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Summary
Background Sepsis is a common and serious condition, defined as a dysregulated host response to infection, that 
leads to life-threatening organ dysfunction. In emergency department settings, accurate diagnosis can be challenging, 
as many non-infectious conditions have similar presenting features and there is no gold standard diagnostic test, 
which can lead to misdirected use of antibiotics. Procalcitonin is a well characterised biomarker that responds rapidly 
and with high specificity to the presence of bacterial infection. We aimed to investigate whether supplementing 
current practice with rapid procalcitonin testing would improve recognition of sepsis and allow reduced antibiotic 
prescribing with at least no change in overall mortality. 

Methods A parallel, two-arm, open-label, individually randomised controlled trial was done in 20 hospital emergency 
departments within 17 National Health Service (NHS) Trusts or Health Boards across England and Wales. Patients 
aged 16 years and older with suspected sepsis were randomly assigned to either usual care or procalcitonin-guided 
care in a 1:1 ratio via a centrally controlled web-based randomisation programme. Participants, research staff, those 
assessing outcomes, and statisticians analysing the data were not masked to group assignment. Participants in the 
usual care group were assessed according to standard clinical management based on National Early Warning Score 2 
(NEWS2). In the procalcitonin-guided care group, rapid procalcitonin testing was used in combination with NEWS2 
assessment by use of a guidance-only algorithm for clinicians. This algorithm for clinical management was used for 
both usual care and procalcitonin-guided care groups and clinicians were free to use, ignore, or deviate from the 
algorithm. The co-primary endpoints were intravenous antibiotic initiation at 3 h (superiority) and 28-day mortality 
(non-inferiority) from triage assessment, assessed in all randomly assigned consenting participants with data for both 
co-primary outcomes available. Non-inferiority was concluded for 28-day mortality if the upper bound of the 90% CI 
was below a 2·5% margin on the risk difference scale. All patients who were randomly assigned to one of the 
two groups and who consented to data collection at baseline were included in adverse event analysis for the period 
they were included in the study. The study was registered with ISRCTN (ISRCTN54006056) and is complete.

Findings Between Nov 20, 2020, and Nov 1, 2023, a total of 7667 patients were recruited and randomly assigned to the 
usual care group (n=3836) or the procalcitonin-guided care group (n=3831). 5453 patients (2748 female, 2703 male, 
1 non-binary, 1 data for gender missing) were included in the primary analysis population (2715 usual care, 
2738 procalcitonin-guided care). The last 28-day follow-up was on Nov 29, 2023. There was no difference in intravenous 
antibiotic initiation at 3 h from triage assessment between the two groups: 48·4% (1325/2738 participants) in the 
procalcitonin-guided care group versus 48·2% (1308/2715 participants) in the usual care group (adjusted risk 
difference –0·08 percentage points, 95% CI –2·58 to 2·42; p=0·95). Mortality at 28 days was lower in the procalcitonin-
guided care group: 13·6% (372/2738 participants) in the procalcitonin-guided care group versus 16·6% 
(450/2715 participants) in the usual care group (adjusted risk difference –3·12 percentage points, 90% CI –4·68 to –1·57; 
p=0·0009). The upper bound of the 90% CI was below the non-inferiority margin of 2·5 percentage points and the point 
of no effect, implying both non-inferiority and superiority at the one-sided 5% level. In the primary analysis population, 
the procalcitonin test result was considered in clinical decision making in 64·7% (1771/2738) of participants in the 
procalcitonin-guided care group. Improved mortality was not explained by findings of planned subgroup, sensitivity, or 
secondary analyses. A total of 180 adverse events were recorded, 53·3% (96 events in 57 [1·9%] of 2968 participants) in 
the usual care group and 46·7% (84 events in 66 [2·2%] of 3042 participants) in the procalcitonin-guided care group. One 
(<1%) of 2042 participants in the procalcitonin-guided care group reported a serious adverse event probably or definitely 
attributable to the procalcitonin test. 
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Interpretation Making a procalcitonin-guided algorithm available to clinicians in emergency departments did not 
change intravenous antibiotic initiation at 3 h in patients managed as suspected sepsis, but a decrease in 28-day 
mortality was seen and further research is needed to understand this finding.
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Introduction
Sepsis is defined as life-threatening organ dysfunction 
caused by a dysregulated host response to infection1 and is 
a medical emergency requiring prompt antimicrobial 
therapy and physiological support. Delivering high-quality 
sepsis care in an emergency department setting remains 
challenging despite over 25 years of international 
guidance.2 Physiological-based scoring systems such as 
the Quick Sepsis Related Organ Failure Assessment 
(qSOFA) or National Early Warning Score 2 (NEWS2) 
have replaced systemic inflammatory response syndrome 
(SIRS) as screening tools, but these are non-specific and 
no gold standard diagnostic test exists. In an emergency 
department context, there is often diagnostic uncertainty, 

but delays in treatment have been shown to lead to poorer 
outcomes.3 The non-specific clinical presentation of sepsis 
is exacerbated by heterogeneous infection presentations 
(including non-bacterial causes) and many non-infection 
sepsis mimics, leading to recommendations that where 
sepsis is suspected prompt treatment should begin.2,4 In 
line with international recommendations, UK National 
Institute for Health and Care Excellence (NICE) sepsis 
guidelines mandate the administration of intravenous 
antibiotics within 1 h to patients assessed to be at high risk 
for deterioration, admission to an intensive care unit 
(ICU) or high-dependency unit (HDU), or death.4 
However, up to 30% of patients initially managed as sepsis 
in the emergency department do not have a discharge 

Research in context

Evidence before this study
In 2015, the UK National Institute for Health and Care 
Excellence (NICE; Westwood and colleagues) did a systematic 
review and cost-effectiveness analysis to evaluate the role of 
procalcitonin to guide antibiotic treatment of sepsis in 
intensive care settings and for suspected bacterial infection in 
emergency department settings. Although the review 
concluded that the addition of a procalcitonin algorithm 
could be a viable strategy to reduce antibiotic exposure and 
potentially reduce length of hospital stay, it showed 
heterogeneity in trial design and study populations. In 
particular, studies in emergency departments were heavily 
biased to those with a respiratory presentation rather than 
broader suspected bacterial infection and sepsis. We searched 
PubMed using the terms “sepsis” AND “procalcitonin” for 
systematic reviews or meta-analyses published between 
Jan 1, 2016, and Nov 30, 2024. The search was limited to 
publications in English. No formal appraisal of quality was 
undertaken. Updated reviews and patient-level meta-analyses 
from Wirz and colleagues (2018), Meier and colleagues 
(2019), Evans and colleagues (2021), and Papp and colleagues 
(2023 have reported mixed results—including potential for 
reduction in antibiotic prescribing and reduction of mortality 
in the intensive care setting and in subsets of sepsis patients 
with confirmed bacteraemia—but have not definitively shown 
the benefits of early biomarker-guided care. International 
sepsis guidance (including UK guidance) continues to 
recommend against adoption of procalcitonin in combination 
with clinical assessment for antibiotic initiation in suspected 
sepsis due to low quality of evidence and unclear costs to 

health systems. Addressing the role of biomarkers in the early 
identification and management of sepsis remains a high 
research priority.

