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Abstract 

Background:  

Differentiating inflammation from bacterial infection in acute pancreatitis can be difficult. 

Procalcitonin (PCT) can distinguish infection from inflammation and algorithms based on PCT 

measurement can differentiate bacterial sepsis from a systemic inflammatory response.  The 

PROCalcitonin-based algorithm for antibiotic use in Acute Pancreatitis (PROCAP) randomized trial 

tests the hypothesis that a PCT-based algorithm to guide initiation, continuation and discontinuation of 

antibiotics will lead to reduced antibiotic use without an adverse effect on outcome. 

 

Methods:  

PROCAP is a single-centre randomised controlled trial of patients with acute pancreatitis assigned to 

procalcitonin-guided care or usual care. The primary outcome was use of antibiotics during the index 

admission. Secondary outcomes included mortality (safety endpoint), days of antibiotic use, infections, 

interventions, length of stay, readmission, health-related quality of life (QoL) and cost up to 90 days. 

 

Findings:  

From 29th July 2018 to 13th November 2020, 260 patients were recruited.  132 received procalcitonin-

guided care and 128 usual care.  Antibiotics were used during the index admission in 44.7% patients 

assigned to procalcitonin-guided care and in 61.7% assigned to usual care; risk difference (adjusted): -

15.6% (95%CI: -27.0% to -4.2%), p=0.007.  Treatment effect odds ratio is 0.49 (95%CI: 0.29 to 0.83), 

p=0.008.  Procalcitonin-guided care reduced the average number of days of antibiotic use per patient 

from 5.8 to 4.5 days, mean difference (adjusted): ‑1.16, (95%CI: -2.10 to -0.22), p=0.015. There were 

no differences in mortality, infections, adverse events, length of stay, QoL or cost.  
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Interpretation:  

This trial found that procalcitonin-guided care reduced antibiotic use without increasing infection or 

harm in patients with acute pancreatitis. ISRCTN 50584992. 

 

Funding: 

There was no external funding for this study. 

  



7 
 

Keywords: Acute pancreatitis; antibiotics; procalcitonin; antibiotic stewardship 

  



8 
 

Introduction 

Overuse of antibiotics and the resultant emergence of multidrug resistant micro-organisms is a potent 

threat to the welfare of humanity in the twenty-first century.1,2  Acute pancreatitis is an inflammatory 

disorder of the pancreas with an incidence of 150 to 420 cases per million and an overall case-fatality 

rate of 4-6%.3-5 Acute pancreatitis is a common cause of emergency admission with two thirds having 

mild or moderate forms of the disease characterized by a self-limiting systemic inflammatory response 

for which antibiotic therapy is of no benefit.6-8  In contrast, severe acute pancreatitis remains a life-

threatening illness with prolonged critical care occupancy, lengthy hospital stay and slow recovery.6 The 

pathophysiology of severe acute pancreatitis is characterized by pancreatic necrosis.6  Microbial 

colonization of non-viable pancreatic tissue leads to infected necrosis which is the principal determinant 

of infective complications and mortality.6,9  In an effort to reduce the risk of infection of necrosis, 

antibiotic prophylaxis was evaluated in a series of randomized trials which, individually and in meta-

analyses, demonstrated no consistent evidence of benefit.7,8   

The clinical phenotype of acute pancreatitis is characterized by severe abdominal pain and vomiting 

with systemic features of inflammation such as fever, tachycardia and hypotension; haematologic 

evidence of leucocytosis and biochemically an elevated blood urea nitrogen (BUN) and C-reactive 

protein (CRP).9  None of these discriminate between inflammation and infection resulting globally in 

over-use of antibiotics across the spectrum of disease severity with up to two-thirds of patients with 

acute pancreatitis receiving at least one course of antibiotics during their admission.10-14  

One method of distinguishing infection from inflammation is by measurement of serum procalcitonin.15 

Procalcitonin is a “hormokine”, sharing characteristics of both hormones and cytokines and having roles 

in maintaining vascular endothelial tone in response to bacterial infection.15  Procalcitonin levels rise 

rapidly in response to a pro-inflammatory stimulus of bacterial origin and fall after successful 

treatment.15  Procalcitonin is more sensitive than clinical assessment and routine laboratory markers of 

sepsis (such as leukocyte count and C-reactive protein) in detecting pancreatic infection.16 Algorithms 
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based on measurement of procalcitonin have emerged as a means of differentiating bacterial sepsis 

from a systemic inflammatory response in a range of settings, typically in critical care environments.17   

Indiscriminate measurement of procalcitonin is not cost-effective and healthcare technology reviews 

recommend that more work is required to define optimum disease settings for this test.18,19   

The PROCAP randomised controlled trial tests the hypothesis that a procalcitonin-based algorithm to 

guide initiation, continuation and discontinuation of antibiotics will lead to reduced antibiotic use in 

patients with acute pancreatitis without an adverse effect upon outcome. 
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Methods  

The trial protocol including the statistical analysis plan was published prior to commencement of the 

study.20   Details are reproduced below.  All co-authors had access to the data and approved the final 

manuscript. 

