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Background and Rationale 

Coronavirus disease 2019 (COVID-19) has a clinical course that can be characterised by rapid 

deterioration and a high mortality rate, particularly among susceptible groups. Early identification of 

patients at risk of deterioration could help to facilitate early decision-making regarding treatment 

and escalation of care (1). Following an initial study which found unsatisfactory performance of 

existing risk scores in the assessment of patients with COVID-19, the 4C mortality score was 

developed in order to better inform clinical decision making in patient hospitalised with COVID-19 

(2–5). Based on eight easy to access variables that include patient characteristics, physiological and 

blood parameters on admission, the 4C score outperformed 15 pre-existing prognostic scores in 

predicting mortality risk in patients with COVID-19 (4). Furthermore, the score stratifies patients’ in-

hospital mortality risk into four risk categories, which can be accessed and easily calculated using an 

online calculator. The 4C mortality score has since been independently validated in data from several 

countries worldwide, and a recent updated systematic review deemed the 4C score to have low risk 

of bias (6–11) .  

Since publication of the 4C mortality score in September 2020 (4), UK hospitals have faced two 

further ‘waves’ of SARS-CoV-2 infection, the first from September to November 2020, and most 

recently from December 2020, which peaked in mid-January 2021 (12). To our knowledge, no study 

has assessed the extent to which the 4C mortality score has been adopted into COVID-19 specific 

management guidance in UK hospitals, or the degree to which the score has been utilised to inform 

patient management.  

We believe that the 4C mortality score is the best tool currently available to help clinicians assess in-

hospital mortality risk in COVID-19 patients. In this study, we aim to gain a greater understanding of 

whether, and how, the 4C mortality score has been incorporated into the assessment of COVID-19 

patients in UK hospitals. We hope to use this information to provide clinicians with key insights into 

the use of the 4C score ahead of another potentially challenging wave of infection. 

Study Objectives 

1. To ascertain whether UK hospitals have adopted COVID-19 specific management guidance or 

protocols 

2. To describe if and how the 4C mortality score has been incorporated into COVID-19 specific 

guidance or documentation 
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3. To identify whether the 4C mortality score was used by clinicians in their assessment of 

patients with COVID-19 during a 2-week period in the peak of the second wave (11-24th 

January 2021) 

Outcome Measures 

1. The proportion of hospitals that have adopted COVID-19 specific management guidance 

2. The proportion of hospitals that have incorporated the 4C mortality score into COVID-19 

specific management guidance 

3. The proportion of patients for whom a 4C score was documented in the casenotes during a 

2-week period (11-24th January 2021) 

Methods 

The VALUE 4C study comprises two parts: i) an observational cross-sectional study and ii) a 

retrospective cohort study.  

Part 1. Observational cross-sectional study  

Part 1 will comprise a questionnaire to collect basic information regarding participating hospital 

sites, including whether specific COVID-19 management guidance exists. Where specific guidance 

exists, further questions will assess the role of the 4C score within these documents. 

Study Population  

The study population comprises the individual hospital sites. National audit networks of trainees will 

identify medical staff willing to participate in the project, who will in turn complete part 1 of the 

questionnaire on behalf of their hospital sites.  

Sample Size 

As many UK hospitals as possible will be asked to participate. 

Inclusion criteria 

¶ UK hospital with acute admissions capacity 

¶ Medical staff willing to participate in the project 
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Part 2. Retrospective cohort study  

Part 2 comprises a review of the casenotes for eligible patients admitted during the study period. In 

addition to basic demographic information, this will capture whether or not the 4C mortality score 

was documented in the casenotes of patients presenting to hospital with COVID-19 from 11th to 24th 

January 2021. 

Study Population  

The study population is defined as eligible patients at each hospital site (as per eligibility criteria). 

We envision that all patients that presented with COVID-19 during the study period will have been 

COVID-19-associated coding on discharge, which should enable local investigators to identify a list of 

patients that can then be assessed for suitability as per the eligibility criteria.  

Sample size 

We aim to include all eligible patients (as specified below). Each investigator will be required to 

submit a minimum of 100 cases1 to be included as a named author on the manuscript (see 

Authorship section below). Certificates of audit participation will be provided for investigators who 

submit fewer than 100 cases. 

Inclusion criteria 

¶ Age 18 years and over 

¶ Any patient reviewed in the Emergency Department, Medical Assessment unit or admitted to an 

acute hospital bed from 11th January 2021 to 24th January 2021, inclusively 

¶ First positive COVID-19 PCR < 14 days prior to presentation or < 7 days of hospital admission 

¶ Diagnosis of ‘Covid-19’, ‘Covid-19 pneumonia’, ‘Covid-19 pneumonitis’, ‘SARS-CoV-2 infection’ or 

‘SARS-CoV-2 PCR positive’ on Emergency Department or hospital discharge documentation 

Exclusion criteria 

¶ First positive SARS-CoV-2 PCR ≥ 14 days prior to admission or review in the ED 

¶ Any patient re-admitted or re-reviewed following a discharge from an acute hospital bed having 

been admitted due to COVID-19 infection 

¶ Hospital onset COVID-19 infection, i.e. first positive SARS-CoV-2 PCR ≥7 days following admission 

to an acute hospital bed 

                                                           
1
 We anticipate it will take 3-4 minutes to extract the required data for 1 case patient in Part 2. 
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Patients will be identified via discharge coding and assessed for eligibility based on the eligibility 

criteria.  