Added value of this study
To the best of our knowledge, the PRONTO trial is the largest 
randomised controlled trial to evaluate the use of a 
procalcitonin-guided algorithm in the management of adults 
(16 years and older) presenting to emergency departments with 
suspected sepsis. The trial was designed to be as inclusive as 
possible, with a deferred consent model to ensure maximum 
participation across a range of disease severities and to 
minimise the impact of research-specific procedures. 
Procalcitonin testing was incorporated in an algorithm with 
clinical assessment that clinicians were free to use or ignore. 
The results confirmed that the procalcitonin-guided algorithm 
did not reduce intravenous antibiotic initiation at 3 h, but 
resulted in an a 3·12% absolute risk reduction in 28-day 
mortality, which persisted to 90 days.

Implications of all the available evidence
Adjustments to clinical management driven by the 
procalcitonin-guided algorithm do not fundamentally alter 
antibiotic initiation frequencies, but our findings indicate that 
they can improve short-term mortality rates. The evidence 
supports the value of early and rapid diagnostics and indicates a 
need for further biomarker and algorithm development. Uptake 
of procalcitonin-guided care into health systems will depend on 
greater understanding of the mechanism of effect, further 
health economic evaluations, and robust implementation 
frameworks.
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diagnosis of infection.5–7 The current approach to 
diagnosing sepsis leads to overuse of antibiotics with the 
associated risks of antimicrobial resistance, antibiotic-
related drug reactions, Clostridium difficile infection, as 
well as extended lengths of hospital stay.8,9

Procalcitonin is a well characterised biomarker that 
responds rapidly and with high specificity to the presence 
of bacterial infection. At the point of the current trial 
design, procalcitonin testing systems were licensed for use 
in Europe and North America, had the most evidence 
available on diagnostic accuracy for identification of 
bacterial infections, and were commercially available 
through point-of-care devices. Procalcitonin-guided 
antibiotic initiation or discontinuation had been assessed 
in several trials across critical care and emergency 
departments. A NICE-funded systematic review and cost-
effectiveness analysis published in 2015 evaluated the role 
of procalcitonin to guide antibiotic treatment of sepsis in 
intensive care settings and for suspected bacterial infection 
in emergency department settings.10 Although the study 
concluded that the addition of a procalcitonin algorithm 
could be a viable strategy to reduce antibiotic exposure and 
potentially reduce length of hospital stay, it showed the 
heterogeneity in trial design and study populations. In 
particular, studies in emergency departments were heavily 
biased to those patients with a respiratory presentation 
rather than broader suspected bacterial infection and 
sepsis, with a separate Cochrane meta-analysis11 showing 
that procalcitonin guidance could safely reduce antibiotic 
exposure and associated side-effects. However, there was 
inconsistent evidence for the benefit of procalcitonin use 
in the management of suspected sepsis in the emer
gency department setting10 and no evidence from the UK. 
Updated reviews and patient-level meta-analyses from 
2018,12 2019,13 2021,2 and 202314 have reported mixed results 
for the value of procalcitonin use, including potential for 
reduction in antibiotic prescribing and mortality in the 
intensive care setting and in subsets of sepsis patients with 
confirmed bacteraemia, but have not definitively shown 
the benefits of early biomarker-guided care. International 
sepsis guidance (including UK guidance) continues to 
recommend against adoption of procalcitonin in 
combination with clinical assessment for antibiotic 
initiation in suspected sepsis due to low quality of evidence 
and unclear costs to health systems.2,4 The PRONTO trial 
was designed to address research recommendations from 
three separate NICE guidelines (NG51 [2016],4 DG18 
[2015],15 and NG15 [2015]16) and internationally recognised 
research priorities17 to establish whether NEWS2 in 
combination with procalcitonin can improve the 
recognition of sepsis and facilitate prompt and appropriate 
antibiotic therapy in adults presenting to the emergency 
department.

The primary aim of PRONTO was to establish whether a 
risk stratification algorithm for clinicians based on point-
of-care procalcitonin measurement in combination with 
NEWS2 leads to a reduction in intravenous antibiotic 

initiation at 3 h from the point of triage assessment, with 
no increase in 28-day mortality, compared with risk 
stratification by NEWS2 alone in patients with suspected 
sepsis presenting to hospital emergency departments in 
England and Wales.

Methods
Study design and participants
PRONTO was a parallel, two-arm, open-label, individually 
randomised controlled trial with two co-primary 
endpoints and group-sequential stopping rules for 
effectiveness. The trial protocol has been published 
previously and protocol deviations are reported in the 
appendix (p 15).18 Participants were recruited from 
20 hospital emergency departments within 17 National 
Health Service (NHS) Trusts or Health Boards across 
England and Wales (appendix p 8). All sites had a locally 
adapted sepsis care pathway that was based on NICE 
suspected sepsis guideline NG51 (2016).4 In brief, this 
guideline requires clinically diagnosed suspicion of 
infection as a cause of illness with physiological 
compromise, but evidence of organ dysfunction or 
systemic inflammation is not essential. Sepsis pathways 
in UK emergency departments are typically initiated by 
triage nurses and usually before laboratory results are 
available. Although all sites used NEWS2 in accordance 
with NICE guideline NG51,4 sites were permitted to use 
additional tools (eg, UK Sepsis Trust Red Flag features, 
which include prompts such as clinical concern) in 
accordance with local policies to identify sepsis. No 
formal changes to local sepsis care pathways or the 
threshold at which local teams initiated sepsis pathways 
were required as part of the trial. All sites received 
standardised training and training slides were made 
available to local clinical and research teams to share 
information regarding use of the algorithm and trial 
procedures.

All patients aged 16 years or older who were managed 
by clinical teams as suspected sepsis using their local 
sepsis care pathway were potentially eligible for 
recruitment, irrespective of NEWS2. Exclusion criteria 
were: receiving intravenous antibiotics at the point of trial 
screening; current immunosuppressive chemotherapy; 
solid organ transplantation or allogeneic bone marrow 
or stem cell transplantation within 3 months before 
emergency department attendance; and known to 
require urgent surgical intervention. Patients receiving 
end-of-life care or those with an advance directive to 
withhold life-sustaining treatment that included antibiotic 
treatment were excluded, although those deemed to be 
unsuitable for cardiopulmonary resuscitation could be 
eligible if they were receiving other active treatments. 
Screening logs of eligible patients and randomisation 
were kept at each site and baseline participant 
characteristics including age, self-reported gender 
(options provided were female, male, or non-binary), and 
self-reported ethnicity were recorded.
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Patients were identified at emergency department 
triage or initial assessment by clinical teams according 
to local pathways. The site trial team confirmed 
eligibility and, if no exclusion criteria applied, the 
patient was enrolled and randomly assigned. Given the 
urgent nature of the intervention, a deferred consent 
model was used (appendix p 10). The protocol was 
approved by the Wales REC 2 Research Ethics 
Committee (20/WA/0058) and the UK Health Research 
Authority and had oversight from an independent data 
monitoring committee (IDMC) and trial steering 
committee. The study was registered with ISRCTN 
(ISRCTN54006056) and is complete. Reporting follows 
the CONSORT guidance and relevant extensions.19,20 
There was active patient and public involvement at all 
stages of design, conduct, and reporting of the trial as 
detailed in the published protocol.18

Randomisation and masking
Participants were randomly assigned to standard clinical 
management with risk assessment based on NEWS2 
scoring (usual care; control group) or clinical manage
ment based on NEWS2 and procalcitonin-guided risk 
assessment (procalcitonin-guided care; intervention 
group) in a 1:1 ratio (figure 1). Minimisation with NEWS2 
(ie, ≤4, 5–6, or ≥7) and site as stratification factors was 
used with an added random element (80% chance of 
being allocated to the group minimising covariate 
imbalance) to reduce the risk of subversion.21 Allocation 
was determined via a secure web-based randomisation 
programme accessible 24 h by delegated research staff at 
all sites and controlled centrally by the Centre for Trials 
Research (CTR) at Cardiff University (Cardiff, UK). 
Participants, research staff, those assessing outcomes, 
and the statisticians analysing the data were not masked 
to group assignment.