 

Trial design and oversight 

PROCAP was a pragmatic, single centre, patient-blinded, randomised controlled trial.  The trial aimed 

to determine whether the use of a procalcitonin algorithm reduces antibiotic use during acute 

pancreatitis. Applying a superiority design, the null hypothesis was that antibiotic use is unchanged by 

use of the algorithm.  PROCAP was conducted at the Manchester Royal Infirmary (MRI), England and 

was co-ordinated from its Hepato-Pancreato-Biliary (HPB) Unit. A trial steering committee and 

independent data and safety monitoring committee oversaw conduct, progress and participant safety 

throughout the trial. The study was approved by the National Health Service (NHS) Health Research 

Authority (Research Ethics Committee reference 18/NW/0255) on the 29th May 2018. Manchester 

University NHS Foundation Trust (MFT) took responsibility for sponsorship of the trial.  Site-specific 

approval was granted by the Manchester University Foundation Trust (Pin B00007) on the 5th June 

2018. The protocol was amended on the 22nd October 2019 (amendment number SA 01) to allow 

recruitment to be increased. 

PROCAP was prospectively registered on the 7th February 2018 (International Standard Randomised 

Controlled Trial Number; ISRCTN 50584992).  

 

Participants 

Participants were adult patients (age 18 years or more) able to give informed consent, with a clinical 

diagnosis of acute pancreatitis. Diagnosis required two of three features: abdominal pain consistent 

with acute pancreatitis; serum lipase activity (or amylase activity) at least three times greater than the 
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upper limit of normal; characteristic findings of acute pancreatitis on contrast-enhanced computed 

tomography (CE-CT), magnetic resonance scan (MR) or transabdominal ultrasonography.6 Patients 

were excluded if they had comorbidities requiring prolonged antibiotic therapy; were severely 

immunocompromised; neutropenic; on immunosuppressive therapy; or had undergone previous thyroid 

surgery.17 

Mild acute pancreatitis was defined as acute pancreatitis without organ failure.  Patients with transient 

organ failure (resolution within 48 hours) or a local or systemic complication without organ failure were 

defined as having moderate acute pancreatitis and those with organ failure persisting for more than 48 

hours were defined as having severe disease.6 

 

Trial Procedures 

Once consent was obtained, participants were randomly assigned in a 1:1 ratio to either procalcitonin-

based algorithm guided antibiotic use in addition to usual care or to usual care, using web-based 

randomisation software managed by the University of Edinburgh’s Clinical Trials Unit. The 

randomisation sequence was stratified by disease severity (mild or moderately severe/severe) and 

admission pathway (either direct admission to the MRI or tertiary transfer from another hospital), using 

variable block sizes of 4, 6 or 8.  

The use of the procalcitonin test and algorithm has been described previously.20 In brief, per protocol 

procalcitonin testing was conducted on days 0, 4, 7 and weekly thereafter, using the Elecys® BRAHMS 

fully automated procalcitonin immunoassay (BRAHMS Assay; Roche Diagnostics Ltd, Rotkreutz, 

Switzerland). The threshold for a positive procalcitonin test for this study was 1.0 ng/ml.21 Guidance 

following a test value of <1.0 ng/ml was to stop or not start antibiotics and to start or continue for ≥1.0 

ng/ml. Procalcitonin guidance was one of a range of clinical considerations informing antibiotic 

management.  In the intervention arm, any empiric clinical decision to use antibiotics was preceded by 

measurement of procalcitonin.  If the result was <1.0 ng/ml antibiotics were not used unless there was a 
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clinically relevant positive microbiology result. The protocol included an “over-ride” option to allow 

attending clinicians to either commence or discontinue antibiotics independent of the algorithm.  Use of 

this over-ride was recorded.  Attending clinicians could not be blind to allocation. The treating clinical team 

did not take part in the follow-up assessment of participants.  The research team was not involved in the 

clinical care of patients in this study with the exceptions of those admitted under the care of the principal 

investigator (AKS) or when a clinical opinion was sought from the trial research fellow (SJEG).  Outcome 

data were collected contemporaneously by the research team from clinical notes, electronic patient records 

and directly from participants. 

Adherence to the algorithm was assessed as the proportion of per protocol tests that were conducted, 

allowing an additional day for each time point (to allow for variations in care or imminent patient 

discharge).  For those patients admitted as tertiary transfers, enrolled and allocated to the intervention 

arm whilst receiving antibiotics, Day 0 procalcitonin testing made early cessation possible.  

 

Outcomes 

The primary outcome was antibiotic use (binary endpoint: yes or no) during the index stay.  

Secondary outcomes included a safety non-inferiority endpoint (all-cause mortality); days of antibiotic 

use (defined as any 24 hour period during the index stay when antibiotics were prescribed); clinical 

infections defined according to the Centers for Disease Control;22 new isolates of multi-resistant 

bacteria; infection of pancreatic necrosis; use of radiological, endoscopic or surgical intervention;9 

survival at 90 days; length of inpatient stay during index admission; re-admission to hospital for acute 

pancreatitis (or related complications) within 6 weeks of onset of index episode; episode-related 

mortality and cause; quality of life assessed by the EQ-5D-5L questionnaire23; and cost analysis (from 

an NHS perspective, including inpatient resource use). 

 

Standards of general care for all patients with acute pancreatitis  
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Standard care followed the current IAP/APA (International Association of Pancreatology/American 

Pancreatic Association) guidelines for the care of patients with acute pancreatitis.9 All aspects of care 

with the sole exception of the use of a procalcitonin algorithm to guide antibiotic use were the same for 

patients in both arms of the trial.  As procalcitonin measurement was not regularly used in this or other 

hospitals in the NHS for patients with acute pancreatitis during the time of this study the control arm 

represents standard care.  There was to be no procalcitonin measurement in patients allocated to the 

control arm.  

