mortality
Following the methods used in Stevenson et al.,58 it is assumed in the model that each 30-day mortality 
prevented due to correct prioritisation of sepsis patients is associated with a QALY gain of 5.94. This 
figure is based on the following:

1.	 The estimated number of discounted life-years for a typical patient. The remaining life expectancy 
of each patient with an assumed age of 77 years and 39.8% (female)/60.2% (male) gender split2 
was calculated using National life tables for England and Wales (2018–20).64 The model assumes 
that life expectancy following sepsis for those immediately treated is equal to that of the general 
population.

2.	 Quality of life post sepsis. The utility values used are those described in Health-related quality of life.

Costs associated with false positives
The only costs included in the model are in relation to patients being incorrectly prioritised (false 
positives). These include unnecessary antibiotic treatment and a penalty cost for taking up a 
resuscitation bay as opposed to a general ED bay.

Following advice from clinical experts, it was advised that Tazocin (piperacillin/tazobactam) was the 
most likely antibiotic to be used in a prehospital setting for sepsis and is also used in the ED in Sheffield 
Northern General Hospital; therefore, it is able to represent either prehospital treatment or immediate 
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treatment on arrival. The cost of Tazocin 4 g/0.5 g powder solution for infusion vials (Pfizer Ltd) was 
sourced from the British National Formulary65 with a cost of £15.17 applied to all false-positive patients 
to represent the first dose of antibiotics.

Patients incorrectly prioritised will take up resources in ED as they are likely to be immediately sent to 
a resuscitation bay rather than a general ED bay. As NHS Reference Costs do not provide estimates 
of the costs of resuscitation and general ED bays, the costs per day of an ICU (critical care) bed and 
general ward bed were used to represent resuscitation bay and general ED bay, respectively, and 
assumed to reflect the differences in staffing requirements associated with each. After discussions with 
clinical experts, it was assumed that the penalty cost of incorrectly prioritising patients would equal the 
difference between 4 hours in an ICU bed and 4 hours in a general ward bed. The main limitation of this 
assumption is that it assumes there is capacity to increase resuscitation bays and the associated staffing 
to accommodate the prioritised patients. Sources and costs used to reflect the penalty cost are shown in 
Table 22. No further analyses were undertaken to evaluate the potential harm to non-prioritised patients 
who have care delayed due to prioritised patients as it is assumed that this would be incorporated 
within the additional costs associated with the additional resuscitation bed cost.

Effectiveness of interventions (prehospital sepsis alerts or prehospital antibiotics)
Seven studies found in Search 2 assessed the impact of a prehospital alert/documentation by emergency 
medical staff (EMS) in the ambulance to warn arriving hospitals of a potential sepsis case (Table 23). Four 
of these studies were based in the USA (Borrelli et al.;27 Hunter et al.;69 Mixon et al.;70 Guerra et al.37), 
while the remaining three were based in Europe; UK (McClelland and Jones71), the Netherlands (Alam 
et al.72) and Germany (Floer et al.73). None of these studies were RCTs and all used retrospective data 
with conflicting results for the interventions in terms of impact on LoS and mortality. Two out of the 
seven studies found a significant difference in mortality (McClelland and Jones;71 Guerra et al.37). Three 
studies assessed the impact of prehospital alerts on hospital LoS and only one of these (Borrelli et al.27) 
found a significant difference in LoS with the intervention group (sepsis screening tool and prehospital 
alert) having a significantly lower median LoS of 5 days (IQR 3–6) versus 8 days (IQR 5–12), p = 0.01. 
McClelland and Jones was the only UK study looking at prehospital sepsis alerts and found a significant 
impact on 3-month mortality rates; however, this was a small pilot study with only 49 patients included 
in total.71 As these studies were retrospective they could be subject to confounding bias, as patients’ 
characteristics such as age or SOFA score may have differed between the groups, as in Mixon et al.69 and 
Hunter et al.70 These studies did, however, show that pre-alerts have significant improvement in the time 
to antibiotics, reducing time to antibiotics to below 1 hour. However, it is unknown from these current 
studies if this has an impact on mortality and morbidity.

Five studies in Search 2 assessed the impact of prehospital antibiotic treatment on sepsis outcomes. 
This also showed conflicting evidence on mortality and LoS, with two out of the five studies showing 
a significant difference in mortality (Jouffroy et al.;74 Chamberlain et al.75). These same studies were the 
only ones to also show a significant difference in ICU LoS. The PHANTASi trial is the only large-scale 
multicentre RCT to look at the impact of prehospital antibiotic treatment.33 However, the results of 

TABLE 22 Cost values and sources for false negatives penalty cost

Parameter Value Source 

Cost per ICU/day
(per 4 hours)

£1096.41 (£182.74) NHS Reference Costs 2019–20.66 CCU01-non-specific, general 
adult critical care patients predominate, Organs supported 0

Cost per ward/day
(per 4 hours)

£351.15 (58.53) NHS Reference Costs 2017–8.67 Non-elective inpatient excess 
bed-days inflated to 2019–20 prices using PSSRU NHSCII68

Penalty cost of incorrectly 
prioritising non-sepsis patients

£124.21 Calculated. Cost difference between 4 hours ICU bed and 4 
hours general ward bed
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TABLE 23 Key characteristics and findings of Search 2 studies (effectiveness of prehospital alerts/antibiotics)

Author, year Study details Mortality impact LOS impact TTA 

Prehospital alert

Alam et al., 
201672

Country: Netherlands
Intervention: recognition and documentation of sepsis 
during handover by GPs and EMS personnel
Comparator: patients not recognised by GPs/EMS
Study type: prospective observational study
Patient details: 301 patients with sepsis

Patients who died during admission 
did not have a significantly longer 
TTA (mean: 111.46 minutes ± 115.92) 
compared to patients that did not die 
(mean: 118.21 minutes ± 90.76)

NR TTA lower in group in which 
sepsis was documented by 
EMS staff vs. not:
65.6 minutes vs. 101.5 
minutes (p = 0.024)

Borrelli et 
al., 201927

Country: USA
Intervention: EMS sepsis screening tool implemented. EMS 
alert Emergency Communications Registered Nurse while 
on route to ED who direct fluid administration by EMS and 
inform attending physician of possible sepsis
Comparator: retrospective historical control group of 
patients who presented to the ED with an initial presenta-
tion of severe sepsis or septic shock
Study type: retrospective cohort
Patient details: 43 control group, 20 EMS tool group

Hospital mortality was lower in the 
post-EMS tool group (11.6% vs. 0%, 
p = 0.14)

Median hospital LOS was 
significantly shorter in the 
post-EMS tool group [8 days 
(IQR 5–12) vs. 5 days (IQR 
3–6), p = 0.01].
Median ICU LOS 
significantly shorter in the 
post-EMS tool group [3 
days (IQR 0–6) vs. 0 days 
(IQR 0), p = 0.001]
Lower ICU admission rate 
(33% vs. 52%, p = 0.003)

Median TTA was lower in the 
pre-EMS tool group:
63.5 minutes (IQR 44–92) vs. 
72 minutes (IQR 59.5–112), 
p = 0.26

Hunter et 
al., 201969

Country: USA
Intervention: prehospital sepsis alert (pre-arrival alert)
Comparator: no prehospital sepsis alert
Study type: retrospective cohort
Patient details: 162 pre-alert notification, 110 no notifica-
tion. Prehospital sepsis alert group was significantly older 
(69 vs. 64 years old, p = 0.024)

No change in mortality between groups: 
no alert: 15 (14%) vs. alert group: 16 
(11%), p = 0.565

NR TTA lower in prehospital alert 
group:
33 minutes (95% CI 26 to 
40 minutes) vs. 61 minutes 
(95% CI 44 to 78 minutes), 
p = 0.004

Mixon et al., 
202070

Country: USA
Intervention: sepsis alert calls via EMS
Comparator: sepsis alert calls in ED
Study type: multicentre retrospective
Patient details: 419 ED alert, 88 EMS alert

No significant difference in 60-day 
in-hospital mortality: 16.28% vs. 9.64%, 
p = 0.07

No difference between 
sepsis alerts initiated in the 
field and those initiated in 
the ED in regard to hospital 
LOS (3.94 days vs. 3.77 days, 
p = 0.72),
ICU LOS (2.0 vs. 2.0, 
p = 0.62)
No sig difference in ICU 
admission (18.18% vs. 
15.27%, p = 0.62)

TTA significantly lower in 
EMS alert group:
48.5 minutes vs. 65 minutes, 
p < 0.01
EMS alert group more likely 
to receive antibiotics within 
60 minutes than ED alert:
59.1% vs. 44%, p < 0.01

continued
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Author, year Study details Mortality impact LOS impact TTA 

Guerra et al., 
201337

Country: USA
Intervention: training of EMS staff to recognise sepsis and 
pre-alert EDs (implementing a Sepsis Alert protocol).
Comparator: no Sepsis Alert protocol implemented: 
patients unrecognised by EMS who arrived at the ED in 
severe sepsis
Study type: retrospective case control study (pilot study)
Patient details: 112 severe sepsis patients; 37 pre-alerts 
group, 75 no alert group

If hospital was ‘pre-alerted’, survival to 
discharge improved OR 3.19 (95% CI 
1.14 to 8.88, p = 0.040)

No significant reduction in 
LoS: mean 7.3 days (SD 6.8 
days, pre-alert) vs. 8.4 days 
(SD 8.8 days, no pre-alert, 
p = 0.65)

No significant reduction in 
mean TTA: pre-alert 72.6 
minutes (SD 59.3 minutes) vs. 
98.5 minutes no pre-alert (SD 
89.9 minutes, p = 0.07)

McClelland 
and Jones., 
201671

Country: UK
Intervention: patients recognised by EMS
Comparator: patients not recognised as sepsis by EMS
Study type: pilot study, non RCT
Patient details: 49 patients

3-month mortality higher in EMS-
identified patients: 21% (5/24) vs. 16% 
(4/25) (not identified)

ICU admission lower in 
EMS-identified patients: 4% 
(1/23) (EMS-identified) vs. 
13% (3/23) (not identified)

Does not separately report 
TTA but instead look at Time to 
Sepsis Six bundle (oxygen, cul-
tures, antibiotics, fluids, lactate 
measurement and urine output 
monitoring): EMS identified 
mean 205 minutes (SD 271 
minutesa) vs. 120 minutes (SD 
110) (not identified)