Procedures
In the procalcitonin-guided care group, procalcitonin was 
measured by use of one of two commercially available, 
CE-marked, point-of-care assays with results from both 
devices available in less than 20 min. The trial design was 
agnostic to device. BRAHMS PCT direct (ThermoFisher 
Diagnostics, Altrincham, UK) was used between 
Nov 20, 2020, and May 31, 2023, when the manufacturer 
removed it from the market. PathFast BRAHMS PCT (AB 
Scientific, London, UK) was used from Feb 24, 2023, to 
Nov 1, 2023. Eight sites used BRAHMS PCT direct from 
Nov 20, 2020, to May 31, 2023, and then changed to use of 
PathFast BRAHMS PCT between February, 2023, and 
May, 2023, and continued recruitment to November, 2023. 
12 sites only used BRAHMS PCT direct and stopped 
recruiting on May 31, 2023. A blood sample was obtained 
from either venous blood draw (for both BRAHMS PCT 
direct and PathFast) or capillary sampling via finger prick 
(for BRAHMS PCT direct only). Although the BRAHMS 
PCT direct and PathFast BRAHMS tests have not been 

evaluated in a head-to-head study, both have been validated 
and approved for use on the basis of laboratory comparison 
studies.22,23 The PathFast BRAHMS had a lower limit of 
quantitation, but both tests were validated for use at the 
procalcitonin thresholds incorporated in the trial 
algorithm (<0·5 μg/L,  0·5–1·9 μg/L, and ≥2·0 μg/L).24 

In the procalcitonin-guided care group, the 
procalcitonin test was used in combination with NEWS2 
assessment by use of a guidance-only algorithm for 
clinicians designed by the trial team and provided to sites 
as part of training. The algorithm for clinical management 
for both the usual care group and the procalcitonin-
guided care group was based on NICE guideline NG51 
(2016)4 and associated NHS England guidance,25 and 
categorised patients into low, medium, and high risk of 
progression to sepsis and death. The recommendations 
included whether antibiotics should be given within 1 h 
(for patients at high risk), up to 3 h (for patients at 
medium risk), or after clinical assessment (for patients at 
low risk; figure 1).18 Clinicians were permitted discretion 
to deviate from the algorithm at all times in both groups.

Details of patient disposition, antibiotic usage, adverse 
events, and microbiological investigations were captured 
via daily health record review from triage assessment  
until hospital discharge or day 28, whichever was sooner. 
Initial and discharge diagnoses were based on clinician 
medical notes. Mortality data to derive the co-primary 
outcome measure for safety (28-day mortality) and 
secondary outcome measure (90-day mortality) were 
sourced from health-care records. After a request from 
the IDMC, ethical and regulatory approval was obtained 
from Wales REC 2 and the UK Health Research Authority 
to allow the reporting of Trust-level numerical counts of 
mortality status by trial group of those who withdrew 
from the trial. Individual participant-level mortality 
status and all other data were collected only for those 
who actively consented into the trial. Safety information, 
including readmission, was recorded from health-care 
notes to day 90.

Planned day 28 and day 90 visits were done via 
telephone, or in person if a participant remained as an 
inpatient. Data collection at these visits focused on 
health-related quality of life and health-care resource 
utilisation questionnaires for use in health economic 
analysis. Qualitative interviews were done to aid 
understanding of the feasibility and acceptability of the 
trial intervention and research processes.

Outcomes
The co-primary outcomes were intravenous antimicrobial 
initiation at 3 h from triage (assessing superior 
effectiveness) and 28-day mortality (assessing non-inferior 
safety). Secondary outcomes were: time until initiation of 
intravenous antibiotic therapy; late intravenous antibiotic 
initiation (ie, commenced after 3 h); number of days on 
intravenous antibiotics, broad spectrum antibiotics 
(defined as watch or reserve groups as per WHO AWaRe 
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Figure 1: Trial schematic
Modified from Euden at al.18 Recommendations for different risk groups based on NICE suspected sepsis guideline NG51.4 NEWS2=National Early Warning Score 2. 
NICE=National Institute for Health and Care Excellence. *Additional risk factors include: single NEWS2 parameter of 3; non-blanching rash or mottled, ashen, or 
cyanotic skin; reduced responsiveness; not passed urine in 18 h or reduced urine output; lactate greater than 2 mmol/L.  

Usual care group
NEWS2 and standard care assessment (this might include NICE NG514 or other
locally applied criteria including simple physician judgement)

In low-risk and medium-risk groups, consider whether there are any additional 
factors* suggesting presence or risk of sepsis or other clinical concern

Procalcitonin, μg/L

Stratify risk

Procalcitonin-guided assessment

≥7

5–6

≤4

N
EW

S2

HighHighMediuim

HighMediuimLow

MediuimLowLow

≥2·00·5–1·9<0·5

In low-risk and medium-risk groups, consider whether there are any additional 
factors* suggesting presence or risk of sepsis or other clinical concern

Stratify risk

Site-specific standard care assessment

≥7

5–6

≤4

N
EW

S2

High

High

Low or medium

High risk
Urgent review by 
senior doctor and 
intravenous 
antibiotics within 1 h; 
blood tests and 
intravenous fluids as 
per standard care

Medium risk
Urgent review by 
senior doctor and 
manage as high risk 
if sepsis suspected; 
antibiotics within 
3 h

Low risk
Clinical assessment 
and manage 
according to clinical 
judgement as per 
standard care

High risk
Urgent review by
senior doctor and 
intravenous 
antibiotics within 1 h; 
blood tests and 
intravenous fluids as
per standard care

Medium risk
Urgent review by a 
senior doctor and 
manage as high risk 
if sepsis suspected; 
antibiotics within 
3 h; consider 
non-infectious cause 
if NEWS2 ≥7 and 
procalcitonin 
<0·5 μg/L

Low risk
Clinical assessment 
and manage 
according to clinical 
judgement as per 
standard care; 
urgent review by 
senior doctor 
if NEWS2 5 or 6

Deferred consent 

Follow-up until discharge

Day 28 and day 90 follow-up

Analysis 

Procalcitonin-guided care group
Procalcitonin and NEWS2 as adjunct for risk stratification aligned to NEWS2 and 
standard care

Enrolment and randomisation

Eligibility assessed and no exclusion criteria

NEWS2 and standard care assessment at 
emergency department triage 

Patient aged ≥16 years presenting to emergency 
department with suspected sepsis



Articles

www.thelancet.com/respiratory   Published online March 22, 2026   https://doi.org/10.1016/S2213-2600(25)00433-36

Classification),26 and any antibiotic during admission and 
total over the first 28 days; admission to ICU or HDU and 
length of stay in ICU or HDU; length of hospital stay; 
adverse antibiotic outcomes; readmission to hospital 
within 90 days; mortality within 90 days and time until 
death; health utility (EQ-5D-5L) at 28 and 90 days; health 
resource usage; feasibility of implementing procalcitonin 
testing alongside NEWS2 scoring in emergency 
departments; and acceptability of implementing 
procalcitonin testing alongside NEWS2 scoring to 
patients, carers, and clinicians. The health economic and 
qualitative outcomes will be reported separately.