 

Statistical Analysis 

The study goal was the correct use of antibiotics in a condition where antibiotics may be over-prescribed, in 

part, because discriminating between pancreatic infection and inflammation is difficult. About 60% of patients 

admitted with acute pancreatitis receive antibiotics.10 A 20% absolute change in antibiotic use was assessed 

to be a clinically important difference: this size of change has been observed in other studies evaluating a 

procalcitonin algorithm to guide antibiotic use.17  The trial was originally designed with 80% power but revised 

midway through recruitment (22nd October 2019) to 90% power, once it was determined that this seemed 

achievable.  For antibiotic use, to achieve 90% power and 5% significance (2-sided) the trial required 130 

patients in each arm (260 patients in total).  Assuming a 3.6% mortality rate11, the sample size provided a 

5.8% non-inferiority margin for the safety measure of overall mortality, assuming no change in mortality, 80% 

power and 95%CI [confidence interval] (one-sided).  

Analyses, following intention-to-treat principles, were prospectively described in the trial protocol and 

statistical analysis plan, and conducted in Stata 17.0 (StataCorp. 2021. Stata Statistical Software: 

Release 17. College Station, TX: StataCorp LLC.).  Estimation of outcomes used generalized linear 

models (GLMs), adjusted for randomisation stratification variables, reporting the adjusted difference, 

95%CI, and p-value.  Models employed the binary distribution for binary data, Gaussian or gamma 

distribution for continuous data and the Poisson or negative binomial distribution for count data.  The 
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identity link was used in models to estimate group differences in natural units. The primary outcome, 

effect of procalcitonin-led care upon antibiotic use, was expressed both as an absolute and relative 

measure, consistent with CONSORT recommendations.24 Planned sensitivity analysis of the primary 

outcome varied the definition of antibiotic use and explored the impact of coronavirus 2019 (SARS-

CoV-2); exploratory analyses included an unadjusted model of antibiotic use and subgroup analyses 

assessed by treatment interaction with the randomisation factors used in adjusted regression models. 

Since missingness of data was 0% for the primary outcome, imputation was not performed. All 

secondary analyses were considered as supporting the primary outcome analyses.  No interim 

analyses were conducted during the trial. 

 

Adverse event reporting 

All adverse events were assessed for seriousness, causality and expectedness and recorded in line 

with European Directive 2001/20/EC.25 An annual safety report was submitted to the data monitoring 

committee. In addition, serious adverse events (SAEs) were reported by email to the Hospital’s 

Research Department.  

 

Role of the sponsor and funding 

There was no external funding for this study.  Costs incurred for registration of the study with ISRCTN, 

web-based randomisation and the expenses of the Data Monitoring Committee were met from a 

Pancreatic Research Endowment fund (9033).  The study sponsor was not involved in study design, 

collection, management, analysis or interpretation of the data, writing the report or the decision to 

submit the report for publication. The responsibility for these activities rests with the Chief Investigator. 
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Results 

A total of 260 patients were randomised to the trial between 29th July 2018 and 13th November 2020.  

Of 369 patients screened, 260 (70%) were recruited. The most common reasons for non-participation 

were the patient declining (36, 33%) and not meeting the definition of acute pancreatitis (21, 19%). A 

summary of patients screened, randomised and followed-up at each time point is provided in the 

CONSORT flowchart in Figure 1.  Comparing participants and non-participants, there were no 

significant differences in participation by age, gender, or APACHE II score.   

Baseline demographics of recruited participants were similar in both treatment groups (see Table 1). 

The mean (sd) age of participants was 50.9 (16.9) years and 49% were female.  Overall, there were 

more participants with mild than moderate or severe disease (n=150 vs.110) and most patients were 

admitted directly (n=224 vs. 36). 

 

Intervention fidelity 

A total of 296 procalcitonin tests were conducted in patients randomised to procalcitonin-guided care.  

All patients (n=132) received their first procalcitonin test (on day 0) according to the trial protocol.  A 

further 164 procalcitonin tests were ordered during the index stay with the reason recorded: 127 

following the protocol; 7 non-protocol and 30 for a suspected infection.  The need for further tests (per 

protocol on days 4, 7 and weekly thereafter) depended on length of stay.  Full protocol adherence was 

achieved in 92/132 of patients (70%). There were 11 instances of clinician over-ride of the algorithm in 

the intervention arm.  Eight were to continue antibiotics in the presence of a procalcitonin algorithm-

based recommendation to stop and 3 were to not start when the algorithm indicated that antibiotics 

should be started.   

 

Primary Outcome 
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Use of the procalcitonin algorithm decreased the probability of being prescribed an antibiotic from 

61.7% to 44.7%, an adjusted risk difference of -15.6% (95%CI: -27.0% to -4.2%), p=0.007 (see Table 2 

and Figure 2). The treatment effect expressed as an odds ratio is 0.49 (95%CI: 0.29 to 0.83), p=0.008. 

Sensitivity analyses of the primary outcome supported these findings (see Figure 2).  An unadjusted 

model found a similar risk difference of -17.0% (95%CI: -29.0% to -5.0%), p=0.005.  With antibiotic use 

adjusted to exclude mandated antibiotic prophylaxis for cholecystectomy or interventional procedures, 

procalcitonin-guided care decreased the probability of being prescribed an antibiotic from 46.9% to 

31.1%: an adjusted risk difference of -14.2% (95%CI: -24.4% to -4.1%), p=0.006.  Neither acute 

pancreatitis severity nor tertiary referral (randomisation stratification factors included in the adjusted 

model) interacted with the care received (interaction with treatment: p=0.224 for acute pancreatitis 

severity; p=0.753 for referral route).  Recruitment before or after the first Covid-19 lockdown in England 

(23rd March 2020) did not interact significantly with care received (interaction with treatment: p=0.143 

for pre/post Covid).  Procalcitonin test values and clinical decisions are shown in Appendix Page 1. 