Floer et al., 
202173

Country: Germany
Intervention: documentation of suspected sepsis by EMS
Comparator: sepsis not documented by EMS
Study type: retrospective single-centre cohort study
Patient details: sepsis recognised (n = 25); sepsis not 
recognised (n = 238)

In hospital mortality 8.0% if suspected 
sepsis identified by EMS staff vs. 22.8% 
if not (p = 0.0292)

NR 136.50 minutes for sepsis 
diagnosed by EMS compared 
to non-diagnosed sepsis 
206.98 minutes after the 
arrival of EMS on the scene 
(p = 0.0069)

Prehospital antibiotics

Chamberlain 
et al., 200975

Country: Australia
Intervention: prehospital antibiotics and fluids
Comparator: prehospital fluids only
Study type: prospective RCT (abstract only)
Patient details: 198 septic shock patients

28-day mortality reduced: 42.4% 
(intervention) vs. 56.7% (control), OR 
0.56 (95% CI 0.32 to 1.00; p = 0.049)

Mean ICU LOS: reduced 
6.8 ± 2.1 days (intervention)
vs. 11.2 ± 5.2 days (control, 
p = 0.001)

TTA was reduced by 3.4 ± 2.6 
hours (p = 0.02)

Jouffroy et 
al., 202074

Country: France
Intervention: prehospital antibiotics provided by MICU
Control: no prehospital antibiotics provided by MICU
Study type: multicentre retrospective cohort
Patient details: septic shock patients only. 308 patients: 98 
received prehospital antibiotics. Mean age = 70

Significant association between 
prehospital antibiotic therapy and 
30-day mortality: HR – 0.56, 95% CI 
(0.35 to 0.90), p = 0.01

ICU LOS: prehospital treat-
ment = 4 days [2–8] vs. no 
prehospital treatment = 5 
days (3–10) (p = 0.478)
In-hospital LOS: prehospital 
treatment = 7 days (2–13) 
vs. no TX = 17 days (10–29) 
(p < 0.001)

TABLE 23 Key characteristics and findings of Search 2 studies (effectiveness of prehospital alerts/antibiotics) (continued)
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Author, year Study details Mortality impact LOS impact TTA 

Alam et al., 
201833

Country: the Netherlands
Intervention: open-label intravenous ceftriaxone 2000 mg 
in the ambulance in addition to usual care (following 
training for EMS staff).
Comparator: usual care in the ambulance of fluid resuscita-
tion and supplementary oxygen
Study type: prospective RCT
Patient details: 2698 patients: 1535 intervention vs. 1137 
control. All severity of sepsis included

28-day mortality: intervention group 
120 (8%), control 93 (8%); relative 
risk = 0.95 (95% CI 0.74 to 1.24); risk 
difference –0.37
(–2.5 to 1.7); p = 0.78
90-day mortality: intervention group 
178 (12%), control group 134 (12%) 
(p = 0.87). Relative risk = 0.98
No significant difference in 28-day 
mortality between groups in any of 
the subgroups (< 65 vs. > 65; sepsis 
severity, prehospital qSOFA)

No significant difference in 
length of hospital stays

Median TTA before arriving 
at the ED for patients in the 
intervention group was 26 
minutes (IQR 19–34).
Median TTA after arriving 
at the ED in the usual care 
group was 70 minutes (IQR 
36–128)

Cunningham 
et al., 202276

Country: USA
Intervention: paramedics trained for sepsis recognition 
and initiation of sepsis protocol which includes initiation 
of prehospital antibiotics and drawing of blood cultures 
(in order to assess contamination rates of blood cultures 
drawn in the prehospital setting)
Comparator: retrospectively analysed group of patients 
who would have met protocol criteria based on PCR results.
Study type: pilot study, non-RCT
Patient details: patients with sepsis with hypotension and 
septic shock. Prospective intervention cohort (n = 29), 
historical cohort (n = 34)

No significant difference No significant difference 911 call receipt to TTA 
significantly lower for the pro-
spective cohort (intervention) 
than the historical cohort 
(mean = 36.04 minutes vs. 
220.76 minutes; p < 0.005)

Jones et al., 
202277

Country: UK
Intervention: paramedics trained in sepsis recognition 
protocol. Intervention group (usual care and collection of 
blood cultures and IV administration of 2 g cefotaxime).
Comparator: usual care (maintaining oxygen saturation and 
alerting the hospital if deemed serious condition)
Study type: RCT feasibility study
Patient details: 62 intervention vs. 52 control

90-day mortality: intervention group: 21 
(33.9%) vs. control group: 11 (21.2%)
Odds ratio = 1.9 (0.82, 4.5) (p = 0.13)

NR NR

GP, general practitioner; HR, hazard ratio; MICU, mobile intensive care unit; NR, not reported; TTA, time to antibiotics; Tx, treatment.
a	 Includes outlier where the fluid balance chart was not started for 12 hours. Excluding this case gives a mean of 76 minutes (SD 95 minutes) for EMS group.
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Decision-analytic modelling

this study did not show a significant impact on either mortality or LoS. Only one of the five studies was 
based in the UK (Jones et al.77). This RCT feasibility study (PhRASe study) was designed to assess the 
viability of paramedics recognising and screening patients for severe sepsis and collecting blood cultures 
and administering intravenous antibiotics. The results showed no significant difference in mortality and 
ICU admission between the control and intervention groups. However, this study was not powered to 
assess significant differences in these outcomes.

Due to the large variability in results found, there was deemed to be no single estimate that could 
be chosen to accurately represent the effectiveness of either prehospital sepsis alerts or prehospital 
antibiotics on mortality or LoS outcomes. The gains associated with earlier treatment (if any) therefore 
cannot be currently quantified. In order to provide information for decision-makers, threshold analyses 
were performed to provide, in isolation, the reduction in: mortality; general ward LoS; ICU LoS; and the 
gains in QALYs, in isolation, that would be required for a strategy to be cost-effective at a standard NICE 
cost per QALY threshold of £20,000 compared with no prioritisation.47

Analyses undertaken

It was initially anticipated that the economic model would separately analyse the impact of prehospital 
early warning scores in providing earlier treatment to patients by (1) alerting the receiving hospital so 
that the patient is seen immediately on arrival and/or (2) providing prehospital treatment for sepsis. 
After reviewing the literature, however, it was deemed that there was inconclusive evidence on the 
benefits of prehospital sepsis alerts for immediate treatment (including prehospital antibiotic treatment). 
Therefore, the focus was changed to concentrate on patients being seen, and treated, immediately 
on arrival at the ED and assessing the operational consequences and cost-effectiveness of relevant 
strategies. Due to inconclusive benefits associated with prehospital alerts/treatment, threshold analyses 
were performed to provide, in isolation, the reduction in: mortality; general ward LoS; ICU LoS; and the 
gains in QALYs, in isolation, that would be required for a strategy to be cost-effective at a standard NICE 
cost per QALY threshold of £20,000 compared with no prioritisation.

Due to a lack of data, the impact of prehospital alerts on operational consequences was also simplified 
to focus only on the number of alerts per day received by the ED. This would allow an assessment of 
whether particular strategies were feasible.

The key outputs of the model are as follows:

•	 number of patients prioritised (i.e. number of additional calls)
•	 number of patients not prioritised
•	 incremental costs (due to incorrectly prioritised patients taking up ICU beds and receiving 

unnecessary antibiotics)
•	 the reduction in general ward LoS that would be required for each strategy to become cost-effective 

compared with no prioritisation
•	 the reduction in ICU LoS that would be required for each strategy to become cost-effective with 

no prioritisation
•	 the reduction in mortality that would be required for each strategy to become cost-effective with 

no prioritisation
•	 the net gains in QALYs that would be needed for each strategy to become cost-effective with no 

prioritisation. These QALYs could come from less long-term morbidity associated with sepsis patients 
or with prioritisation of non-sepsis patients who benefited from earlier treatment, although QALYs 
could be lost due to the overuse of antibiotics.
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The threshold analyses have been undertaken in isolation; the thresholds needed would be lower if 
more than one component were considered simultaneously, for example, if both mortality benefits 
and a reduced LoS was changed. There is considerable uncertainty in the relative results of each 
strategy but given the lack of data on key model parameters, such as the benefit of providing early 
treatment for patients with sepsis, no further quantification of uncertainty was undertaken beyond the 
threshold analyses.

Probabilistic analyses were undertaken in a nearly finalised model which showed that the model was 
linear, with the probabilistic results being very similar to the deterministic results. Given this, and that 
the primary analyses would be threshold-based, we have provided deterministic answers only and did 
not run probabilistic results in the final model.

Analyses were undertaken that compared all strategies simultaneously at selected relative risk of 
mortality associated with early treatment between 0.900 and 1.00. These analyses used incremental net 
monetary benefit (iNMB) for all strategies compared with no prioritisation. iNMB is defined as the cost 
per QALY gained threshold multiplied by the incremental QALY gain minus the incremental cost; under 
this framework the strategy with the largest estimated iNMB is deemed to be the most cost-effective, 
which could be zero if the benchmark intervention is most cost-effective.78 The absolute loss (valued in 
terms of cost) of moving to a different strategy is calculated by comparing the estimated iNMBs.

The fully incremental analysis was undertaken again assuming that the costs of false positives had been 
underestimated, with the cost increased from £124 to £500.

Decision-analytic modelling results

The following sections provide the results of the modelling: to aid readability of the figures each strategy 
has been referenced by the early warning score, the threshold score and the description of the highest 
category number that is used. Thus, as examples, NEWS2 > 5_infection refers to using the NEWS2 score 
and prioritising all patients with sepsis or infection with a score > 5, whereas NEWS2 > 9_sepsis refers 
to using the NEWS2 score and prioritising all patients with sepsis with a score > 9.

The results are presented ranked in terms of sensitivity, with the most sensitive strategy [applying 
the NEWS2 score to people categorised as 1 or 2 (sepsis or infection) and prioritising people with a 
score > 1] on the left and the least sensitive strategy [applying the NEWS2 score to people categorised 
as 1 (sepsis only) and prioritising people with a score > 11] on the right.

The number of prehospital alerts by each strategy
The operational consequences of each strategy need to be considered. Figure 10 provides the estimated 
total number of alerts for each strategy for a large hospital which is assumed to have, on average, 93.5 
patients arriving by ambulance each day and also the number of times of prioritisation when the patient 
had sepsis. Figure 11 provides the estimated total number of alerts for each strategy for a small hospital 
which is assumed to have, on average, 51.3 patients arriving by ambulance each day and also the 
number of times of prioritisation when the patient had sepsis. Table 24 shows the number prioritised, 
number with sepsis correctly prioritised and number with sepsis not prioritised at a large and a small 
hospital. It is seen in both Figures 10 and 11 that the ratio of correctly prioritised patients to the total 
number of prioritised patients varies widely by strategy.