 

 

Recruitment and training 

Investigators will be invited to participate via existing UK national trainee audit and research 

networks (such as NITCAR) representing individual hospital sites. One principal local investigator will 

be identified from each participating hospital site. It is likely that our recruitment strategy will 

predominantly identify Infectious diseases trainees working in hospitals with onsite Infectious 

diseases units. Local investigators will be encouraged to recruit other investigators at hospital sites 

within the same trust/ health board to encourage recruitment of as many hospital sites as possible. 

Training on the implementation of the study will be provided online to investigators, Project leads 

will provide support to investigators throughout the study. Additionally, 2-weekly online meetings 

with investigators will be held to discuss study progress. 

Withdrawal procedures 

Local investigators may withdraw at any time. Investigators who withdraw without submitting a 

complete data set will not be eligible for authorship. 

Data collection and management 

Anonymised data will be collected using REDCap and stored on a https encrypted webserver hosted 

by the College of Medical Veterinary and Life Sciences at the University of Glasgow. Investigators will 

be granted a username and password after undergoing online study training. Access to the 

webserver is password protected and data are backed up daily. This will allow multiple sites to 

submit data simultaneously to a central database, while allowing the project leads to monitor the 

rate of data submission from sites across the country. The PI and project leads will retain ownership 

of all data collected.  Individual sites may wish to present local data prior to study publication. Any 

plans to do so must be discussed with the PI and project leads. Only local presentations will be 

considered prior to publication of results. 

Data analysis  
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Data will be requested prior to the study end date. As we hope to complete the study in time to 

inform the management of COVID-19 patients ahead of a potential winter wave. Part 2 data will only 

be included if collected by the end of August 2021 (Note 22/8/21: Extended to end of Sept 2021). 

Part 1 of our questionnaire will generate simple data that will allow us to explore the 

implementation of local guidance in the assessment and management of COVID-19. We will 

calculate the proportion of hospitals that have adopted COVID-19 specific management guidance, 

and characterise the varying forms of guidance and protocols. We will identify the proportion of this 

guidance to reference the 4C mortality score and/or the online 4C mortality risk calculator. We will 

illustrate the different ways in which guidance has been developed to encourage clinicians to use 

risk scoring. We will determine the proportion of patients with confirmed COVID-19 over a 2-week 

period in January 2021 that have a 4C mortality risk score documented in their case notes, and will 

look for any correlation between the type of guidance documents and the prevalence of 4C 

mortality score documentation. Results are reported in accordance with the Strengthening the 

Reporting of Observational Studies in Epidemiology (STROBE) statement for observational studies 

(13).  

Study management and oversight arrangements 

The study will be co-ordinated by the project leads (Blunsum, Perkins, MacConnachie) and PI (Ho). 

Role of investigators recruited via trainee audit networks 

Investigators will be expected to:  

- Review the study protocol 

- Submit the project for local Caldicott Guardian approval 

- Attend online training 

- Complete part 1 of the questionnaire by researching the COVID 19 documents available online at 

their hospital site and any documents which may be in use in acute clinical areas 

- Approach local coding departments in order to obtain a list of patients who may be suitable for 

the retrospective case note review 

- Identify patients as per the eligibility criteria 

- Administer the retrospective review and record information on REDCap prior to the study end 

date 

Authorship 
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Authorship will be in line with NITCAR authorship policy, available on the NITCAR website. 

Investigators who only submit part 1 of the study will be eligible for a Certificate of audit 

participation, and will be listed as named contributors in an appendix document but will not be 

eligible for citable authorship. 

Any contributors who submit both parts 1 and 2 would be eligible for citable authorship. A minimum 

of 100 patient records must be submitted for part 2 by an individual investigator in order to be 

eligible for citable authorship. Investigators who submit fewer than 100 patient records for part 2 

will be eligible for a Certificate of audit participation.  In the unlikely scenario that fewer than 100 

eligible patients were admitted to a study site during the study period, authorship will be 

determined by the project leads and the NITCAR committee. The structure of authorship may 

include a writing committee, or a group authorship, as dictated by the policy of the journal the 

manuscript is submitted to. Only journals who are willing to allow citable authorship for those who 

submit both parts 1 and 2 and comply with ICMJE criteria will be considered for submission. 

Consent and ethics 

The project has been classified as service evaluation by the NHS Greater Glasgow and Clyde 

Research Ethics Committee. Caldicott Guardian approval will need to be sought at each participating 

hospital site. 

 

Timeline 

                                                                      2021 

 

      May       June     July August September   October November 

Study design                             
REDCap 
questionnaire 
design                             

Local ethics 
approval                             

Site 
recruitment 
and training                             

Data 
collection                             

Data analysis                             

Preparation 
of 
manuscript                             

Submission                             



 
   9 

VALUE 4C STUDY PROTOCOL v1.1 

for 
publication 
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