 

Secondary Outcomes 

I Days of antibiotic use  

Procalcitonin-guided care reduced the average number of days of antibiotic use per patient from 5.8 to 

4.5 days (mean difference: -1.16, 95%CI: -2.10 to -0.22, p=0.015).  

 

ii Infections 

Procalcitonin-guided care did not significantly increase the number of clinical infections per patient 

(mean difference: 0.046, 95%CI: -0.086 to 0.177, p=0.495).  The incidence of clinical infection by 

pathogen together with the overall rate of infected pancreatic necrosis is shown in Table 3.  Hospital-

acquired infections are shown in appendix Page 2. 
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Procalcitonin-led care did not significantly increase the number of hospital-acquired infections per 

patient (mean difference: -0.005, 95%CI: -0.055 to 0.045, p=0.840, adjusted).   

 

iii Radiological, endoscopic or surgical intervention 

There was no difference in the use of radiological, endoscopic or surgical intervention between groups 

with the most common procedure being cholecystectomy (see Appendix Page 3).  

 

iv Length of stay and readmission 

Use of the procalcitonin algorithm did not significantly alter overall length of stay (mean difference: 0.9, 

95%CI: -0.7 to 2.6, p=0.277).  The likelihood of readmission was not significantly greater under 

procalcitonin-led care (risk difference: 6.0%, 95%CI: -0.4% to12.45, p=0.065) 

 

v  Health-related quality of life 

Completion of the EQ-5D-5L was 91.5% at recruitment, 67.7% at discharge and 21.9% at 90 days. 

There were no significant differences between groups (see Appendix Page 4).  

 

vi  Cost  

Cost analysis was undertaken from a National Health Service perspective, including inpatient resource 

use (ITU days costed at £1313/day; HDU or ward days costed at £370/day). Procalcitonin-led and 

usual care patients had similar average costs (mean difference: £373, 95%CI: -297 to 1043, p=0.275). 

 

Safety data 

There were 4 deaths (3.0%) in patients receiving procalcitonin-guided care and 3 deaths (2.3%) in the 

usual care group (Kaplan Meier log rank test, p =0.746). All cases were related to underlying severe 

acute pancreatitis. The risk difference (procalcitonin-control) for all-cause mortality was 0.69% 
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(95%CI: -3.2% to 4.6%), p=0.732.  The mortality one-sided upper bound 95% estimate (to test the non-

inferiority hypothesis) was 3.9%, inside the protocol-specified 5.8% non-inferiority margin for the safety 

measure of overall mortality.  

 

Adverse events 

Thirty-one of 260 patients (11.9%) reported 31 adverse events of which 20 were severe, 16 were 

unexpected and all were resolved although 4 had sequelae.  There were no significant differences 

between groups (Error! Reference source not found. and appendix Page 5).  Reasons for adverse 

events were diverse with the most common adverse event being death, occurring in 7 patients (see 

appendix Page 5).    
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Discussion 

PROCAP is the largest randomised trial to date of the use of a procalcitonin algorithm to guide 

antibiotic use in acute pancreatitis.  Interpretation of the findings of this study should take into 

consideration that this is a single centre study and that clinical practices in relation to the care of 

patients with acute pancreatitis may vary between healthcare settings.  The results show that use of the 

procalcitonin algorithm decreased the probability of being prescribed an antibiotic from 61.7% to 44.7%, 

an adjusted risk difference of -15.6% (95%CI: -27.0% to -4.2%), p=0.007, an odds ratio of 0.49 (95%CI: 

0.29 to 0.83), p=0.008. Sensitivity analyses of the primary outcome supported the validity of the finding.  

When antibiotic use was adjusted to exclude mandated antibiotic prophylaxis for cholecystectomy or 

other interventional procedures, procalcitonin-guided care decreased the probability of being prescribed 

an antibiotic from 46.9% to 31.1%: an adjusted risk difference of -14.2% (95%CI: -24.4% to -4.1%), 

p=0.006.   

This is an important finding as decision making around antibiotic prescribing in acute pancreatitis is 

difficult.  Although the IAP/APA guideline states that antibiotics should be avoided in the early stages of 

all acute pancreatitis, this is a difficult policy to follow in the setting of an ill, often febrile patient with a 

leucocytosis and a raised C-reactive protein.9 As this decision-making is typically undertaken by junior 

clinical staff, in an out-of-hours setting, the likelihood of guideline adherence is low.  This is reflected in 

the unnecessary and harmful over-use of antibiotics in acute pancreatitis across the spectrum of 

severity and in centers across the globe.10-14 Thus a relatively easily accessible test with a turnaround 

time that is clinically viable for decision making has a clear role.15 The study was designed to take into 

consideration that patients with a biochemical diagnosis of acute pancreatitis include a heterogeneous 

cohort in terms of aetiology and some may have underlying chronic pancreatitis, recurrent acute 

pancreatitis and other disease variants.  All of these have a clinical presentation of acute pancreatitis 

and are exposed to antibiotic use or over-use and thus all were eligible for enrolment.  Similarly, in 
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relation to pancreatic necrosis, it is difficult to assess the proportion of patients with necrotizing 

pancreatitis as not all patients underwent computed tomography (Table 1).   

Realistically, the goal of the procalcitonin algorithm is to guide more appropriate use of antibiotics.  In 

acute pancreatitis it is correct to use antibiotics to treat proven infections and as prophylaxis for 

interventional procedures such as laparoscopic cholecystectomy.9 The reduction in inappropriate 

antibiotic use in the procalcitonin-algorithm guided group was achieved without significant increase in 

infections or length of stay. 