Adverse events potentially attributable to the 
procalcitonin test were collected as part of routine 
follow-up at 28 days. Specific recording of antibiotic 
adverse events was included in adverse event recording 
and was also reported within secondary outcomes. 
Serious adverse event reporting was only required if 
events were probably or definitely attributable to the 
procalcitonin test, and resulted in persistent or 
significant disability or incapacity, or in a congenital 
anomaly or birth defect. Post-hoc analysis was done on 
data prospectively collected by sites but not included in 
the protocol planned primary or secondary analysis. This 
analysis included the timing and content of care: time 
between emergency department admission and triage 
assessment, triage assessment and randomisation, 
triage assessment and clinical risk assessment, clinical 
risk assessment and antibiotics prescription, antibiotics 
prescription and administration, and clinical risk 
assessment and review by senior doctor; type of antibiotic 
received within 12 h of triage assessment; ten most 
frequently initiated antibiotics within 12 h of triage 
assessment; 28-day mortality by type of antibiotic 
received within 12 h of triage assessment; oxygen 
therapy; grade of most senior clinician doing assessment; 
initial and discharge diagnoses; blood cultures taken 
within 24 h of triage assessment; 28-day mortality by 
discharge diagnosis; and 90-day mortality by discharge 
diagnosis. 

Statistical analysis
The statistical analysis plans for both the interim and 
the final analyses were completed before data lock and 
are available in the appendix (pp 35–75). The sample 
size was calculated based on the two co-primary 
outcomes. Calculations for the non-inferiority endpoint 
assumed a 28-day mortality of 15% in patients managed 
as suspected sepsis treated in the emergency depart
ment according to usual care.5,27 Any increase to not 
more than 17·5% with procalcitonin-guided care was 
considered non-inferior. For 90% power and one-sided 
5% significance level, the sample size required was 
7002 participants, assuming there would be no 
difference in 28-day mortality between groups.5,28 At the 
time of trial design, 90% of patients managed as 
suspected sepsis were receiving intravenous antibiotics 

within 3 h (Royal Liverpool and Broadgreen University 
Hospitals NHS Trust, unpublished data). As a non-
infectious sepsis-mimic condition was expected in more 
than 20% of recruited patients,5–7 reducing antibiotic 
initiation to 80% or less was identified as a target for 
success. To detect such an effect with 90% power and a 
two-sided 5% significance level, the sample size 
required was 532 participants. Choosing the larger of 
these two sample sizes, including non-binding group-
sequential stopping rules (one interim analysis after 
50% of participants provided co-primary outcome data, 
by use of O’Brien–Fleming boundaries), and accounting 
for 5% dropout led to a total recruitment target of 
7676 participants.

The primary analysis was performed based on a 
modified intention-to-treat population, including all 
consenting participants who were randomly assigned 
with available outcome data for both co-primary 
endpoints. Separate two-level logistic regression models 
(patients nested within sites) were fitted to both primary 
outcomes (antibiotic initiation and mortality), with 
fixed effects for randomised allocation and baseline 
NEWS2 (minimisation factor) and random site effects, 
to estimate adjusted odds ratios, which were then 
transformed into risk differences by use of 
standardisation. With the delta method as implemented 
in the Stata command adjrr,29 a 90% CI was derived for 
28-day mortality, to conclude non-inferiority if its 
upper bound was below the margin of 2·5% on the risk 
difference scale, or superiority if the upper bound was 
below 0% on the risk difference scale. A 95% CI was 
derived for intravenous antibiotic initiation at 3 h, to 
conclude superiority if its upper bound was below 0% 
on the risk difference scale. Procalcitonin-guided care 
was only to be ruled better than usual care if it reduced 
antibiotic initiation in combination with non-inferior 
safety, or if superior safety was observed (appendix 
p 11). Prespecified subgroup analyses were performed 
by: organ system of infection (including non-infection); 
baseline NEWS2 category; management as suspected 
COVID-19; positive COVID-19 test result at time of 
admission (within 5 days of triage assessment); 
procalcitonin point-of-care device used; recruitment 
date; and amount of emergency department crowding. 
This subgroup analysis was done by fitting regression 
models with and without subgroup–arm interaction 
terms, and comparing them using a likelihood ratio 
test.

All secondary outcomes were also analysed in all 
randomly assigned consenting patients with available 
outcome data by use of two-level models appropriate to 
the type of outcome: Cox regression for time-to-event 
outcomes; negative binomial regression for over-
dispersed count data (eg, days in hospital, days on 
antibiotics); and logistic regression for binary outcomes, 
with fixed effects for randomised allocation and 
baseline NEWS2, and random site effects. Time-to-event 
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outcomes were additionally presented by use of Kaplan–
Meier plots. All randomly assigned patients with 
consent up to day 28 were included in the analysis of 
adverse events. The frequency of adverse events and 
serious adverse events was tabulated overall and by trial 
arm and compared using a χ² test.

Primary and secondary analyses were repeated with 
additional adjustment for age, gender, and the Charlson 
Comorbidity Index. These covariates were selected a 
priori based on associations with adverse outcomes 
in sepsis. Older age and higher comorbidity burden 
have been associated with worse outcomes in sepsis.30 
The direction of gender effect varies across studies.31 
A supplementary complier average causal effect (CACE) 
analysis estimated the difference in outcomes between 
participants whose treating clinicians complied with 
the intervention and those whose treating clinicians 
would have complied had they been allocated to the 
intervention (appendix p 10). In a sensitivity analysis, 
missing observations were replaced with multiple 
imputations via chained equations. Changes from 
initial to discharge diagnosis were presented with 
Sankey diagrams. The methods for post-hoc analyses 
were recorded within the statistical analysis plan 
(appendix pp 35–75) and were in line with primary and 
secondary analysis methods. All statistical analyses 
were done in Stata version 17 (interim analysis) or 18 
(final analysis).

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
From a total of 11 380 patients screened for eligibility, 
7667 were randomly assigned to the usual care 
group or the procalcitonin-guided care group between 
Nov 20, 2020, and Nov 1, 2023, with the last 28-day 
follow-up on Nov 29, 2023, and last 90-day follow-up on 
Jan 30, 2023. 1548 participants did not consent to join 
the trial or withdrew at a later point, leaving 6119 eligible 
for analysis at baseline (figure 2). 109 withdrew from 
data collection after baseline but within 28 days, leaving 
6010 eligible for analysis up to day 28, of whom 5453 had 
data on both co-primary outcomes (primary analysis 
population). 106 withdrew from data collection between 
day 29 and day 90, leaving 5904 eligible for analysis up 
to day 90. The primary analysis of the co-primary 
endpoints was done on 5453 participants with complete 
data on both intravenous antibiotic initiation at 3 h and 
28-day mortality: 2738 participants in the procalcitonin-
guided care group and 2715 participants in the usual 
care group. Participants who did not have complete 
data for either endpoint were excluded from the 
primary analysis. The primary analysis population 
demographics and baseline characteristics were 

balanced across trial groups and are summarised in 
table 1, with full details of primary analysis population 
and baseline characteristics of all participants provided 
in the appendix (pp 12–15). In total, 30 protocol 
deviations were recorded, and these are summarised by 
categorisation in the appendix (p 15).