Managers and clinicians can use Figures 10 and 11, and Table 24, to predict the consequences of using 
each strategy at their hospital. They can thus predict the consequences of implementing national 
recommendations or guidelines. For example, the Academy of Medical Royal Colleges clinical decision 
support framework recommends using NEWS2 > 6 to identify presentations with evidence of infection 
for urgent treatment within 1 hour. Table 24 suggests that this would result in 4.11 cases being 
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TABLE 24 The number of cases prioritised with and without sepsis (and not prioritised with sepsis) at a large and a small 
hospital using each strategy

 

Large hospital Small hospital

Number 
prioritised 

Number correctly 
prioritised 

Number sepsis 
not prioritised 

Number 
prioritised 

Number correctly 
prioritised 

Number 
sepsis not 
prioritised 

NEWS2 > 0_infection 8.95 1.44 1.09 4.91 0.79 0.60

NEWS2 > 1_infection 8.47 1.44 1.09 4.65 0.79 0.60

NEWS2 > 2_infection 7.90 1.44 1.09 4.33 0.79 0.60

NEWS2 > 3_infection 7.03 1.39 1.14 3.86 0.76 0.62

NEWS2 > 4_infection 6.10 1.32 1.21 3.35 0.72 0.66

NEWS2 > 5_infection 5.17 1.25 1.28 2.84 0.68 0.70

NEWS2 > 6_infection 4.11 1.13 1.40 2.26 0.62 0.77

NEWS2 > 7_infection 3.25 0.97 1.56 1.78 0.53 0.86

NEWS2 > 0_sepsis 2.88 0.83 1.70 1.58 0.46 0.93

NEWS2 > 1_sepsis 2.85 0.83 1.70 1.56 0.46 0.93

NEWS2 > 2_sepsis 2.82 0.83 1.70 1.54 0.46 0.93
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FIGURE 10 The number of cases prioritised each day in a large hospital using each strategy.
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FIGURE 11 The number of cases prioritised each day in a small hospital using each strategy.
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prioritised per day at a large hospital, including 1.13 with sepsis, while 1.40 people with sepsis were not 
prioritised. At a small hospital 2.26 cases would be prioritised per day, including 0.62 with sepsis, while 
0.77 people with sepsis were not prioritised.

Threshold analysis based on length of stay
Figure 12 shows the average reduction in LoS for patients correctly prioritised that would be required for 
each strategy to be estimated to be cost-effective assuming a willingness to pay of £20,000 per QALY 
compared to no prioritisation. These are provided in isolation for general ward stay and ICU stay. These 
values would be lower if there was a reduction in both general ward stay and ICU stay.

Threshold analysis based on relative risk of mortality
Figure 13 provides the relative risk of mortality for patients with sepsis who have been correctly 
prioritised at which each strategy would be cost-effective assuming a willingness to pay of £20,000 
per QALY compared to no prioritisation. The y-axis starts at 0.975, indicating that only minor gains in 
mortality are required in order for even the most sensitive strategies to be cost-effective.

Threshold based on QALYs gained
Figure 14 provides the total number of QALYs gained per patient with sepsis correctly prioritised at 
which each strategy is estimated to become cost-effective assuming a willingness to pay of £20,000 per 
QALY compared to no prioritisation. It is seen that these numbers are very low, with all strategies having 
a value below 0.0006.

The threshold analyses only show the threshold of effectiveness required for each strategy to be cost-
effective compared to no prioritisation. We used this approach because none of the alternative strategies 
represent routine practice. The strategies can be compared to each other by examining the difference in 
the threshold level between the strategies. Given that the threshold relative risk reduction for mortality 
required for even the most sensitive strategy to be cost-effective was very small, we can conclude that 
more sensitive (effective) strategies are likely to be cost-effective compared to less sensitive strategies, if 

 

Large hospital Small hospital

Number 
prioritised 

Number correctly 
prioritised 

Number sepsis 
not prioritised 

Number 
prioritised 

Number correctly 
prioritised 

Number 
sepsis not 
prioritised 

NEWS2 > 3_sepsis 2.73 0.82 1.70 1.50 0.45 0.94

NEWS2 > 4_sepsis 2.59 0.81 1.72 1.42 0.44 0.94

NEWS2 > 8_infection 2.38 0.79 1.73 1.31 0.44 0.95

qSOFA > 1_infection 2.17 0.77 1.76 1.19 0.42 0.96

NEWS2 > 7_sepsis 1.83 0.69 1.84 1.01 0.38 1.01

NEWS2 > 9_infection 1.72 0.66 1.87 0.95 0.36 1.02

NEWS2 > 8_sepsis 1.56 0.63 1.90 0.86 0.34 1.04

NEWS2 > 9_sepsis 1.22 0.53 2.00 0.67 0.29 1.10

NEWS2 > 10_infection 1.16 0.50 2.03 0.63 0.27 1.12

NEWS2 > 10_sepsis 0.90 0.43 2.10 0.50 0.24 1.15

NEWS2 > 11_infection 0.69 0.34 2.19 0.38 0.19 1.20

NEWS2 > 11_sepsis 0.55 0.29 2.24 0.30 0.16 1.23

TABLE 24 The number of cases prioritised with and without sepsis (and not prioritised with sepsis) at a large and a small 
hospital using each strategy (continued)



54

NIHR Journals Library www.journalslibrary.nihr.ac.uk

Decision-analytic modelling

we believe that prioritisation results in a meaningful reduction in mortality. It is also worth noting that we 
excluded the most sensitive strategies from the decision-analytic modelling on the basis that they would 
prioritise an unmanageable number of cases. These strategies would be cost-effective if prioritisation 
reduced mortality and hospitals could release resources to increase capacity for prioritisation.

Incremental analyses comparing all strategies while varying the benefit associated with prioritisation
Figure 15 provides the iNMB for all strategies assuming a willingness to pay of £20,000 per QALY. At all 
relative risks, there are multiple strategies with similar iNMB values.

The strategy with the greatest iNMB associated with prioritisation between ranges of relative risks of 
mortality is shown in Table 25 assuming a willingness to pay of £20,000 per QALY gained. The strategy 
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FIGURE 12 The threshold levels for reduction in general ward LoS and reduction in ICU LoS at which each strategy 
becomes cost-effective assuming a willingness to pay £20,000 per QALY gained compared with no prioritisation.
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willingness to pay £20,000 per QALY gained compared with no prioritisation.
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with the highest iNMB changes multiple times between a range of 0.900 and 1.000. The results suggest 
that strategies prioritising patients at relatively low thresholds of NEWS2 (> 2 or > 3) are the most cost-
effective strategies when the relative risk of mortality is 0.9–0.946. These strategies would prioritise 
large numbers of patients that would potentially exceed the capacity of the ED.

Incremental analyses comparing all strategies whilst varying the benefit associated 
with prioritisation having increased the costs of false positives
Figure 16 provides the iNMB, assuming a willingness to pay of £20,000 per QALY, for all strategies 
compared with no prioritisation assuming that the costs of false positives was increased from £124 to 
£500. The iNMBs for all strategies were noticeably reduced, with many strategies having a negative 
iNMB even at a relative risk of 0.980.

The strategy with the greatest iNMB associated with prioritisation between ranges of relative risks of 
mortality is shown in Table 26 assuming a willingness to pay of £20,000 per QALY gained. The strategy 
with the highest iNMB changes multiple times between a range of 0.900 and 1.000. This suggests that 
the findings are sensitive to our estimate of the cost of false-positive prioritisation. Strategies using 
relatively low thresholds of NEWS2 (> 2 or > 3) are not the most cost-effective at relative risk estimates 
from 0.900 to 0.946 if the cost of false positives is markedly higher than our baseline estimate.
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FIGURE 16 The iNMB compared with no prioritisation assuming a willingness to pay £20,000 per QALY gained at different 
benefits associated with prioritisation.

TABLE 25 The strategy with the greatest iNMB associated with prioritisation between ranges of 
relative risks of mortality assuming a willingness to pay of £20,000 per QALY gained

Relative risk of mortality associated with prioritisation Strategy with the highest iNMB 

0.900–0.914 NEWS2 > 2_infection

0.916–0.946 NEWS2 > 3_infection

0.948–0.962 NEWS2 > 5_infection

0.964–0.980 NEWS2 > 6_infection

0.982–0.984 qSOFA > 1_infection

0.986 NEWS2 > 7_sepsis

0.988–0.990 NEWS2 > 9_sepsis

0.992 NEWS2 > 10_sepsis

0.994 NEWS2 > 11_sepsis

0.996–1.000 No prioritisation

TABLE 26 The strategy with the greatest iNMB associated with prioritisation between ranges of 
relative risks of mortality assuming a willingness to pay of £20,000 per QALY gained

Relative risk of mortality associated with prioritisation Strategy with the highest iNMB 

0.900–0.926 NEWS2 > 6_infection

0.928–0.944 qSOFA > 1_infection

0.946–0.948 NEWS2 > 7_sepsis

0.950–0.954 NEWS2 > 8_sepsis

0.956–0.964 NEWS2 > 9_sepsis

0.966–0.974 NEWS2 > 10_sepsis

0.976–0.984 NEWS2 > 11_sepsis

0.986–1.000 No prioritisation
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Chapter 4 Discussion

Main findings

Our findings demonstrate the challenge of prehospital identification of sepsis. People with sepsis may 
have non-specific presentations,5 so sepsis could be considered as a possible diagnosis in any patient 
transported to hospital by ambulance with a medical complaint. We found that if prehospital early 
warning scores for sepsis are applied to those with non-specific presentations (using the recommended 
threshold) or all medical cases, then most would prioritise over 10% of medical cases. Prioritising a large 
proportion of cases is likely to overburden the ED and would not result in meaningful prioritisation.

Lower rates of prioritisation can be achieved if paramedics apply early warning scores selectively to 
those with a diagnostic impression of sepsis or infection. However, this approach will result in patients 
with sepsis not being prioritised. When we were able to link ambulance service data to hospital data, 
we found that only 33% of patients with the primary reference standard (sepsis-3 definition receiving 
treatment for sepsis) presented with a paramedic diagnostic impression of sepsis and only 57% 
presented with a diagnostic impression of sepsis or infection. We were therefore unable to identify 
a strategy that would prioritise a substantial majority of patients with sepsis without prioritising a 
potentially unmanageable number of patients for the ED.