Algorithms using procalcitonin measurement to guide antibiotic use are gradually being adopted.17-19 To 

date, they are not routinely used in acute abdominal emergency care settings.  In this regard, acute 

pancreatitis is a logical area for evaluation as there is little global variation in the initial management, 

there is no specific medical or surgical treatment and the consequences of antibiotic over-use are 

harmful both for the individual patient and for others in the same healthcare environment. This lack of 

global variation in the disease also means that an adequately powered single center study such as 

PROCAP is likely to be genuinely representative of the case profile and management of acute 

pancreatitis.  The decision to include both direct admissions and tertiary transfer patients makes the 

PROCAP cohort representative of that seen in large centers across the world. 12,13 

Procalcitonin measurement has previously been used to guide antibiotic cessation in patients with 

acute pancreatitis in a randomised trial by Qu and colleagues.30 In their study, patients in the control 

arm received antibiotics for 14 days. As this is a substantial deviation from world-wide antibiotic use in 

acute pancreatitis, it is not possible to extrapolate from the findings of the Qu study.   

In summary, the PROCAP randomised trial found that a procalcitonin algorithm reduced antibiotic use 

without increasing infection or harm in patients with acute pancreatitis.  
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Table 1: Baseline Characteristics 

  

PCT 
NP=132 

Usual care 
NU=128 

Total 
NT=260 

Age mean (sd) 49.4 (16.6) 52.3 (17.2) 50.9 (16.9) 

Female n (%) 67 (50.8%) 61 (47.7%) 128 (49.2%) 

Acute Pancreatitis mild (n, %) 80 (60.6%) 70 (54.7%) 150 (57.7%) 

 mod. (n, %) 24 (18.2%) 32 (25.%) 56 (21.5%) 

 severe (n, %) 28 (21.2%) 26 (20.3%) 54 (20.8%) 

Tertiary referral n (%) 19 (14.4%) 17 (13.3%) 36 (13.8%) 

     

Symptoms pre-admission     
Duration (direct) (days) mean (sd) N 2.3 (3.4) 85 2. (2.9) 81 2.1 (3.2) 166 

Abdominal pain n (%) 132 (100.0%) 127 (99.2%) 259 (99.6%) 

Vomiting n (%) 97 (73.5%) 99 (77.3%) 196 (75.4%) 

Jaundice n (%) 12 (9.1%) 22 (17.2%) 34 (13.1%) 

Diarrhoea n (%) 4 (3.%) 3 (2.4%) 7 (2.7%) 

None n (%) 0 (0.%) 1 (0.8%) 1 (0.4%) 

Comorbidity     
Diabetes n (%) 15 (11.4%) 22 (17.2%) 37 (14.2%) 

MI/HD n (%) 10 (7.6%) 17 (13.3%) 27 (10.4%) 

Hypertension n (%) 45 (34.1%) 47 (36.7%) 92 (35.4%) 

Stroke/CVA n (%) 2 (1.5%) 6 (4.7%) 8 (3.1%) 

Hyperlipidaemia n (%) 19 (14.4%) 39 (30.5%) 58 (22.3%) 

Gout n (%) 3 (2.3%) 3 (2.3%) 6 (2.3%) 

Asthma n (%) 15 (11.4%) 15 (11.7%) 30 (11.5%) 

COPD n (%) 7 (5.3%) 10 (7.8%) 17 (6.5%) 

Chronic renal failure n (%) 2 (1.5%) 2 (1.6%) 4 (1.5%) 

Dementia n (%) 2 (1.5%) 3 (2.3%) 5 (1.9%) 

Comorbidity - none n (%) 70 (53.%) 58 (45.3%) 128 (49.2%) 

Medication     
Aspirin n (%) 11 (8.3%) 16 (12.5%) 27 (10.4%) 

Statin n (%) 21 (15.9%) 41 (32.%) 62 (23.8%) 

Diuretic n (%) 6 (4.5%) 24 (18.8%) 30 (11.5%) 

Antihypertensive n (%) 47 (35.6%) 45 (35.2%) 92 (35.4%) 

Insulin n (%) 4 (3.%) 4 (3.1%) 8 (3.1%) 

Oral hypoglycaemic n (%) 12 (9.1%) 15 (11.7%) 27 (10.4%) 

Anticoagulant n (%) 4 (3.%) 7 (5.5%) 11 (4.2%) 

Inhaler n (%) 21 (15.9%) 20 (15.6%) 41 (15.8%) 

Steroids n (%) 0 (0.%) 2 (1.6%) 2 (0.8%) 

Allopurinol n (%) 2 (1.5%) 2 (1.6%) 4 (1.5%) 

Proton pump inhibitor n (%) 50 (37.9%) 51 (39.8%) 101 (38.8%) 

Admitted on Antibiotics n (%) 19 (14.4%) 18 (14.1%) 37 (14.2%) 

Penicillin allergy n (%) 8 (6.1%) 6 (4.7%) 14 (5.4%) 
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Table 1: Baseline Characteristics 

  

PCT 
NP=132 

Usual care 
NU=128 

Total 
NT=260 

Alcohol and Smoking     
Alcohol n (%) 82 (62.1%) 87 (68.5%) 169 (65.3%) 

Alcohol - units/week mean (sd) N 30.8 (48.6) 62 35.9 (50.9) 72 33.5 (49.8) 134 

Smoking n (%) 36 (27.3%) 30 (23.6%) 66 (25.5%) 

Past medical history     
Previous AP n (%) 17 (12.9%) 20 (15.6%) 37 (14.2%) 

Known CP n (%) 3 (2.3%) 5 (3.9%) 8 (3.1%) 