There was no difference in proportion of participants 
receiving intravenous antibiotics within 3 h from triage 
assessment by group: 48·4% (1325/2738 participants) in 
the procalcitonin-guided care group versus 48·2% 
(1308/2715 participants) in the usual care group; estimated 
adjusted risk difference was –0·08 percentage points 
(95% CI –2·58 to 2·42; p=0·95). After additional adjust
ment for age, gender, and Charlson Comorbidity Index, 
the estimated adjusted risk difference was 0·15 percentage 
points (95% CI –2·37 to 2·66; p=0·91; appendix p 16). 
O’Brien–Fleming-adjusted CI bounds were similar to 
regular ones. Kaplan–Meier curves show no evidence of 
divergence of time to initiation of antibiotic by group over 
the first 12 h (figure 3).

Mortality at 28 days from triage assessment was lower 
in the procalcitonin-guided care group than in the 
usual care group: 13·6% (372/2738 participants) in the 
procalcitonin-guided care group versus 16·6% 
(450/2715 participants) in the usual care group; estimated 
adjusted risk difference was –3·12 percentage points 
(90% CI –4·68 to –1·57; p=0·0009). After additional 
adjustment for age, gender, and Charlson Comorbidity 
Index, the estimated adjusted risk difference was 
–2·35 percentage points (90% CI –3·85 to –0·86; 
p=0·0094). The upper bounds of the 90% confidence 
intervals from both analyses were below both the non-
inferiority margin of 2·5 percentage points and the point 
of no effect, implying both non-inferiority and superiority 
at the one-sided 5% level (figure 3; appendix p 16).

None of the prespecified subgroup analyses yielded 
significant differences in the co-primary treatment 
effect on formal test for interaction (appendix p 16). The 
subgroup analysis of 28-day mortality based on whether 
participants had received a positive COVID-19 test 
result within 5 days of triage assessment could not be 
performed, as no deaths occurred in the usual care 
group, preventing convergence of the analysis model 
(appendix p 16). Mortality outcome in several clinically 
relevant subgroups was not statistically significant 
(appendix pp 17–18).

Co-primary outcome effects were similar across all 
planned sensitivity analyses. Use of the complete case 
populations for each of the co-primary outcomes 
separately resulted in similar effect estimates (appendix 
p 19). After adjustment, mortality within 28 days from 
triage assessment was lower in the procalcitonin-guided 
care group compared with the usual care group 
(–3·00 percentage points, 90% CI –4·50 to –1·50; 
p=0·0010), but there was no difference in intravenous 
antibiotic initiation within 3 h between the two groups 
(–0·22 percentage points, 95% CI –2·70 to 2·26; 
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p=0·99). The co-primary analyses after imputing 
missing data by use of multiple imputation provided 
results that were also consistent with these findings 
(appendix p 19).

A planned interim analysis was undertaken after 
43% of target recruitment was reached, followed by an 
IDMC-initiated second interim analysis after 57% target 
recruitment. Although both analyses triggered the 
stopping rule for superiority, the IDMC recommended 

continuing recruitment to the originally planned target 
(appendix p 20).

Crude analysis of deaths revealed lower mortality 
in withdrawn participants than in consented partici
pants: 90-day mortality rate was 9·1% (141/1548 withdrawn 
participants), with 74 deaths in the procalcitonin-guided 
care group and 67 deaths in the usual care group 
(appendix p 20). There was no evidence of a systematic 
difference between groups in withdrawn participants.

Figure 2: Trial profile

11 380 patients assessed for eligibility

3713 excluded 
  1943 ineligible
  1313 receiving intravenous antibiotics 
  509 receiving immunosuppressive chemotherapy
  69 required urgent surgical intervention 
  40 receiving end-of-life care or had an advance 
  directive to withhold life-sustaining treatment that
  included antibiotic treatment
  12 organ transplantation
  1770 eligible but not recruited
  880 no research cover 
  239 did not wish to take part
  135 no reason given 
  79 too unwell 
  46 relative refusal
  31 social or safeguarding concern
  29 language barrier
  331 other

3831 assigned to procalcitonin-guided care

52 withdrew from data 
  collection between 
  day 29 and day 90

2990 day 90 study population

304 excluded from 
  primary analysis due 
  to missing data for 
  intravenous 
  antibiotics at 3 h

2738 primary analysis 
  population

2914 day 90 study population2715 primary analysis 
  population

54 withdrew from data 
  collection between 
  day 29 and day 90

253 excluded from primary 
  analysis 
  1 missing 28-day 
  mortality data
  252 missing data for 
  intravenous 
  antibiotics at 3 h

3836 assigned to usual care

2968 day 28 study population

3027 consented to join trial

  59 withdrew from data 
  collection up to day 28

809 did not not consent 
  to join trial

3042 day 28 study population

3092 consented to join trial

  50 withdrew from data 
  collection up to day 28 

739 did not consent to join 
  trial

  7667 randomised



Articles

9www.thelancet.com/respiratory   Published online March 22, 2026   https://doi.org/10.1016/S2213-2600(25)00433-3

For the 3092 participants assigned to the procalcitonin-
guided care group who consented to join the trial, 
a procalcitonin test result was available for 94·8% 
(2930/3092) of participants (table 2). Of the 1944 classified 
as high risk by NEWS2 alone, addition of procalcitonin 
reclassified 479 (24·6%) as low risk and 641 (33·0%) as 
medium risk (appendix p 21). For the procalcitonin-guided 
care group, a procalcitonin test result was considered in 
clinical decision making (ie, a procalcitonin test result was 
available and seen by the clinician) in 63·5% (1962/3092) 
of participants, and for 46·2% (1430/3092) of participants 
the clinician reported compliance with the algorithm (ie, 
the clinician had seen the result and agreed with 
the recommendation arising from the algorithm 
risk score). In the primary analysis population, a 
procalcitonin test result was available and seen by the 
clinician in 64·7% (1771/2738) of participants and the 
clinician had seen the procalcitonin result and agreed 
with the recommendation arising from the algorithm risk 
score in 47·2% (1293/2738) of participants. CACE 
estimates based on these definitions of rates of adherence 
are consistent with the conclusion of superiority in terms 
of 28-day mortality and no evidence of effect in terms of 
intravenous antibiotic initiation within 3 h (table 3).