While recognising that none of the strategies could be considered ideal, our findings provide useful 
comparisons between early warning scores. The NEWS2 score is widely used across NHS ambulance 
services and hospitals.49,50 Paramedics are trained to record and interpret NEWS2, and NHS prehospital 
data-collection systems often automatically calculate a NEWS2 score. NEWS2 could therefore be 
considered the default option for a prehospital early warning score for sepsis, requiring an alternative 
score to demonstrate superior accuracy. We found that NEWS2 accuracy had similar or superior accuracy 
to other early warning scores. The only exception was the SEPSIS score,24 which had a slightly higher area 
under the ROC curve when applied to non-specific presentations or all medical cases. This may reflect 
the development of the SEPSIS score using prehospital data to identify sepsis among all medical cases. 
However, the SEPSIS score was not more accurate than NEWS2 at thresholds that provided acceptable 
specificity (i.e. high enough to avoid prioritising an unmanageable number of cases). We therefore found 
no evidence that an alternative early warning score can provide better prioritisation than NEWS2.

Our findings provide diagnostic accuracy estimates for strategies that have been recommended in recent 
guidelines. The Academy of Medical Royal Colleges clinical decision support framework recommends 
that patients with evidence of infection and NEWS2 > 4 or NEWS2 > 6 should respectively receive 
treatment for sepsis within 3 hours or 1 hour of arrival.51 Our findings suggest that the sensitivity and 
positive predictive value would be 0.533 and 0.2 for the NEWS2 > 4 strategy and 0.447 and 0.274 for 
the NEWS2 > 6 strategy. The sepsis-3 guidelines recommend using evidence of infection and qSOFA > 1 
to identify potential sepsis. Our findings suggest this strategy would have sensitivity of 0.305 and 
positive predictive value of 0.356. Similar sensitivity (0.314) and positive predictive value (0.333) could 
be achieved using NEWS2 > 8 in presentations with a diagnostic impression of sepsis or infection. These 
strategies therefore provide a range of practical options that ambulance services and hospitals could 
implement based upon local capacity to handle prioritised cases.

The modelling provides insights into how many cases (overall and with sepsis) would be prioritised in 
different-size hospitals using alternative strategies. A large hospital receiving a mean of 93.5 medical 
cases per day via emergency ambulance would prioritise 6.10, 4.11 and 2.38 cases per day if patients 
with a diagnostic impression of sepsis or infection were prioritised with a NEWS2 score > 4, > 6, > 8, 
respectively. Of these, 1.32, 1.13 and 0.79 per day would have sepsis, while 1.21, 1.40 and 1.73 cases 
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with sepsis would not be prioritised. A small hospital receiving a mean of 51.3 medical cases per day via 
emergency ambulance would prioritise 3.35, 2.26 and 1.31 cases per day if patients with a diagnostic 
impression of sepsis or infection were prioritised with a NEWS2 score > 4, > 6 and > 8 respectively. Of 
these, 0.72, 0.62 and 0.44 per day would have sepsis, while 0.66, 0.77 and 0.95 cases with sepsis would 
not be prioritised.

Our efforts to determine the cost-effectiveness of alternative strategies were undermined by a 
lack of evidence or consensus regarding the effectiveness of early treatment for sepsis. There is a 
clear biological rationale for expecting early treatment to improve outcomes but existing evidence, 
summarised in Model parameterisation, was insufficient to provide a reliable estimate of effectiveness 
for the modelling. We therefore undertook threshold analyses to explore whether strategies prioritising 
patients for early treatment would be cost-effective compared to no prioritisation at a willingness-
to-pay threshold of £20,000/QALY under various assumptions regarding the effectiveness of early 
treatment. The most striking finding was that the prioritisation strategies would generally be cost-
effective even if the mortality risk reduction associated with early treatment was relatively small. All the 
strategies tested would be cost-effective, compared to no prioritisation, if the relative risk of mortality 
associated with early treatment was 0.975 (see Figure 13). Strategies with low NEWS2 thresholds (> 2 
or > 3) would be the most cost-effective if the relative risk of mortality was 0.900–0.946. The largest 
randomised trial of prehospital antibiotics for sepsis, the PHANTASi trial, reported a point estimate of 
0.95 for 28-day mortality, albeit with a 95% CI of 0.74 to 1.24.33 If we believe that prioritisation results 
in a meaningful reduction in mortality, then sensitive strategies are potentially cost-effective, although 
they will prioritise large numbers of patients that are likely to exceed the capacity of the ED to provide 
meaningful prioritisation.

These findings suggest that prioritisation strategies, including those with poor positive predictive value, 
could be cost-effective even if the mortality benefit of prioritisation was relatively small. This may reflect 
other assumptions in our model and the difficulty of estimating the true cost of prioritising people 
without sepsis. Our model assumed that the negative impact of unnecessary prioritisation was measured 
by the cost of managing a patient in a resuscitation bay rather than a general ED bay. This assumption 
implies that resources are available to increase the number of resuscitation bays and thus avoid negative 
effects on other patients who might benefit from prioritisation. If this is not possible, then the negative 
effects on other patients could be substantial and difficult to predict. Our findings were sensitive to 
variation in the potential cost of false-positive prioritisation. Strategies with a low NEWS2 threshold (> 2 
or > 3) were no longer the most cost-effective at relative risk estimates between 0.9 and 0.946 when we 
assumed the cost of false positives was markedly higher than the baseline estimate.

Comparison to other studies

We recently searched for studies validating the accuracy early warning scores for suspected sepsis in a 
prehospital population and identified 13 studies evaluating the scores included in this study.10 There was 
substantial variation in the reported results, with no consistent evidence that any score was superior to the 
others. The variation in the results may be explained by differences in study populations and outcomes, rather 
than variation in the composition of the scores. Furthermore, variation in the thresholds used in different 
studies makes comparisons difficult. A systematic review23 of hospital studies found that at established 
thresholds NEWS tended to have higher sensitivity while qSOFA tended have to higher specificity. Our study 
suggests that this difference reflects the chosen threshold. The sensitivity and specificity of NEWS2 at a 
higher threshold than usually recommended (> 8) are similar to the sensitivity and specificity of qSOFA > 1.

Two previous studies have, similarly to ours, evaluated many scores in the same study. Lane et al.17 
evaluated 21 strategies, including 14 scores, in a retrospective cohort of 12,740 adult ambulance 
transfers to the ED who had infection subsequently diagnosed in the ED. No single strategy had high 
sensitivity and specificity for classifying sepsis, but the Critical Illness Prediction score, NEWS and 
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qSOFA showed good prediction for sepsis. Smyth et al.16 evaluated eight scores in a retrospective 
cohort of 6682 adult medical cases using a reference standard of high risk of severe illness or death 
from sepsis. Three strategies appeared to offer an acceptable balance between sensitivity and PPV: 
SEPSIS > 2 (sensitivity 0.80, PPV 0.12), SIRS > 1 (sensitivity 0.80, PPV 0.08) and NEWS > 4 (sensitivity 
0.85, PPV 0.10). In common with our study, these studies did not identify any early warning score with 
clearly superior accuracy to NEWS2. More detailed comparison is limited by differences in the reference 
standard used in the different studies.

Strengths and limitations

We used a large sample of routinely recorded ambulance data from two ambulance services transporting 
patients to four NHS hospitals. The ambulance services used different approaches to recording 
paramedic diagnostic impression and the hospitals varied in size and specialist services. This allowed 
us to explore the number of presentations prioritised in different settings and using different systems. 
The linked data used to analyse early warning score accuracy involved just one hospital but was still a 
large sample with a substantial number of reference standard positive cases, allowing us to estimate the 
sensitivity of early warning scores with reasonable precision. Our sample size calculation was based on 
an assumption of 200 reference standard positive cases, whereas we actually identified 348 cases with 
the primary reference standard. Our definition of the reference standard was based on the most recent 
internationally recognised definition of sepsis1 and was adjudicated in a robust way by two independent 
clinicians identifying evidence of infection and a two-point change in the SOFA score with acceptable 
interobserver agreement.

This study has a number of limitations that need to be taken into account when interpreting the findings. 
Our rescue plan was the only viable option for completing the study within the time constraints after 
NHS Digital failed to deliver the linked data. The accuracy analysis used data from just over half the 
eligible cases transported to Sheffield, with exclusions mainly due to a lack of the patient’s NHS number. 
The eligible patients tended to be much older than those without NHS numbers, possibly reflecting more 
frequent contact with health services and hence more frequent opportunities to record the NHS number. 
Sepsis is associated with age and comorbidity, but our findings may not be generalisable to younger 
patients with no or little comorbidity. Delays caused by the COVID-19 pandemic and waiting for NHS 
Digital meant that the study data from 2019 may reflect historical practice, particularly in the use of pre-
alerts as a way of identifying how ambulance services prioritise patients in usual practice. The differences 
between ambulance services in the way diagnostic impressions are recorded makes it difficult to draw 
generalisable conclusions across different NHS ambulance services. We were only able to analyse early 
warning score accuracy using data from one hospital, thus limiting the generalisability of the findings. 
We collected data over a year to mitigate the effects of seasonality and used data from 2019 as we felt 
that this was a typical year in terms of the prevalence of respiratory pathogens (if such a thing exists), but 
rates of presentations requiring prioritisation may show marked seasonality and variation according to the 
prevalence of respiratory pathogens. Furthermore, both ambulance services provided data with a number 
of days missing, which may have limited our ability to take seasonality into account.

Our reference standard had important strengths, noted above, but also some limitations. While 
adjudicating the reference standard we noticed that the change in SOFA score often reflected the 
local effects of infection (e.g. respiratory failure in pneumonia or raised bilirubin in biliary infection) or 
an exacerbation of underlying comorbidity, rather than organ failure likely to reflect a dysregulated 
host response to infection. This reflects limitations of the sepsis-3 definition and our current inability 
to measure a dysregulated host response in clinical practice.1 The consequence of this issue is that 
our reference standard is likely to include many patients who do not have a dysregulated response to 
infection and are unlikely to benefit from early treatment. We tried to address this issue by defining 
the primary reference standard based on the sepsis-3 definition and early receipt of treatment for 
sepsis, with a secondary reference standard based on the sepsis-3 definition alone. However, 95% of 
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presentations meeting the sepsis-3 definition received early treatment for sepsis, so there was little 
difference between our primary and secondary reference standard definitions in practice. This issue 
may relate to the uncertainty identified in the decision-analytic modelling around the effect of early 
treatment upon sepsis outcomes. If the sepsis-3 definition identifies patients at risk of mortality due to 
underlying comorbidities rather than acute infection, then the effect of early antibiotic treatment will 
be attenuated.79

Widespread use of NEWS2 across the NHS may have influenced paramedic assessment of diagnostic 
impression, particularly in terms of differentiating sepsis from other infections. This may mean that 
paramedic diagnostic impression and NEWS2 scores are correlated to a degree. Use of NEWS2 in the 
ED may have prompted greater investigation for infection in patients with a higher NEWS2 scores. 
However, NEWS2 scores were not routinely recorded in the hospital records used in reference standard 
assessment, so the reference standard adjudicators were not aware of the patient’s NEWS2 (or any 
other) score.