Previous cholecystectomy. n (%) 11 (8.3%) 10 (7.8%) 21 (8.1%) 

Previous panc surgery n (%) 2 (1.5%) 1 (0.8%) 3 (1.2%) 

Admission physiology     
Admission EWS26 mean (sd) 1.4 (1.4) 1.4 (1.4) 1.4 (1.4) 

Admission EWS median (IQR) 1 (0-2) 1 (0-2) 1 (0-2) 

Admission blood tests     
Hb (g/L) mean (sd) 129.1 (26.4) 131.1 (25.0) 130.1 (25.7) 

WCC (x 109/L) mean (sd) 13.1 (5.3) 12.5 (5.3) 12.8 (5.3) 

CRP (mg/L)  mean (sd) 81.6 (114.7) 73.7 (116.9) 77.7 (115.6) 

Creatinine (µmol/L) mean (sd) 79.8 (49.9) 80.8 (63.6) 80.3 (56.9) 

Urea (mmol/L) mean (sd) 6.5 (8.2) 5.5 (5.0) 6. (6.8) 

Bilirubin (µmol/L) mean (sd) 25.7 (29.3) 33.7 (48.4) 29.6 (40.0) 

Albumin (g/L) mean (sd) 34.1 (7.6) 33.7 (7.7) 33.9 (7.7) 
Alkaline phosphatase 
(U/L) mean (sd) 189.5 (158.1) 188.4 (191.) 189. (174.8) 

Calcium (mmol/L) mean (sd)  2.5 (1.0) 2.4 (0.2) 2.5 (0.7) 

Glucose (mmol/L) mean (sd) 8.2 (3.2) 8.2 (4.6) 8.2 (4.0) 

Lipase (U/L) mean (sd) 2789 (3824) 2445 (3264) 2618 (3553) 

Admission ultrasound     
Ultrasound performed n (%) 90 (68.7%) 87 (68.%) 177 (68.3%) 

Gallstones n (%) 35 (38.9%) 43 (49.4%) 78 (44.1%) 

Biliary dilatation n (%) 8 (8.8%) 14 (16.5%) 22 (12.5%) 

Admission CT     
CT performed n (%) 63 (47.7%) 53 (41.4%) 116 (44.6%) 

Intravenous contrast n (%) 61 (96.8%) 51 (96.2%) 112 (96.6%) 

CTSI27 median (IQR) 3 (1-6) 2 (1-5) 2 (1-6) 

Necrosis score median (IQR) 0 (0-2) 0 (0-2) 0 (0-2) 

Grade     

A n (%) 4 (6.6%) 4 (7.8%) 8 (7.1%) 

B n (%) 18 (29.5%) 18 (35.3%) 36 (32.1%) 

C n (%) 11 (18.%) 7 (13.7%) 18 (16.1%) 

D n (%) 13 (21.3%) 10 (19.6%) 23 (20.5%) 

E n (%) 15 (24.6%) 12 (23.5%) 27 (24.1%) 
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Table 1: Baseline Characteristics 

  

PCT 
NP=132 

Usual care 
NU=128 

Total 
NT=260 

Admission organ function     
APACHE II28 mean (sd) 6.1 (4.6) 6.9 (4.4) 6.5 (4.5) 

MODS29 median (IQR) 0 (0-1) 0 (0-1) 0 (0-1) 

Aetiology     
Gallstones n (%) 56 (42.4%) 57 (44.5%) 113 (43.5%) 

Alcohol n (%) 40 (30.3%) 41 (32.%) 81 (31.2%) 

Post ERCP n (%) 8 (6.1%) 9 (7.%) 17 (6.5%) 

Post PTC n (%) 2 (1.5%) 0 (0.%) 2 (0.8%) 

Autoimmune n (%) 1 (0.8%) 0 (0.%) 1 (0.4%) 

Drug-related n (%) 3 (2.3%) 2 (1.6%) 5 (1.9%) 

Hyperlipidaemia n (%) 5 (3.8%) 6 (4.7%) 11 (4.2%) 

Pancreatic Cancer n (%) 1 (0.8%) 0 (0.%) 1 (0.4%) 

Idiopathic n (%) 16 (12.1%) 13 (10.2%) 29 (11.2%) 

Admission microbiology     
Positive blood culture  10 (7.6%) 3 (2.3%) 13 (5.%) 

Positive urine culture  3 (2.3%) 2 (1.6%) 5 (1.9%) 

Positive sputum culture   n (%) 2 (1.5%) 0 (0.%) 2 (0.8%) 

Skin MRSA n (%), N 1 (0.9%), 116 2 (1.7%), 120 3 (1.3%), 236 

Positive drain culture  n (%) 1 (0.8%) 2 (1.6%) 3 (1.2%) 

Positive faecal culture  n (%) 3 (2.3%) 1 (0.8%) 4 (1.5%) 

     
Legend for Table 1:  Baseline characteristics. 