In the planned secondary outcome analysis, there 
was no difference in intravenous antibiotic initiation 
within 3 h across baseline NEWS2 (figure 3), although 
antibiotics were more frequently prescribed in higher 
NEWS2 groups. Mortality at 90 days was lower in the 
procalcitonin-guided care group, with 20·0% (598/2988) 
of participants dying within 90 days compared with 
23·8% (693/2909) in the usual care group (estimated 
adjusted risk difference –3·08 percentage points, 
90% CI –4·70 to –1·45; p=0·0018; table 4). Time to 
death was also significantly different between groups. 
A significant interaction was estimated between 
deprivation decile and procalcitonin-guided care for 
mortality outcome, with the largest benefits in those in 
the most deprived groups (appendix p 22). There was no 
statistically significant treatment effect on any other 
secondary outcome (table 4). Days on antibiotics (any, 
intravenous, and broad spectrum) were similar in 
both treatment groups (table 4; appendix pp 23–24). 
There were more ICU and HDU admissions  in the 
procalcitonin-guided care group, but the difference 
between groups was not statistically significant. A total 
of 180 adverse events were recorded over 28 days, 53·3% 
(96 events in 57 [1·9%] of 2968 participants) in the usual 
care group and 46·7% (84 events in 66 [2·2%] of 
3042 participants) in the procalcitonin-guided care 
group (χ² [df 1]=1·47, p=0·23 for difference between 
groups; appendix p 25). Specific adverse events recorded 
in secondary analysis included antibiotic adverse 
outcomes and C difficile infection (table 4). One serious 
adverse event (persistent or significant disability or 
incapacity) was reported in the procalcitonin-guided 
care group (appendix p 25). 

To further explore the potential mechanism behind 
the co-primary outcome findings, several additional 
post-hoc analyses were done investigating the timing 
and content of care. Timings of participant flow 
through the emergency department from admission 
to triage assessment, randomisation, and antibiotic 
prescription and administration were similar between 
groups (appendix p 26). Primary route of antibiotics 
(either broad or narrow spectrum) in the first 12 h was 
intravenous in both groups but the distribution of route 
(or no antibiotic) varied across baseline NEWS2 category 

Procalcitonin-guided 
care (n=2738)

Usual care 
(n=2715)

Age, years (median [IQR]) 72 (56–82) 73 (58–82)

Gender

Male 1349 (49·3%) 1354 (49·9%)

Female 1387 (50·7%) 1361 (50·1%)

Non-binary 1 (<1%) 0

Missing or not answered 1 (<1%) 0

Time between emergency department attendance and triage 
assessment, min (median [IQR])

19·8 (7·8–46·8) 16·8 (7·2–40·2)

Duration of symptoms before enrolment, h (median [IQR]) 48 (24–96) 48 (18–96)

NEWS2 

≤4 1036 (37·8%) 1051 (38·7%)

5–6 737 (26·9%) 719 (26·5%)

≥7 965 (35·2%) 945 (34·8%)

Ethnicity

White 2314 (84·5%) 2314 (85·2%)

Asian 64 (2·3%) 45 (1·7%)

Black 27 (1·0%) 23 (0·8%)

Mixed 17 (0·6%) 17 (0·6%)

Other 36 (1·3%) 28 (1·0%)

Missing or not answered 280 (10·2%) 288 (10·6%)

History of oral antibiotics in the 14 days before admission

No 2046 (74·7%) 2021 (74·4%)

Yes 628 (22·9%) 649 (23·9%)

Missing or not answered 64 (2·3%) 45 (1·7%)

Charlson Comorbidity Index

Mean (SD) 3·9 (2·7) 4·0 (2·7)

Median (IQR) 4 (2–6) 4 (2–6)

Diabetes 623 (22·8%) 651 (24·0%)

COPD 624 (22·8%) 615 (22·7%)

Moderate to severe CKD (stage 3 or above) 371 (13·6%) 372 (13·7%)

Heart failure 338 (12·3%) 378 (13·9%)

Ischaemic heart disease 287 (10·5%) 314 (11·6%)

Stroke or TIA 282 (10·3%) 292 (10·8%)

Dementia 253 (9·2%) 266 (9·8%)

Physical disability 249 (9·1%) 239 (8·8%)

Solid tumour malignancy 206 (7·5%) 204 (7·5%)

Myocardial infarction 180 (6·6%) 187 (6·9%)

CRP levels, mg/L (median [IQR]) 68 (21–155) 61 (20–145)

Data are n (%) unless otherwise specified. CKD=chronic kidney disease. COPD=chronic obstructive pulmonary disease. 
CRP=C-reactive protein. NEWS2=National Early Warning Score 2. TIA=transient ischaemic attack. 

Table 1: Participant demographics and baseline characteristics of the primary analysis population
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and trial group (appendix p 27). The ten most frequently 
initiated antibiotics within 12 h were similar between 
groups (appendix p 27). 28-day mortality by initial 
antibiotic route and baseline NEWS2 showed variation 
between trial groups (appendix p 28). Oxygen was 
required in around half of patients in both groups, with 
no significant difference detected between groups 
(appendix p 29). No significant difference in co-primary 
outcomes was detected by subgroup analysis for grade of 
clinician performing the initial assessment (appendix 
p 29).

Initial and discharge diagnoses were similar across both 
groups, with the most common discharge diagnosis being 
lower respiratory tract infection or community-acquired 
pneumonia (appendix pp 30–31). Change in diagnosis 
between initial and discharge diagnosis occurred in both 
groups, with the largest changes reported for initial 
diagnosis categories of sepsis (unknown source) and not 
infection. The number and timing of blood cultures taken 
were similar across groups (appendix p 31). Of those 
who initially consented to join the trial, a blood 
culture grew a bacterial species in 207 (6·7%) of 

Figure 3: Kaplan–Meier survival estimates and Cox regression HRs of co-primary outcomes, adjusted for NEWS2 for all participants with relevant data and consent
Populations for (A) and (C) include 5411 of 6119 participants who consented to join the trial; 708 participants were excluded due to missing start time of intravenous antibiotic initiation. (B) and 
(D) include 6069 participants: primary analysis population (n=5453) and enrolled participants with censored data (n=616 including withdrawals) during the first 28 days. HR=hazard ratio. 
NEWS2=National Early Warning Score 2.  
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3092 participants in the procalcitonin-guided care 
group and 197 (6·5%) of 3027 participants in the 
usual care group. Primary causative bacteria were 
Escherichia coli (n=204), Staphylococcus aureus (n=79), 
Klebsiella pneumoniae (n=43), and Streptococcus pneumoniae 
(n=40). Mortality was lower among those in the 
procalcitonin-guided care group for  both infection and 
non-infection discharge diagnoses (appendix pp 32–33).

Discussion
In this large trial of patients presenting to emergency 
departments managed as suspected sepsis, the addition 
of point-of-care procalcitonin testing to current NEWS2-
based risk assessment did not lead to a reduction in 
intravenous antibiotic use, but was associated with a 
significant reduction in 28-day mortality that extended to 
90 days. Lower mortality was seen in patients with both 
infection and non-infection discharge diagnoses.