We used decision-analytic modelling to explore the trade-off between the costs and benefits of 
different strategies for prioritising people with suspected sepsis and to determine the cost-effectiveness 
of alternative strategies. We modelled the operational consequences of using different strategies at 
small and large hospitals, but the cost-effectiveness analysis was limited by substantial uncertainty 
around the benefits of early treatment and the negative consequences of unnecessary prioritisation. 
We decided that it would not be possible to identify a credible estimate of the effectiveness of early 
treatment of sepsis that would be accepted across the spectrum of opinion on this issue, so we adopted 
an alternative approach of identifying the threshold of treatment effect at which each strategy would 
be cost-effective compared to no prioritisation. This at least allows readers with different opinions to 
interpret the findings in the light of their beliefs, for example, on the effectiveness of early treatment. 
The analysis suggested that sensitive strategies are likely to be cost-effective, if we believe that early 
treatment reduces mortality, which is seen in the strategies that produce the highest iNMB at lower 
relative risk of mortality associated with prioritisation. The cost associated with false positives was 
shown to be a key driver of results, with ‘no prioritisation’ having the highest iNMB at relative risks of 
0.996 or greater when the costs were assumed to be £124 but having the highest iNMB at relative risks 
of 0.986 or greater when the costs were increased to £500.

Our estimate of the cost of unnecessary prioritisation assumes that hospitals can find the necessary 
resources to increase capacity to handle additional prioritised cases, if additional prioritisation is cost-
effective. This assumption is unlikely to hold in practice, given the limited availability of staff with the 
necessary expertise. The more likely consequence of unnecessary prioritisation would be delays to other 
urgent cases, with extremely uncertain and unpredictable impacts. We were also unable to identify 
a credible way of estimating the impact of unnecessary prioritisation on antimicrobial resistance. We 
considered developing a more complex model to explore the effects of unnecessary prioritisation but 
decided that a more complex model would not produce robust estimates of cost-effectiveness that 
would be accepted by decision-makers. We believe that the estimates of the operational consequence 
of different strategies that we were able to produce are likely to be far more useful to decision-makers.

In retrospect, our plans for economic analysis were probably overambitious and did not reflect 
limitations in conceptual understanding of sepsis or evidence around the effect of treatment delays. 
The definition of sepsis is contested and includes patients whose risk of adverse outcome is related to 
their comorbidities rather than infection.80 As a consequence, and as we have outlined, the effect of 
urgent treatment is uncertain and likely to vary substantially across this heterogeneous patient group. 
We also underestimated the complexity of prioritisation and the impact of deteriorating performance in 
the emergency care system. The effect of prioritisation is likely to be context-dependent and related to 
the capacity of the emergency care system to respond. The effect of prioritisation on an over-stretched 
system in which patient safety is compromised is very difficult to predict.
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Implications for decision-makers

In common with other similar studies, we were unable to identify an ideal strategy that prioritised 
a substantial majority of presentations with sepsis without prioritising a potentially unmanageable 
number of presentations. Even the most accurate strategy we examined (NEWS2 alongside diagnostic 
impression of sepsis or infection) would only prioritise just over half the presentations with sepsis, while 
prioritising four patients without sepsis for every one with confirmed sepsis, although the cases without 
sepsis may benefit from prioritisation for other reasons. It is unlikely that hospitals would be able to 
manage higher rates of prioritisation, so hospitals need to ensure that failure to prioritise suspected 
sepsis does not lead to harmful delays to treatment.

Our findings can assist decision-makers to determine the consequences of implementing strategies 
advocated in sepsis guidelines. As outlined above, our findings suggest that strategies based on 
evidence of infection and NEWS2 > 4 or NEWS2 > 6 incorporated in the Academy of Medical Royal 
Colleges decision support tool offer reasonable alternatives that could optimise sensitivity (NEWS2 > 4) 
or optimise positive predictive value (NEWS2 > 6) depending on ED capacity and need to prioritise 
sepsis.51 The sepsis-3 recommendation1 to use qSOFA > 1 alongside evidence of infection offers better 
positive predictive value at the expense of sensitivity, although similar accuracy could be achieved using 
NEWS2 > 8 if additional training in using qSOFA were a barrier to implementation.

Other relevant guidelines can be compared to using NEWS2 at a specified threshold in presentations 
with a diagnostic impression of infection or sepsis. The NHS pre-alert criteria for ambulance services6 
have sensitivity of 0.429 and positive predictive value of 0.24 when applied to presentations with 
a diagnostic impression of infection or sepsis, which is inferior to NEWS > 6 applied to the same 
presentations (sensitivity 0.447, positive predictive value 0.274). The UKST Red Flag criteria8 (excluding 
skin, lactate, recent chemotherapy and urine output criteria) had sensitivity of 0.522 and positive 
predictive value of 0.209 when applied to presentations with a diagnostic impression of infection or 
sepsis, almost equivalent to NEWS2 > 4 applied to the same presentations (sensitivity 0.522, positive 
predictive value 0.216). Including the skin, lactate, chemotherapy and urine output criteria would be 
expected to increase sensitivity at the expense of positive predictive value.

Decision-makers can therefore use our findings, particularly the estimates of accuracy and operational 
consequences of using NEWS2 at thresholds of > 4, > 6 or > 8 in patients with a diagnostic impression 
of infection or sepsis, to determine an appropriate strategy for local circumstances. National guideline 
developers, such as NICE, can use the estimates to inform national guidance. However, it is worth 
noting that our estimates are based on mean values across 2019. The incidence of sepsis, and other 
conditions that lead to a diagnostic impression of infection or sepsis and NEWS2 exceeding a specified 
threshold, is likely to be influenced by seasonality and the prevalence of respiratory pathogens. Hence, it 
may be appropriate for guideline developers and decision-makers to indicate a need for flexibility in the 
choice of threshold.

Finally, our decision-analytic modelling suggested that if we believe that prioritisation of cases with 
sepsis has a meaningful effect on mortality, then more sensitive strategies are likely to be cost-effective 
compared to less sensitive strategies. This suggests that strategies with high sensitivity could be cost-
effective if capacity were available to manage increased numbers of prioritised cases. However, the 
potential benefit of prioritisation is probably inversely related to the capacity of the ED (the more limited 
ED is, the greater the need for prioritisation). The practical implications of this observation are probably 
that, if we believe that early treatment for sepsis has a meaningful effect on mortality, then it is worth 
seeking resources to increase ED capacity and reduce the risk of delayed assessment on arrival.
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Discussion

Recommendations for future research

The limitations of our study outlined above mean that it would be helpful to determine whether our 
findings are consistent across different hospitals and over time. Our experience suggests that future 
studies should not use NHS Digital to facilitate data linkage between ambulance services and hospitals. 
The most feasible alternative is likely to involve repeating the process we used at Sheffield Teaching 
Hospitals Trust across multiple sites, co-ordinated by a Clinical Trials Unit. However, it is worth noting 
that this process was facilitated by the presence of the Chief Investigator as a clinician with an honorary 
contract. Any recommendations for future research will need to take into account the barriers to using 
routine data to support research in the NHS.80 Although multicentre research is clearly desirable to 
enhance generalisability, the substantial barriers to multicentre research involving routine data need to 
be taken into account. The increased availability of NHS numbers to ambulance services mean that our 
study could be relatively quickly repeated at a single hospital and ambulance service, with a much higher 
proportion of linked cases, but repeating this process across multiple sites could be challenging.

We did not identify any strategy that could prioritise a substantial proportion of patients with sepsis 
without prioritising a potentially unmanageable number of cases. We clearly require better early warning 
scores, but further research based upon existing variables is unlikely to be helpful. We examined multiple 
alternative scores and nearly all were equivalent or inferior to NEWS2. Even the SEPSIS score, which 
was specifically developed as a prehospital early warning score for sepsis for sepsis in the NHS, only had 
marginally superior accuracy to NEWS2 in selected analyses. Improving performance is therefore likely 
to involve identifying new predictors or developing new tests for use in the prehospital setting.

Recommendations for future research need to take into account the limitations of the current sepsis-3 
definition. We noted that many cases fulfilled the sepsis-3 definition on the basis of organ failure that 
was likely to represent the direct effects of infection or exacerbation of comorbidity, rather than a 
dysregulated host response to infection. This may explain the lack of evidence we identified to estimate 
the benefit of early treatment for sepsis. If the definition of sepsis includes many patients who do not 
have a dysregulated host response to infection, then studies of early treatment for sepsis are likely 
to yield uncertain, conflicting or negative findings. Substantial research is currently developing and 
evaluating biomarkers that could clinically measure the dysregulated host response that characterises 
sepsis. This research could lead to better definition of sepsis and clinical markers that predict response 
to treatment rather than just adverse outcome (which may reflect severity of frailty and comorbidities 
rather than severity of infection or host response). In the meantime, it is important to recognise that 
research into early recognition of sepsis will be limited by the lack of a reference standard definition that 
appropriately reflects the characterisation of sepsis as a dysregulated host response to infection.