PCT = procalcitonin.  Np = Number in procalcitonin arm.  NU = Number in usual care arm.  NT= Total. sd 
= standard deviation. Duration = symptom duration prior to admission for patients admitted directly to 
this hospital.  MI/HD = myocardial infarction/heart disease. CVA = cerebrovascular accident.  COPD = 
chronic obstructive pulmonary disease.  AP = acute pancreatitis.  CP = chronic pancreatitis.  Panc = 
pancreatic.  EWS = Early Warning Score.26 IQR = Interquartile range. Hb = haemoglobin.  WCC = 
White cell count.  G = grams. L = liter. mg = milligram. µmol = micromole.  mmol = millimole. Mol = 
mole. U = units. CTSI = CT severity index.27  APACHE II = Acute Physiology and Chronic Health 
Evaluation.28  MODS = Multiple Organ Dysfunction Score.29 ERCP = Endoscopic retrograde 
cholangiopancreatography.  PTC = percutaneous transhepatic cholangiography.  MRSA = methicillin 
resistant staphylococcus aureus. Multires = multiresistant. 
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Table 2: Primary and secondary endpoints by treatment group 

  
PCT 

NP=132 
Usual care 

NU=128 
Estimate* 

Antibiotic use n (%) 59 (44.7%) 79 (61.7%) -15.6% (-27.0%, -4.2%), 0.007 

Prophylactic use excluded n (%) 41 (31.1%) 60 (46.9%) -14.2% (-24.4%, -4.1%), 0.006 

Mortality (all cause) n (%) 4 (3.0%) 3 (2.3%) 0.69% (3.2%, 4.6%), 0.732 

Days of antibiotic use mean (sd) 4.5 (10.5) 5.8 (10.6) -1.16 (-2.10 to -0.22), p=0.015 

Clinical Infections mean (sd) 0.39 (1.02) 0.27 (0.8) 0.046, (-0.086, 0.177), 0.495 

Hospital-acquired infections mean (sd) 0.24 (0.74) 0.11 (0.46) -0.005 (-0.055, 0.045), 0.840 

Length of stay (total) mean (sd) 13.6 (18.8) 10.7 (12.5) 0.9 (-0.7,2.6) 0.277 

Cost (£) mean (sd) 4734 (7465) 7050 (14375) £373 (-297 to 1043), 0.275 

 
Legend for Table 2: Primary and secondary endpoints by treatment group. 
*Estimates are adjusted differences with (95%CI) and p-value and produced using adjusted GLM models. 
 
 

Table 3: Clinical infections 

  
PCT 

NP=132 

Usual 
care 

NU=128 
Candida albicans n (%) 6 (4.5%) 6 (4.7%) 
Clostridium difficile n (%) 3 (2.3%) 3 (2.3%) 
Carbapenemase producing enterobacterales n (%) 4 (3.%) 2 (1.6%) 
Escherichia coli n (%) 2 (1.5%) 3 (2.3%) 
Enterobacter n (%) 4 (3.%) 1 (0.8%) 
Extended Spectrum Beta-Lactamase  n (%) 1 (0.8%) 0 (0.0%) 
Haemophilus Influenzae  n (%) 1 (0.8%) 0 (0.0%) 
Klebsiella spp n (%) 7 (5.3%) 5 (3.9%) 
Multi-resistant organism bacteraemia n (%) 2 (1.5%) 0 (0.0%) 
Methicillin resistant staphylococcus aureus n (%) 1 (0.8%) 1 (0.8%) 
Pseudomonas aeruginosa n (%) 2 (1.5%) 2 (1.6%) 
Staphylococcus n (%) 2 (1.5%) 2 (1.6%) 
Streptococcus pneumoniae n (%) 8 (6.1%) 5 (3.9%) 
vancomycin resistant enterococcus n (%) 7 (5.3%) 4 (3.1%) 
Infected pancreatic necrosis n (%) 8 (6.1%) 5 (3.9%) 

  

Legend for Table 3: Clinical infections 
Spp = species plural. 
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Table 4: Adverse events 

 

PCT 
NP=132 

Usual care 
NU=128 

None 119 (90.2%) 110 (85.9%) 

Any adverse event 13 (9.9%) 18 (14.1%) 

Not severe 4 (30.8%) 7 (38.9%) 

Severe 9 (69.2%) 11 (61.1%) 

Expected 8 (61.5%) 7 (38.9%) 

Unexpected 5 (38.5%) 11 (61.1%) 

Resolved 12 (92.3%) 15 (83.3%) 

Resolved with sequelae 1 (7.7%) 3 (16.7%) 
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Figure 1: CONSORT Flow Diagram for PROCAP. 

 
 
 
Legend for Figure 1: CONSORT Flow Diagram for PROCAP. 
AP = Acute Pancreatitis.  Consultant = attending physician.  Non-English, no translator = Non-English 
speaker, no translator service available. 
 
  

Assessed for eligibility (n=369)

Excluded (n=109)
• Patient declined (n=36)
• Not acute pancreatitis (AP)  (n=21)
• Personnel unavailable to recruit (n=15)
• AP meeting exclusion criteria (n=12)
• Non-English, no translator  (n=11)
• AP not meeting inclusion criteria (n=7)
• Covid 19 pancreatitis (n=5)
• Consultant declined (n=2)

Randomised (n=260)

Allocated to PCT algorithm (n=132)
Received allocated intervention (n= 132)

Allocated to usual care (n=128)
Received allocated intervention (n= 128)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Analysed (n=132) Analysed (n=128)
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Figure 2: Primary endpoint: Antibiotic  

Legend for Figure 2: Primary endpoint: Antibiotic use. 
AB = Antibiotics.  AP = Acute Pancreatitis. 
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−22.9% (−38.3%, −7.4%), 0.004
−7.5% (−24.2%, 9.2%), 0.378

−15.9% (−28.7%, −3.1%), 0.01
−14.6% (−39.6%, 10.5%), 0.255

−20.5% (−33.1%, −7.9%), 0.001
−0.2% (−24.4%, 24.1%), 0.990

Primary endpoint: antibiotic use

Primary and sensitivity analysis

Adjusted (primary analysis)

Unadjusted

Prophylactic AB excluded

AP severity: low
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Direct admission
Tertiary referral