The absence of demonstrable effectiveness in reducing 
antibiotic use could, in part, be explained by a wider 
change in antibiotic prescribing driven by national 
antimicrobial stewardship efforts to improve targeting of 
therapy. Overall rates of intravenous antibiotics initiation 
in the first 12 h in the usual care group were 65·5% 
(1789/2691 participants), less than our pre-trial expected 
90% usage at 3 h in the usual care group and ou r 
pre-trial specified superiority target rate of 80%. During 
the time from trial conception to completion, there has 
been a strong emphasis on antimicrobial stewardship 
within the NHS,32 and during the COVID-19 pandemic, 
there was improved recognition of viral sepsis without 
bacterial co-infection.33 In addition, the Surviving Sepsis 
Campaign Guidelines 2021 were updated to allow up to 
3 h for initial assessment to optimise antimicrobial 
choice or to identify non-infectious mimics in patients 
with suspected sepsis without shock, whereas the 
previous recommendation for immediate antibiotics 
(within 1 h) was instead targeted to those with septic 
shock.2 This recommendation  was adopted in the NICE 
guideline in 2024, after PRONTO trial recruitment was 
completed;4 however, these changes were already present 
in the Academy of Medical Royal Colleges guidance 
from 2022, and are therefore likely to have affected UK 
practice.34 Overall, the capacity of the trial intervention to 
show a difference in antibiotic prescribing might have 
been largely removed. We did not specify type and 
duration of antibiotic to be used in our protocol and 
expected antibiotics to be prescribed in accordance with 
hospital formularies. Similarly, clinicians were free to 
use further biomarkers during hospital stay to inform 
management based on local policy and clinician 
preference. Procalcitonin was not part of sepsis 
management guidelines at sites during the study, with 
the exception of one site (which recruited 158 [2·1%] of 
7667 participants). This site incorporated procalcitonin 
measurement into their sepsis pathway in March, 2023, 
and finished recruiting in May, 2023. 

The reduction in mortality among those who received 
procalcitonin-guided care was considered a possible trial 
outcome, as noted in earlier published reports.10–12 
However, a clear mechanism to explain this mortality 
reduction was not identified. This was an open-label 
study, raising the possibility of both conscious and 
unconscious bias in clinical decision making through 
the Hawthorne effect.35 The low heterogeneity of the 
mortality effects across sites makes this an unlikely 
explanation (appendix p 33). We know that there was 
variation in the staff groups involved in implementation 
of the intervention across sites, which would be expected 
to increase heterogeneity by site, whereas the extent of 
improvement from usual care reached by a Hawthorne 
effect would be unlikely to be similar across a range of 
sites with different clinical pressures and performance 
levels. A by-chance finding is also unlikely. The CACE 
analysis shows a strengthening of effect with increasing 

Procalcitonin-guided care (n=3092)

Procalcitonin test was done and a result was available

Yes 2930 (94·8%)

No 162 (5·2%)

Missing 0 (0·0%)

Procalcitonin result was available and the clinician had seen the result

Yes 1962 (63·5%)

No 1056 (34·2%)

Missing 74 (2·4%)

Procalcitonin result was available and the clinician had seen the result 
and agreed with the recommendation arising from the algorithm risk 
score

Yes 1430 (46·2%)

No 1558 (50·4%)

Missing 104 (3·4%)

Data are n (%).

Table 2: Analysis populations defined by adherence to the procalcitonin-
guided care algorithm 

28-day mortality 
(n=5940)

Intravenous 
antibiotic initiation 
at 3 h (n=5482)

Complete case OR 0·818 (0·702–0·953) 0·999 (0·892–1·119)

Levels of adherence, CACE OR

Procalcitonin test was done and a result was available 0·790 (0·700–0·892) 0·999 (0·892–1·118)

Procalcitonin result was available and the clinician had 
seen the result

0·779 (0·637–0·953) 1·017 (0·867–1·194)

Procalcitonin result was available and the clinician had 
seen the result and agreed with the recommendation 
arising from the algorithm risk score

0·695 (0·522–0·924) 1·027 (0·819–1·287)

Data are OR (95% CI). Analysis method was two-level logistic regression models. Covariates were baseline NEWS2, age, 
gender, and Charlson Comorbidity Index. For this analysis, the population for 28-day mortality included 3000 
participants from the procalcitonin-guided care group and 2940 participants from the usual care group, and the 
population for intravenous antibiotic initiation at 3 h included 2744 participants from the procalcitonin-guided care 
group and 2738 participants from the usual care group (appendix p 10). CACE=complier average causal effect. 
OR=odds ratio. 

Table 3: CACE analyses
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Procalcitonin-guided care Usual care Treatment effect estimate p value

Days until initiation of intravenous antibiotic therapy*

Primary 1·82 (0·78–4·03); n=1918 1·83 (0·78–4·05); n=1921 HR 0·953 (0·895–1·016) 0·14

Adjusted 1·81 (0·78–4·03); n=1892 1·83 (0·78–4·03); n=1898 HR 0·964 (0·905–1·028) 0·27