Equality, diversity and inclusion

The study design provided limited opportunities to address issues of equality, diversity or inclusion, 
which were compounded by the challenges we faced in obtaining and linking routine data. We planned 
to undertake the study across four diverse hospitals serving diverse populations but were only able to 
undertake the main analysis using linked data from one hospital. The ambulance services were able to 
provide data on ethnicity, and this raised some concerns. Ethnicity was missing from 29,005/71,204 
(41%) of the population. Among those with ethnicity recorded, the population was overwhelmingly 
white (95%). This may reflect a high proportion of white population in the participating sites (especially 
Doncaster and Barnsley) or a higher rate of missing ethnicity data for non-white populations. Either 
way, the ethnicity data limit our ability to apply our findings to minority ethnic populations. This is an 
important limitation because early warning scores are based upon variables that may differ between 
populations and ethnicity may influence paramedic diagnostic impression. Measurement of peripheral 
oxygen saturation is included in a number of early warning scores, including NEWS2, but may 
overestimate oxygenation in people of black ethnicity.81,82
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Patient and public involvement

Patient and public involvement (PPI) was invaluable to the study in ensuring that the study was 
respectful of patient dignity, autonomy and confidentiality, particularly in its use of routine data. PPI 
representatives made the following contributions to the study:

1.	 Development of the proposal. PPI representatives helped to develop the proposal through meetings 
with the lead applicant and contributed to drafting the proposal, including the plain English sum-
mary. The lead applicant also presented the proposal for discussion at a meeting of the Sheffield 
Emergency Care Forum (SECF), an established group dedicated to providing PPI for research in 
emergency care.

2.	 Development and implementation of the study protocol. PPI representatives met regularly with 
the study manager and chief investigator and attended project management group meetings. PPI 
representatives shared regular updates on the project with the wider SECF group and on the SECF 
website.

3.	 Review of early warning scores for inclusion in the evaluation. As outlined in the methods, PPI rep-
resentatives reviewed the early warning scores to determine whether their use was likely to be ac-
ceptable to the patient and the public, taking into account whether measuring or recording variables 
for the score could be intrusive for the patient, and whether the score raises concerns about equity, 
such as in relation to age, gender, ethnic group or socioeconomic status. This resulted in modifica-
tion of one of the scores to remove a variable relating to residence in a care home.

4.	 Development of the decision-analytic model. The research team presented the developing model at 
PPI meetings and identified key assumptions in the model. Discussions focused on the role of pri-
oritisation in emergency care and the use of early warning scores. The PPI representatives felt that 
prioritisation was appropriate provided it reflected need for urgent care and did not discriminate 
of the basis of personal characteristics, such as age, gender, ethnic group or socioeconomic status. 
The use of age in early warning scores was considered appropriate if it was related to need for 
urgent treatment. Other personal characteristics would not influence prioritisation as they were not 
included as (or clearly associated with) variables in the early warning scores. The PPI representatives 
contributed to consideration of the difficult issue of how to estimate the impact of unnecessary 
prioritisation upon the emergency care system. They generally supported the modelling approach of 
providing hospitals with estimates of the number of patients who would be prioritised using differ-
ent strategies, which could then inform policies at each hospital, rather than trying to find a ‘one 
size fits all’ approach.

5.	 Review of study outputs. PPI representatives reviewed the study conclusions, implications for prac-
tice and research recommendations, and considered whether these reflected the needs, preferences 
and values of patients and the public.

6.	 Co-production of public-facing material. The PPI group co-produced the Public Awareness Poster 
which was displayed at prominent locations in the ED of the Northern General Hospital. This en-
sured that the design and content of the poster was accessible and clear and led to the inclusion of 
a QR code linked to the study website.

7.	 Study oversight. The study steering committee included two PPI representatives to provide study 
oversight.

8.	 UK Sepsis Trust. The study team contacted the UKST several times to seek PPI representatives to 
join the PPI group. Following an initially positive response, we were unable to identify representa-
tives to join the PPI group.

9.	 NHS Digital. The PPI representatives expressed their concerns that the failure of NHS Digital to 
provide data linkage had substantially undermined the study. They reported similar experiences 
with other studies and raised concerns that difficulties using NHS data were creating substantial 
barriers to research and were not in patients’ or the public interest.
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Chapter 5 Conclusions

We were unable to identify an ideal strategy for prehospital prioritisation of patients with possible 
sepsis that would prioritise a substantial majority of those with sepsis without prioritising a 

potentially unmanageable number of patients. Using NEWS2 in patients with a diagnostic impression 
of infection or sepsis could offer practical (albeit suboptimal) options for prioritisation, with sensitivity 
and positive predictive value ranging from 0.522 and 0.216 with NEWS2 > 4, to 0.447 and 0.274 with 
NEWS2 > 6, or 0.314 and 0.333 with NEWS2 > 8. NEWS2 has the advantage of being widely used and 
understood in the NHS and increasingly integrated into ambulance and hospital information systems. 
None of the other early warning scores, which would require additional measures to implement, offered 
any meaningful improvement on NEWS2.
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Appendix 1 Categorisation of diagnostic 
impressions in each ambulance service
Category West Midlands Ambulance Service Yorkshire Ambulance Service 

1 Sepsis, cold sepsis Sepsis

2 Cellulitis, wound infection, acute otitis media, 
acute bacterial sinusitis, quinsy, tonsillitis, abscess, 
cellulitis, hepatitis, HIV, influenza, meningitis, 
pyrexia of unknown origin, TB, tonsillitis, UTI, viral, 
bronchiolitis, bronchitis, chest infection, pneumonia, 
pyelonephritis

Cold and flu, febrile illness, meningitis, pyrexia of 
unknown origin, chest infection-pneumonia, UTI

3 Hypotension, tachycardia, undetermined rash, 
dermatology (other), sore throat, abdominal pain, 
appendicitis, cholecystitis, diarrhoea, diverticulitis, 
pancreatitis, vomiting, Addison’s disease, coma, 
convulsion, headache, COPD, emphysema, pleuritic 
chest pain, respiratory (other), haematuria, renal colic, 
retention, urological (other), unable to determine, 
generalised weakness, faint (vaso vagal)

Catheter problems, COPD, convulsion/fitting, 
collapse-reason unknown, confused/distressed/
upset, diarrhoea/constipation, dizzy/near faint/
loss of co-ordination, shortness of breath, generally 
unwell, haematuria, headache, hypotension, other 
medical condition, urinary retention, shock (hypovo-
lemic), transient loss of consciousness, unconscious, 
vomiting

4 Cancer (other), acute coronary syndrome, atrial 
fibrillation, bradycardia, cardiac arrest, dysrhythmia, 
heart failure, hypertension, STEMI, supraventricular 
tachycardia, cardiac (other), eczema, pressure sores, 
thrombophlebitis, ulcer, urticaria, epistaxis, vertigo, 
ENT, acid reflux, Crohn’s disease, GI bleed, haemate-
mesis, malena, obstruction, PR bleed, ulcerative 
colitis, anaphylaxis, hyperglycaemia, hyperthyroidism, 
hypoglycaemia, hypothyroidism, lupus, endocrine, 
hearing impairment, dyslexia, dyspraxia, dyscalculia, 
dysgraphia, dysphasia/aphasia, auditory processing 
disorder, visual processing disorder, ADD/ADHD, 
autism, Asperger’s syndrome, arthritis, back pain, 
carpal tunnel, tendonitis, Alzheimer’s, epilepsy, 
migraine, motor neurone disease, multiple sclerosis, 
Parkinson’s disease, stroke, subarachnoid haem-
orrhage, TIA, neurological (other), conjunctivitis, 
corneal abrasion, foreign body in eye, loss of vision, 
eye pain, ophthalmology (other), overdose, intoxica-
tion, asthma, haemopneumothorax, haemothorax, 
pneumothorax, pulmonary embolism, aortic aneu-
rysm, DVT, limb ischaemia, vascular (other), visual 
impairment, deceased

Abdominal pain, alcohol related, allergic reaction/
rash, anaphylactic shock, AAA, asthma, bite/sting, 
bleeding PR, bleeding PV, cardiac arrest, cardiac 
STEMI, cardiac chest pain (ACS), cardiac NSTEMI, 
choking, carbon monoxide poisoning, dental, drug 
overdose, end of life care/palliative, epileptic fit, epi-
staxis, eye injury/eye problem, falls, gynaecological, 
haematemesis, haemoptysis, haemorrhage/lacera-
tions, hyperglycaemia, hypertension, hypoglycaemia, 
neurological problems, pain – back non-traumatic, 
pain – other, panic attack, poisoning, pulmonary 
embolism, rape/sexual assault, pneumothorax (spon-
taneous), renal problems/colic, respiratory arrest, 
seizures (non-EP), smoke inhalation, solvent related, 
stroke – FAST positive, unable to cope, no injury 
or illness, cardiac arrhythmia, vascular emergency 
(non-AAA), Dead on EMS arrival – signs inconsistent 
with life, resuscitation unsuccessful

5 Eclampsia, ectopic, hyperemesis, labour, miscarriage, 
pregnancy, PV bleed, child birth, obstetric (other), 
schizophrenia, depression, bipolar disorder, anxiety 
disorder, OCD, eating disorder, personality disorder, 
dementia, brain injury, Alzheimer’s, schizoaffective 
disorder, chemical, biological, radiological, nuclear 
explosive, burns/scalds, drowning, electrocution, 
hyperthermia, hypothermia, immersion, inhalation, 
asphyxiation, environmental (other), bite, sting, 
gunshot, stabbing, inflicted (other), blunt trauma, 
crush injury, C-spine injury, dislocation, fracture 
closed, fracture open, head injury, multiple injuries, 
muscular, penetrating, sprain/strain, injury (other)

Burns, drowning, electrocution, fracture/possible 
fracture, hanging, head injury, major trauma, minor 
cuts and bruising, minor injuries – other, multiple 
injuries, obstetric – BBA, obstetric – birth imminent, 
obstetric – miscarriage, obstetric – normal labour, 
obstetric – premature labour, obstetric emergency 
(other), psychiatric problems, spinal injury, sprain/
strain/dislocation, stabbed/shot/weapon wound, 
wound closure, non-accidental injury
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Appendix 2 Search strategy to identify early 
warning scores for evaluation

W 
e used the search strategy from Goodacre et al. to identify early warning scores for evaluation.10

1.	 Ambulances/
2.	 Air ambulances/
3.	 Paramedic*
4.	 “Emergency service*” [Title/Abstract]
5.	 Allied health personnel/
6.	 Emergency medical technicians/
7.	 “Out of hospital”
8.	 “Emergency medical service*”
9.	 EMS
10.	 Prehospital [Title/Abstract]
11.	 Emergency treatment/
12.	 “Transportation of patients”/
13.	 EMT
14.	 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13
15.	 Sepsis/
16.	 Septicemia*
17.	 Septicaemia*
18.	 Sepsis
19.	 Septic
20.	 Systemic inflammatory response syndrome/
21.	 “Systemic inflammatory response syndrome” [Title/Abstract]
22.	 SIRS
23.	 “Serious infection*” [Title/Abstract]
24.	 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23
25.	 Risk assessment/ classification
26.	 Risk assessment/ methods*
27.	 Point-of-care systems/
28.	 Severity of illness index/
29.	 EWS [Title/Abstract]
30.	 “Early warning scoring” [Title/Abstract]
31.	 “Early warning” [Title/Abstract]
32.	 “Warning system*” [Title/Abstract]
33.	 “Warning scoring*” [Title/Abstract]
34.	 “Early detection” [Title/Abstract]
35.	 Prediction [Title/Abstract]
36.	 “Screening tool*” [Title/Abstract]
37.	 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36
38.	 14 and 24 and 37
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Appendix 3 Details of each early warning 
score
90-30-9029

Dichotomous assessment, positive if any of the following criteria are met:

1.	 systolic BP < 90 mmHg;
2.	 respiratory rate > 30/minute;
3.	 oxygen saturation < 90%.