Pre−covid (<23/3/20)
Post−covid

−0.6 −0.4 −0.2 0.0 0.2 0.4

Risk difference (95%CI)
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SUPPLEMENTAL TABLES FOR APPENDIX 

 

Procalcitonin test values and clinical decision 

 Procalcitonin test value 

Decision 
10th 

centile 
25th 

centile 
median 

75th 
centile 

90th 
centile 

N 

No antibiotics 0.10 0.10 0.12 0.26 0.58 157 (53.0%) 

Stop antibiotics 0.10 0.20 0.34 0.74 0.86 38 (12.8%) 

Start antibiotics 0.34 1.55 3.10 7.00 19.00 32 (10.8%) 

Continue antibiotics 0.54 1.20 2.50 6.20 39.00 61 (20.6%) 

Missing      8 (2.7%) 

 
Legend for Appendix Table: Procalcitonin test values and clinical decision 
Six procalcitonin tests reporting a value ‘<0.01’ were arbitrarily recoded as 0.001 ng/ml. The mean 
procalcitonin value reported was 4.32 ng/ml (sd 16.012, n=288). the optimum threshold for a positive 
procalcitonin test for this study was 1.0 ng/ml. The distribution of procalcitonin test values and 
subsequent clinical decisions are shown. 
 
 
 
 

Hospital-acquired infections 

  
PCT 

NP=132 
Usual care 

NU=128 
Total 

NT=260 

Central line bacteraemia n (%) 9 (6.8%) 4 (3.1%) 13 (5.0%) 

Catheter-associated UTI n (%) 9 (6.8%) 4 (3.1%) 13 (5.0%) 

Surgical Site infection n (%) 4 (3.0%) 2 (1.6%) 6 (2.3%) 

Pneumonia n (%) 4 (3.0%) 3 (2.3%) 7 (2.7%) 

Ventilator acquired pneumonia n (%) 6 (4.5%) 1 (0.8%) 7 (2.7%) 

Total hospital-acquired infections mean (sd) 0.24 (0.74) 0.11 (0.46) 0.18 (0.62) 
 

Legend for Appendix Table: Hospital-acquired infection. 
UTI = urinary tract infection. 
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Acute pancreatitis-related procedures 

  
PCT 

NP=132 
Usual care 

NU=128 
Total 

NT=260 

NJ feeding tube n (%) 9 (6.8%) 7 (5.5%) 16 (6.2%) 

TPN n (%) 11 (8.3%) 6 (4.7%) 17 (6.5%) 

Percutaneous drain n (%) 12 (9.1%) 13 (10.2%) 25 (9.6%) 

Endoscopic necrosectomy n (%) 9 (6.8%) 6 (4.7%) 15 (5.8%) 

Embolisation n (%) 4 (3.0%) 0 (0.%) 4 (1.5%) 

Surgical necrosectomy n (%) 3 (2.3%) 1 (0.8%) 4 (1.5%) 

Cholecystectomy n (%) 30 (22.7%) 34 (26.6%) 64 (24.6%) 

ERCP n (%) 4 (3.%) 15 (11.7%) 19 (7.3%) 

EUS n (%) 5 (3.8%) 2 (1.6%) 7 (2.7%) 
 
Legend for Appendix Table: Acute pancreatitis-related procedures. 
NJ = nasojejunal.  TPN = total parenteral nutrition. EUS = endoscopic ultrasound. 
 
 
 
 

Health-related quality-of-life 

  PCT Usual care Total 

EQ-5D-5L, recruitment mean (sd), n 0.458 (0.317), 118 0.493 (0.290), 120 0.476 (0.304), 238 

EQ-5D-5L, discharge mean (sd), n 0.660 (0.264), 89 0.693 (0.234), 87 0.677 (0.250), 176 

EQ-5D-5L, day 90 mean (sd), n 0.733 (0.318), 29 0.691 (0.303), 28 0.712 (0.309), 57 

EQ-VAS, recruitment mean (sd), n 48.4 (22.3), 120 52.7 (24.0), 121 50.6 (23.2), 241 

EQ-VAS, discharge mean (sd), n 69.1 (22.1), 85 71.2 (18.9), 83 70.1 (20.6), 168 

EQ-VAS, day 90 mean (sd), n 77.5 (14.9), 26 79. (18.4), 25 78.2 (16.5), 51 
 
Legend for Appendix Table: Health-related quality of life. 
VAS = Visual analogue score. 
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Adverse events in detail. 

 

PCT 
NP=132 

Usual care 
NU=128 

Acute confusional episode 1 0 

Acute coronary syndrome 1 0 

Acute delirium 1 0 
Blood transfusion because of 
spherocytosis 0 1 
Bowel injury during laparoscopic 
cholecystectomy 0 1 

Caecal injury by percutaneous drain 0 1 

Death 4 3 
Delay to Whipple 
pancreatoduodenectomy* 0 1 

Epileptic seizure 1 0 

ERCP perforation 0 1 

False aneurysm bleed 1 0 

Gastroduodenal artery false aneurysm 2 0 

Hospital acquired pneumonia 0 2 

Hyperkalaemia known renal impairment 0 1 

Hypertension needing head CT 1 0 

MI 0 1 

Pneumonia 0 1 

Pulmonary embolus 0 1 

Seizure 0 1 
Small bowel obstruction requiring 
laparotomy 1 0 

Splenic vein thrombosis 0 1 

New diagnosis of small cell carcinoma 0 1 

Unresponsive episode 0 1 
 
Total 13 18 

 

Legend for Appendix Table: Adverse events in detail. 
*Patient awaiting Whipple pancreatoduodenectomy admitted with clinical acute pancreatitis. 
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