Intravenous antibiotic initiation after 3 h†

Primary 625/2675 (23·4%) 640/2636 (24·3%) OR 0·955 (0·839–1·086) 0·48

Adjusted 614/2635 (23·3%) 631/2606 (24·2%) OR 0·966 (0·848–1·101) 0·61

Days on intravenous antibiotics during admission‡

Primary 3 (0–6); n=2958 3 (1–6); n=2884 IRR 1·000 (0·937–1·068) 0·99

Adjusted 3 (0–6); n=2915 3 (1–6); n=2855 IRR 1·000 (0·936–1·067) 0·99

Days on intravenous antibiotics during first 28 days‡

Primary 3 (0–6); n=2958 3 (1–6); n=2884 IRR 0·990 (0·930–1·054) 0·76

Adjusted 3 (0–6); n=2915 3 (1–6); n=2855 IRR 0·991 (0·931–1·055) 0·78

Days on any antibiotic during admission‡

Primary 5 (1–9); n=2965 5 (1–9); n=2900 IRR 1·018 (0·960–1·079) 0·56

Adjusted 5 (1–9); n=2922 5 (1–9); n=2871 IRR 1·013 (0·956–1·074) 0·66

Days on any antibiotic during first 28 days‡

Primary 5 (1–9); n=2965 5 (1–9); n=2900 IRR 1·000 (0·948–1·055) 1·00

Adjusted 5 (1–9); n=2922 5 (1–9); n=2871 IRR 1·005 (0·952–1·060) 0·86

Days on broad-spectrum antibiotics (intravenous and oral) during admission‡

Primary 1 (0–6); n=2956 1 (0–5); n=2883 IRR 1·065 (0·975–1·162) 0·16

Adjusted 1 (0–6); n=2914 1 (0–5); n=2853 IRR 1·050 (0·961–1·146) 0·28

Days on broad-spectrum antibiotics (intravenous and oral) during first 28 days‡

Primary 1 (0–6); n=2956 1 (0–5); n=2883 IRR 1·007 (0·927–1·095) 0·87

Adjusted 1 (0–6); n=2914 1 (0–5); n=2853 IRR 1·006 (0·925–1·094) 0·89

ICU or HDU admission† 

Primary 195/2966 (6·6%) 161/2876 (5·6%) OR 1·182 (0·950–1·470) 0·13

Adjusted 192/2925 (6·6%) 161/2847 (5·7%) OR 1·139 (0·913–1·420) 0·25

Days until ICU or HDU admission (excluding those who died)* 

Primary 1 (0–2); n=136 1 (0–1); n=105 HR 1·186 (0·919–1·530) 0·19

Adjusted 1 (0–2); n=134 1 (0–1); n=105 HR 1·169 (0·905–1·510) 0·23

Days until ICU or HDU admission (including those who died)* 

Primary 1 (0–1); n=194 1 (0–1); n=161 HR 1·164 (0·945–1·435) 0·15

Adjusted 1 (0–2); n=191 1 (0–1); n=161 HR 1·125 (0·912–1·388) 0·27

Length of ICU or HDU stay (excluding those who died), days‡ 

Primary 7 (4–11); n=102 5 (3–9); n=88 IRR 1·045 (0·775–1·409) 0·77

Adjusted 7 (4–11); n=101 5 (3–9); n=88 IRR 1·029 (0·765–1·383) 0·85

Length of ICU or HDU stay (including those who died), days‡

Primary 6 (3–13); n=160 5 (3–9); n=143 IRR 1·189 (0·944–1·496) 0·14

Adjusted 7 (3–13); n=158 5 (3–9); n=143 IRR 1·215 (0·966–1·528) 0·10

Length of hospital stay (excluding those who died), days‡

Primary 6 (2–12); n=2319 6 (2–12); n=2180 IRR 0·973 (0·917–1·034) 0·38

Adjusted 6 (2–12); n=2283 6 (3–12); n=2162 IRR 0·976 (0·921–1·035) 0·42

Length of hospital stay (including those who died), days‡

Primary 6 (3–13); n=2922 6 (3–13); n=2882 IRR 0·983 (0·933–1·036) 0·52

Adjusted 6 (3–13); n=2881 6 (3–13); n=2853 IRR 0·992 (0·942–1·044) 0·75

Adverse antibiotic outcomes†

Primary 56/2798 (2·0%) 53/2764 (1·9%) OR 1·050 (0·718–1·538) 0·80

Adjusted 56/2768 (2·0%) 53/2738 (1·9%) OR 1·056 (0·721–1·547) 0·78

Hospital-acquired infections†

Primary 163/2878 (5·7%) 152/2802 (5·4%) OR 1·056 (0·839–1·328) 0·65

Adjusted 163/2846 (5·7%) 151/2775 (5·4%) OR 1·079 (0·856–1·359) 0·52

(Table 4 continues on next page)
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adherence to the algorithm, supporting a true effect. 
Additionally, the modification of the observed effect by 
deprivation—in which patients in the most deprived 
areas have the greatest mortality benefit from 
procalcitonin-guided care—further supports a true and 
context-specific effect. This finding might reflect a 
plausible mechanism, whereby procalcitonin-supported 
care functions as a levelling-up intervention, helping to 
streamline care pathways and overcome barriers to 
access that are more prevalent among disadvantaged 
populations.36

Adherence to the recommendations of the 
procalcitonin-guided care algorithm was reported in 
1430 (46·2%) of 3092 participants who consented to 
join the procalcitonin-guided care group, whereas 1130 
(36·5%) of 3092 participants were managed without 
consideration of the procalcitonin result (ie, procalcitonin 
test result was unavailable or result was available but 
clinician did not see the result). The finding that the 
procalcitonin result was reviewed but the algorithm was 
not followed in 532 (17·2%) of 3092 participants suggests 
an absence of confidence or poor utility of the algorithm 
(ie, the algorithm did not address clinical uncertainty in a 
proportion of patients). The uptake of the algorithm was 
higher than for similar interventions,37,38 but there 
are complex reasons why clinicians might or might not 
follow the algorithm. Analysis of interviews with 
patients and clinicians will be reported separately. The 
low adherence could be one reason why the algorithm 
did not identify a difference in antibiotic prescribing, 
although the CACE analysis would suggest little 
difference in prescribing practice whether the algorithm 
was fully applied or not. However, increased use of the 
algorithm could improve mortality outcomes further.

This trial has several strengths and limitations. The trial 
was large and pragmatic. Despite unprecedented 

pressures in the UK NHS due to the COVID-19 pandemic 
and emergency department overcrowding, the recruitment 
target was reached. The co-primary outcomes captured 
both effectiveness and safety, including mortality. The trial 
used a deferred consent model, which had both benefits 
and disadvantages. Patients being managed as suspected 
sepsis in emergency departments are a heterogeneous 
group in terms of severity of illness, medical needs, and 
communication requirements. Use of deferred consent 
allowed us to include this important variety. However, we 
did have a higher-than-expected rate of non-consent 
to join the trial after randomisation (1548 [20·2%] 
of 7667 participants), although the withdrawal rate is 
consistent with that of other studies that have used this 
approach.39 With ethics approval, we were able to count 
deaths by study arm in the withdrawn group and confirm 
that no major bias was created by this effect. Mortality was 
lower in the withdrawn group, but this result should be 
interpreted cautiously as we had no active follow-up of 
these withdrawn participants and mortality was based on 
hospital reports only; deaths within the community could 
have been missed at the time of data lock. The trial was 
undertaken in a variety of emergency departments across 
England and Wales, representing different demographic 
groups and excluding only those with identified severe 
immunosuppressive conditions. There was under-
representation of non-White ethnicity, in part a 
consequence of the best-recruiting sites having lower 
ethnic diversity than the UK as a whole. Procalcitonin 
response has not been shown to differ by ethnicity,40 but 
this should be considered in further evaluations.

We hypothesise that the use of the procalcitonin-guided 
algorithm leads to multiple subtle changes in clinician 
behaviour that we were unable to fully measure in this 
trial. The mortality benefits were evident across 
conditions that were finally diagnosed as both infection 

Procalcitonin-guided care Usual care Treatment effect estimate p value

(Continued from previous page)

Clostridium difficile cases†

Primary 46/2578 (1·8%) 44/2526 (1·7%) OR 1·044 (0·685–1·591) 0·84

Adjusted 46/2543 (1·8%) 44/2501 (1·8%) OR 1·071 (0·702–1·635) 0·75

Hospital readmission within 90 days†

Primary 124/2971 (4·2%) 136/2907 (4·7%) OR 0·883 (0·687–1·135) 0·33

Adjusted 122/2928 (4·2%) 135/2877 (4·7%) OR 0·884 (0·686–1·138) 0·34

Mortality within 90 days†

Primary 598/2988 (20·0%) 693/2909 (23·8%) OR 0·776 (0·682–0·883) 0·0001 

Adjusted 593/2947 (20·1%) 682/2879 (23·7%) OR 0·804 (0·701–0·922) 0·0018

Time until death, days*

Primary 12 (4–34); n=598 12 (4–33); n=693 HR 0·803 (0·720–0·896) 0·0001 

Adjusted 12 (4–35); n=593 12 (4–34); n=682 HR 0·835 (0·748–0·932) 0·0013 

Data are median (IQR) or n/N (%) unless otherwise specified. Effect estimates (HR, OR, or IRR) are presented with 95% CI in parentheses. Analysis methods were mixed effects 
with Cox regression, logistic regression, negative binomial regression, or linear regression. Covariate in primary models was baseline NEWS2. Covariates in adjusted models 
were baseline NEWS2, age, gender, and Charlson Comorbidity Index. HDU=high-dependency unit. HR=hazard ratio. ICU=intensive care unit. IRR=incidence rate ratio. 
NEWS2=National Early Warning Score 2. OR=odds ratio. *Cox regression. †Logistic regression. ‡Negative binomial regression. 

Table 4: Planned secondary outcome analyses
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and non-infection, indicating that some component 
of improved care was created by use of the procalcitonin-
guided algorithm that was not restricted to improved 
infection management. Unfortunately, the process 
evaluation of this intervention has not provided a clear 
mechanism to explain the findings. Future work will 
need to focus on the characteristics and timeliness of 
further investigations and interventions relevant to 
the discharge diagnosis. Making a procalcitonin-guided 
algorithm available to clinicians in emergency depart
ments did not change intravenous antibiotic initiation in 
patients managed as suspected sepsis, but a decrease in 
mortality was seen and further research is needed to 
understand this finding.
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