Modification:

If the oxygen saturation is measured on supplemental oxygen, it is assumed to be < 90% on air (i.e. the 
criterion is positive).*

Missing data:

Assume any missing criterion is negative/normal.

The Borrelli strategy:27

Dichotomous assessment, positive if three or more criteria are met:

•	 respiratory rate > 20/minute;
•	 heart rate > 90/minute;
•	 systolic BP < 90 mmHg;
•	 documented fever or temperature > 38.3°C or < 36°C;
•	 new onset of mental status change;
•	 O2 saturation < 90%;
•	 suspected infection.

Modification:

Documented fever or temperature > 38.3°C or < 36°C, is effectively just temperature > 38.3°C or 
< 36°C.

New onset of mental status change assumed if the GCS verbal scale is < 5. If the GCS verbal scale is 
missing, then mental status change is assumed if GCS < 15 or AVPU <A.

If the oxygen saturation is measured on supplemental oxygen, it is assumed to be < 90% on air (i.e. the 
criterion is positive).

Missing data:

Assume any missing variable is negative.

CIS.30
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Score 0 1 2 

Respiratory rate 12–23 < 12 or 24–35 > 35

Heart rate < 120 ≥ 120

Systolic BP > 90 ≤ 90

Age < 45 ≥ 45

SpO2 ≥ 88 < 88

GCS 15 8–14 < 8

Thresholds of > 4 or > 0 are suggested, depending upon whether specificity or sensitivity is to 
be optimised.

Modification:

If the oxygen saturation is measured on supplemental oxygen, it is assumed to be < 88% on air (i.e. 
scores 1 point).

Missing data:

Assume any missing variable scores zero.

HEWS.31

Score 3 2 1 0 1 2 3 

Respiratory rate < 8 8–13 14–20 21–30 > 30

Oxygen saturation < 85 85–91 > 91

Heart rate < 40 40–50 51–100 101–110 111–130 > 130

Systolic BP < 70 71–90 91–170 171–200 > 200

Temperature < 35.0 35.1–36.4 36.5–38.0 38.1–39.0 > 39.0

Neurology Alert Voice Pain Unresponsive

Air or oxygen Air ≤ 5 l/minute or  
≤ 50% by mask

> 5 l/minute 
or > 50% by 
mask

a CAM positive removed as not routinely recorded.

Threshold > 4

Modification:

If AVPU is missing, infer from GCS.

If on oxygen but amount unknown, score 2 points.

Missing data:

Assume any missing variable scores zero.

MEWS.13
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MEWS has five parameters, each of which is scored from 0 to 2 or 3, providing an overall score between 
0 and 14.

Score 3 2 1 0 1 2 3 

Respiratory rate < 9 9–14 15–20 21–29 ≥ 30

Heart rate ≤ 40 41–50 51–100 101–110 111–129 ≥ 130

Systolic BP ≤ 70 71–80 81–100 101–199 ≥ 200

Temperature < 35.0 35.0–38.4 ≥ 38.5

AVPU Alert Voice Pain Unresponsive

A threshold of 5 or more has been shown to be associated with an increased risk of death.

Modification:

If AVPU missing, infer AVPU from GCS.

Missing data:

Assume any missing variable scores zero.

NEWS2.14

The NEWS2 has seven parameters, each of which is scored from 0 to 3, providing an overall score 
between 0 and 20.

Score 3 2 1 0 1 2 3 

Respiratory rate ≤ 8 9–11 12–20 21–24 ≥ 25

Oxygen saturation ≤ 91 92–93 94–95 ≥ 96

Heart rate ≤ 40 41–50 51–90 91–110 111–130 ≥ 131

Systolic BP ≤ 90 91–100 101–110 111–219 ≥ 220

Temperature ≤ 35.0 35.1–36.0 36.1–38.0 38.1–
39.0

≥ 39.1

Neurology Alert Confusion, 
voice, pain, 
unresponsive

Air or oxygen Oxygen (based on 
FiO2 > 21%,  
or FiO2 > 0 l/minute)

Air

We will not use the scale for patients with confirmed hypercapnic respiratory failure.

Modification:

If AVPU is missing, infer AVPU from GCS.

Missing data:

Assume any missing variable scores zero.
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National Health Service pre-alert.32

Pre-alert if any of the following are present:

•	 respiratory rate ≤ 8 or ≥ 25;
•	 O2 saturations on oxygen < 92% (patients usually running normal oxygen saturations) or < 4% 

(patients with chronic hypercapnic respiratory failure);
•	 systolic < 90 mmHg OR downward-trending systolic where symptomatic;
•	 tachycardia ≥ 131;
•	 GCS motor < 4.

Sepsis red-flag criteria evaluated as part of UKST criteria.

Modification:

Drop < 84% oxygen saturation threshold for patients with chronic hypercapnic respiratory failure.

Drop downward-trending systolic where symptomatic.

Missing data:

Assume any missing criterion is negative.

Prehospital ANTibiotics Against Sepsis (PHANTASi).33

Dichotomous assessment, positive if both the following criteria are met:

1.	 Temperature > 38°C or < 36°C;
2.	 Heart rate > 90 beats per minute or respiratory rate > 20/minute.

Modification:

None required.

Missing data:

Assume any missing variable is negative/normal.

PITSTOP.34

Dichotomous assessment, positive if all the following three criteria are met:

1.	 paramedic suspects possible infection
2.	 temperature ≥ 38.0°C
3.	 systolic BP < 100 mmHg.

Modification:

None required.

Missing data:
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Assume any missing criterion is negative/normal.

PreSAT.35

Dichotomous assessment, positive if both the following criteria are met:

1.	 presentation suggestive of infection
2.	 any two from (1) temperature > 38°C or < 36°C, (2) heart rate > 90/minute, (3) respiratory 

rate > 20/minute, (4) systolic BP < 90 mmHg.

Modification:

None required.

Missing data:

Assume any missing variable is negative/normal.

PRESEP.25

Parameter Score 

Temperature > 38°C 4

Temperature < 36°C 1

SaO2 < 92% 2

RR > 22 breaths/minute 1

HR > 90 beats/minute 2

BP < 90 mmHg 2

Recommended threshold > 3

Modification:

If the oxygen saturation is measured on supplemental oxygen, it is assumed to be < 92% on air (i.e. score 
2 points).

Missing data:

Assume any missing variable scores zero.

PRESS.26

The score is only applied to patients meeting all three of the following criteria, so patients not meeting 
these criteria should score zero:

•	 heart rate > 90/minute
•	 respiratory rate > 20/minute
•	 systolic blood pressure BP < 110 mmHg.
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Score 0 1 2 3 4 5 

Age < 40 ≥ 60 40–59

SpO2 ≥ 90 80–89 70–79 60–69 < 60

Systolic BP 100–109 90–99 80–89 70–79 60–69 < 60

Hot tactile temperature X

ED chief concern: sick person X

Nursing home transport X

Threshold > 1.

Modification:

If the oxygen saturation is measured on supplemental oxygen, it is assumed to be < 90% on air and 
scored 2 points.

Infer hot tactile temperature from recorded temperature > 38°C.

Drop ED chief concern sick person – address this through diagnostic impression.

Drop nursing home transport.

Missing data:

Assume any missing variable scores zero.

Prehospital Sepsis Project (PSP).36

Parameter Score 

Temperature > 38°C 1

Heart rate/systolic BP ≥ 0.7 2

Respiratory rate > 22/minute 1

Low risk = 0–1 point, moderate risk = 2 points, high risk = 3–4 points.

Modification:

None required.

Missing data:

Assume missing temperature or respiratory rate scores zero.

Assume heart rate/systolic BP scores zero unless either (1) heart rate is > 100 and systolic BP is missing, 
or (2) systolic BP is < 100 and heart rate is missing.

qSOFA.19
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Parameter Score 

GCS < 15 1

Respiratory rate ≥ 22 1

Systolic BP ≤ 100 1

Total score 0–3.

Low risk = 0 or 1.

High risk = 2 or 3.

Modification:

None required.

Missing data:

Assume any missing variable scores zero.

REMS.12

Score 0 1 2 3 4 5 6 

Age < 45 45–54 55–64 65–74 > 65

MAP 70–109 50–69 or 110–129 130–159 > 159 or 
< 50

Heart rate 70–109 55–69 or 110–139 40–54 or 140–179 < 179 or 
< 40

Respiratory rate 12–24 10–11 or 25–34 6–9 35–49 < 6 or > 49

SpO2 (%) > 89 86–89 75–85 < 75

GCS > 13 11–13 8–10 5–7 3–4

High risk (REMS ≥ 3): patient may need aggressive treatment.

Low risk (REMS < 3): patient may be appropriate to triage for routine treatment.

Modification:

If the oxygen saturation is measured on supplemental oxygen, it is assumed to be < 89% on air and 
scored 2 points.

Missing data:

Assume any missing variable scores zero.

Robson Screening Tool (RST).18

Dichotomous assessment, positive if presentation suggestive of infection and any two of:

1.	 temperature > 38.3°C or < 36°C
2.	 heart rate > 90 beats/minute



88

NIHR Journals Library www.journalslibrary.nihr.ac.uk

Appendix 3 

3.	 respiratory rate > 20 breaths/minute
4.	 acutely altered mental status
5.	 plasma glucose > 6.6 mmol/l (unless diabetic).

Modification:

Criterion 5 applies regardless of whether they are diabetic.

Acutely altered mental status change assumed if the GCS verbal scale is < 5. If the GCS verbal scale is 
missing, then acutely altered mental status is assumed if GCS < 15 or AVPU = A.

Missing data:

Assume any missing criterion is negative.

SEPSIS24

Parameter −1 0 1 2 

Age ≤ 60 > 60

Respiratory rate ≤ 20 or > 60 21–40 40–60

SpO2 ≥ 94 < 94

Heart rate ≤ 100 101–140 141–160

Systolic BP > 160 < 60 or 
100–160

60–99

GCS 13–15 3–12

Temperature < 37.5 37.5 to 39.5 > 39.5

Skin Jaundice, pallor, mottling

High risk if score > 4.

Modification:

Skin features dropped from the score (not recorded on ePFR).

Missing data:

Assume any missing variable scores zero.

Give 1 point if SpO2 > 94% on oxygen.

Sepsis alert.37

At least two SIRS criteria:

•	 Temperature > 38°C or < 36°C
•	 Pulse > 90 beats/minute
•	 Respiratory rate > 20 breaths/minute or mechanically ventilated.
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And

Suspected or documented infection

And

Hypoperfusion, as manifested by one of the following:

•	 systolic BP < 90 mmHg
•	 mean arterial pressure < 65 mmHg
•	 lactate level ≥ 4 mmol/l.

Modification:

Drop lactate level ≥ 4 mmol/l.

Missing data:

Assume negative if missing.

Simple Triage Scoring System (STSS)11

Parameter Score 

Age > 65 years 1

Altered mental status 1

Respiratory rate of > 30 breaths/minute 1

Low oxygen saturation 1

Shock index of > 1 (heart rate > systolic BP) 1

Modification:

Altered mental status change assumed if the GCS verbal scale is < 5. If the GCS verbal scale is missing, 
then altered mental status is assumed if GCS < 15 or AVPU < A.

Score 1 point for low oxygen saturation if oxygen saturation is < 94% or measured on 
supplemental oxygen.

Missing data:

Assume any missing variable scores zero.

Suffoletto strategy.38

Dichotomous assessment, positive if any of the following criteria are met:

•	 systolic BP < 100 mmHg
•	 history or suspicion of fever
•	 prehospital judgement of infection.



90

NIHR Journals Library www.journalslibrary.nihr.ac.uk

Appendix 3 

Modification:

Infer history or suspicion of fever from temperature > 38°C.

Missing data:

Assume any missing criterion is negative.

UK Sepsis Trust Red Flags.39,83

Any of the following gives a positive score:

•	 objective evidence of new or altered mental state
•	 systolic BP ≤ 90 mmHg (or drop of > 40 from normal)
•	 heart rate ≥ 130/minute
•	 respiratory rate ≥ 25/minute
•	 needs O2 to keep SpO2 ≥ 92% (88% in COPD)
•	 non-blanching rash/mottled/ashen/cyanotic
•	 lactate ≥ 2 mmol/l
•	 recent chemotherapy
•	 not passed urine in 18 hours.

Modification:

New or altered mental state assumed if the GCS verbal scale is < 5. If the GCS verbal scale is missing, 
then new or altered mental state is assumed if GCS < 15 or AVPU < A.

Drop BP change from normal and just use systolic BP ≤ 90 mmHg.

Simplify O2 criteria to SpO2 < 92% or measured on supplemental oxygen.

Drop non-blanching rash/mottled/ashen/cyanotic.

Drop lactate ≥ 2 mmol/l.

Drop recent chemotherapy.

Drop not passed urine.

Missing data:

Assume any missing criterion is negative.
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Appendix 4 Timeline for seeking linked data 
from NHS Digital

The table below outlines the timeline for seeking linked data from NHS Digital. Our original plan 
involved securing HRA, CAG and REC approval during the first 6 months of the project, concurrently 

agreeing the NHS Digital specification in months 4–6, and receiving the linked data in months 7–9. Our 
submissions to HRA, CAG and the REC were slightly delayed and approvals were received in month 7. 
We started work on the NHS Digital specification alongside HRA submission and shared the initial DARS 
application with NHS Digital in month 8.

From month 7 to month 9 of the project, the Chief Investigator and Study Manager started work on a 
prioritised urgent public health study (PRIEST, the Pandemic Respiratory Infection Emergency System 
Triage study). In agreement with NIHR, we suspended the Prehospital Early Warning Scores for Sepsis 
(PHEWS) study from March to December 2020 to allow the study team to prioritise the PRIEST study. 
Allowing for time taken to wind down and then restart the study, the project timeline was effectively set 
back by 1 year, with January 2021 becoming month 7.

We submitted the DARS application to NHS Digital in January 2021 (effectively month 7). The study 
team responded to queries from NHS Digital over the next 3 months, but NHS Digital unexpectedly 
rejected the application in May 2021 after they raised new concerns about the risk associated with the 
planned flow of their data to multiple organisations. NHS Digital had not raised these concerns when 
we shared the initial draft of the application with them in February 2020 nor when we submitted the 
application in February 2021.

NHS Digital reported concerns that sending linked data to the four hospital sites involved an 
unacceptable risk to them. We therefore revised the proposed data flow so that NHS Digital would send 
all linked data to Sheffield CTRU, who would then send relevant NHS numbers to the participating sites 
for reference standard review. We rapidly developed this proposal, submitted a substantial amendment 
to the HRA, and received approval from the HRA (including CAG and REC review) on 17 June 2021. 
NHS Digital reviewed the revised DARS application, approved the application on 7 August 2021, and 
provided a Data-Sharing Agreement on 22 September 2021. The total time from DARS submission to 
provision of the Data-Sharing Agreement was therefore 8 months.

The University of Sheffield signed the Data-Sharing Agreement after a 3-week delay and there was a 
further delay until 13 December while the ambulance services submitted data to NHS Digital (total delay 
of 3 months).

On 7 January 2022 the study team identified a data breach, whereby Yorkshire Ambulance Service 
had sent data to NHS Digital from all patients transferred to hospital rather than just those transferred 
to the participating hospitals. NHS Digital reported that data linkage had not commenced and on 31 
January confirmed that they had deleted the data from patients transported to non-participating sites.

From this point onwards, the study team were waiting for NHS Digital to deliver the linked data. In 
response to requests for updates, NHS Digital reports a backlog of requests to their Data Production 
Team. A scheduled release date of 19 May 2022 passed without data release.

In June 2022 the study team recognised that the lack of NHS Digital data had become a critical threat to 
the delivery of the project. NIHR had agreed an 18-month extension to the project to reflect the delays 
due to the pandemic and due to not receiving NHS Digital data but was unable to allow any further 
extension beyond the new end date of 31 December 2022. We therefore developed a rescue plan that 
would allow completion of the project at the lead NHS site (Sheffield) using direct data linkage between 
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the ambulance service and hospital rather than NHS Digital. We developed substantial amendment 3 
to include the rescue plan, which the HRA approved in July 2022. On 19 September 2022 we decided 
to formally activate the rescue plan and withdraw the NHS Digital application, after the 9-month delay 
waiting for the linked data.

In retrospect, our original timelines were extremely overoptimistic. Although we developed the DARS 
application concurrent with HRA submission, we could not submit it until we received HRA, CAG and 
REC approvals. The subsequent 8-month delay between DARS submission and provision of the Data-
Sharing Agreement reflects the need for NHS Digital to have robust review processes and the potential 
for rejection and reapplication. Future projects should allow at least 12 months for regulatory approvals 
and NHS Digital review of the DARS application.

The subsequent delay and failure to deliver linked data are more difficult (and potentially impossible) to 
accommodate in a time-limited contract-funded research project. After 9 months we had received no 
data nor any indication of when the data would be delivered. The funder was understandably unwilling 
to extend the research contract under these circumstances, so our only option was to withdraw the 
DARS application and implement our rescue plan. It is possible that the delay and ultimate failure 
to deliver data reflects exceptional circumstances following the COVID-19 pandemic. However, our 
experience suggests that using NHS Digital data is not a viable option for future time-limited contract-
funded research projects.

TABLE 27  Timeline for seeking linked data from NHS Digital

Date Event 

13 January 2020 HRA, REC and CAG approvals secured

February 2020 Initial draft of DARS application shared with NHS Digital and feedback 
received

March 2020 Study suspended due to COVID-19 pandemic

January 2021 Study reactivated and DARS application submitted to NHS Digital

4 February 2021 to 11 March 2021 Study manager receives queries from NHS Digital about the applica-
tion and responds to queries

20 April 2021 NHS Digital raise concerns about sending data to multiple recipients

7 May 2021 NHS Digital reject DARS application on the basis that it is too high risk 
for them to send data to multiple recipients

24 May 2021 Study team submit substantial amendment 2 to HRA outlining 
alternative data flow

8 June 2021 Study team submit amended DARS to NHS Digital with amended data 
flow so that all NHS Digital data go to Sheffield CTRU

17 June 2021 HRA approval received for substantial amendment 2

June–July 2021 Study manager receives queries from NHS Digital about the applica-
tion and responds to queries

15 July 2021 NHS Digital confirm that the DARS application has been passed to a 
Senior Case Officer for review

9 August 2021 NHS Digital approve DARS application subject to conditions

13 August 2021 Study manager responds to conditions

24 August 2021 NHS Digital approval of DARS application

22 September 2021 NHS Digital provide Data-Sharing Agreement for signing
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Date Event 

15 October 2021 Sheffield University sign off Data-Sharing Agreement

13 December 2021 Ambulance services complete submission of data to NHS Digital

7 January 2022 Study manager contacts NHS Digital to advise of ambulance service 
data breach

31 January 2022 NHS Digital confirm that data for transfers to non-participating 
hospitals have been deleted

1 April 2022 Study manager asks NHS Digital to provide a date when linked data 
will be issued

19 April 2022 NHS Digital Data Production Team report a backlog of applications but 
state that the PHEWS data are scheduled for release on 19 May 2022

20 May 2022 Study manager contacts NHS Digital as no data were received

23 May 2022 NHS Digital respond that the Data Production Team have a backlog 
and release of the PHEWS data will be delayed

June–July 2022 Study manager requests further updates on when the data will be 
released but receives no confirmed date

6 July 2022 Substantial amendment 3 submitted to HRA with the option of the 
rescue plan, if NHS Digital fails to deliver linked data

26 July 2022 HRA approve substantial amendment 3

August–September 2022 Practicalities of implementing the rescue plan explored with Sheffield 
Teaching Hospitals NHS Trust

19 September 2022 Rescue plan implemented and NHS Digital informed that the DARS 
application has been withdrawn

TABLE 27 Timeline for seeking linked data from NHS Digital  (continued)
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