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“…the term health informatics is commonly used to describe the study 

and application of computers to assist the gathering, storage, 

processing, and use of information to improve the procedures or 

outcomes of health care services.”   

Frank Sullivan PhD1 

 

 

“If physiology literally means ‘the logic of life’, and pathology is ‘the 

logic of disease’, then health informatics is the logic of healthcare. 

Enrico Coiera2 
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Abstract  

The National Early Warning Score (NEWS) is a clinical tool that combines vital sign 
observations of patients in hospital to indicate how unwell the patient is. It was 
recommended for adoption across NHS England and Wales by the Royal College of 
Physicians London in 2012. Associated protocols further dictate escalation of care 
based on NEWS value, ranging from increasing frequency of observations, through 
clinical review of the patient, to emergency assessment by the critical care 
team. NEWS has been extensively validated for the use in medical patients. This study 
investigated the suitability of NEWS for use in surgical patients.    

The pilot study suggested NEWS’s ability to identify deterioration in surgical patient 
was comparable to its performance in medical patients.  For the initial study, no 
information was available on patient operative status, i.e. whether observations were 
taken pre- or post-theatre or the patient was discharged without an operation. For 
the main study, the dataset was therefore extended to include operating theatre data. 

Analysis was limited to 200,000 non-elective admissions. Data were split into medical 
and surgical patient groups, and divided by the number of visits to operating theatre. 
Descriptive statistics, NEWS distributions, outcome rates including mortality, and 
efficiency curves were generated. The ability of NEWS to discriminate outcome was 
assessed. 

Compared to medical patients, surgical patients were found to have a lower average 
age, proportionately fewer high NEWS values, with higher associated observed 
risk. Results indicated the trigger level for surgical patients prompting clinical review 
could be reduced from NEWS of 5 to 4, without increasing workload on ward staff.  

In summary, NEWS was validated as suitable for use in the care of surgical 
patients. Further investigation of the lower trigger level for surgical patients was 
suggested but this is a decision that can only be taken by the Royal Colleges. 
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1. Introduction 

1.1 Background and research context 

Patients are admitted to hospital when they need the treatment and nursing care that 

can only be provided in hospital.  Stays in hospital are shorter than they used to be for 

a number of reasons new treatments and an increase in day case surgery has reduced 

the need for long hospital stays but also numbers of beds available have been reduced 

in common with other health systems comparable to that of the UKa.   This has caused 

problems in that hospitals have had very high occupancy rates, leading to delays in 

admission. The risk of hospital acquired infection is another reason for keeping 

hospital stays as short as possible. 

Staffing levels across the NHS can be tight and the numbers of unfilled nursing and 

doctor vacancies feature regularly in the media3.  Nurses and health-care assistants 

are busier than ever, so tools to support the work of those caring for patients on the 

wards are key to improve patient safety and outcome.  Patients who are sick can 

deteriorate and this needs to be identified as soon as possible and care can be 

escalated, for example, review of the patient by a senior clinician or starting a new 

course of medication, such as antibiotics where sepsis is suspected.  Care escalation 

may start with increasing the frequency of observations with the goal of picking up 

acute deterioration whilst it is still possible to address the cause.  Healthcare treads a 

fine line between caring for the sick and avoiding over-treatment which could in itself 

cause more problems.  Some patients will go on to die, but if the patient’s condition is 

recognised and appropriate care is given in a timely fashion the numbers of patients 

dying will be minimised. 

The National Early Warning Score is a tool designed to assist in the identification of 

the deteriorating patients and is based on the routine observation of vital signs that 

are made at the bedside by nurses or healthcare assistants.  This is a key part of 

patient care enabling changes in the patient’s condition to be documented and 

identified at prescribed, regular intervals. 

1.2 Queen Alexandra Hospital, Portsmouth 

Queen Alexandra Hospital [QAH], the main site of Portsmouth Hospitals University 

NHS Trust [PHU], serves the population of Portsmouth and south-east Hampshire or 

the order of 675,000 people.  QAH has 1,200 beds and one of the largest Intensive 

                                                        
a  https://bit.ly/3ibYkCn , The Kings Fund: NHS hospital bed numbers: past, present, future  

 



 
 
 

2 
 

Care Units (ICU) in the UK providing 25 to 30 adult Level 3 (intensive care) and Level 

2 (high dependency care) beds, admitting around 1,500 patients per year.b  These are 

in a single ward structure with both ICU and HDU beds which are allocated by senior 

specialist nurse depending on clinical need and staff availability.  

Table 1.1 describes key to Levels of Care on hospital wards at QAH.   

Table 1.1 Overview of different levels of care on hospital wardsc  

Level Description 

0 Patient whose needs can be met through normal ward care in an acute 

hospital 

1 Patients at risk of their condition deteriorating, or those recently relocated 

from higher levels of care whose needs can be met on an acute ward with 

additional advice and support from the critical care team 

2 Patients requiring more detailed observation or intervention including 

support for a single failing organ system or post-operative care and those 

“stepping down” from higher levels of care 

3 Patients requiring advanced respiratory support alone or monitoring and 

support for two or more organ systems.  This level includes all complex 

patients requiring support for multi-organ failure 

 

There are other critical care areas in the hospital: 

Respiratory high care is a unit which provides Level 2 care for patients with Type II 

respiratory failure who require non-invasive ventilation such as C-PAP (continuous 

positive airway pressure) or Bi-PAP (bi-level positive airway pressure, where 

inspiratory positive airway pressure is higher than expiratory positive airway 

pressure)) for their breathing difficulties. The unit is staffed by specialist nurses 

trained to care for these patients with diagnoses such as chronic obstructive 

pulmonary disease (COPD), asthma or pneumonia. 

There are also organ specific high care beds which are staffed by highly trained 

nurses managing one organ system, such as the coronary care unit where patients 

will typically have either suffered a heart attack or required a stent. 

                                                        
b Information taken from Portsmouth Hospitals NHS Trust Staff Handbook 2016 and hospital website: 
https://bit.ly/3znKxOS, ICU/HDU and other specialist wards, points clarified by Mr A. Darbyshire. 
c Taken from: https: datadictionary.nhs.co.uk/attributes/critical_care_level.html 

 

https://bit.ly/3znKxOS


 
 
 

3 
 

The surgical high-care unit is a normal ward but is again staffed by specialist nurses 

who are trained to care for patients who have had major surgery with complex 

nursing needs.  These patients are stable but need extra post-operative care. 

Patients are admitted either through Accident and Emergency (A&E) or direct to the 

ward, arriving either by ambulance or other means. Those admitted via A&E are 

triaged in A&E before being admitted to an assessment unit such as the Medical 

Assessment Unit (MAU) or Surgical Assessment unit (SAU) if for general surgery or 

urology, Trauma Assessment Unit (TAU) for orthopaedic patients, Coronary Care 

Unit, or other diagnosis specific ward subject to bed availability.   Customary patient 

ward care includes taking vital signs observations, typically blood pressure, breathing 

rate, pulse, oxygen saturation, level of consciousness, and temperature.  Since 2010 

patient vital signs’ observations have been recorded electronically hospital-wide, 

except for A&E and ICU which have their own separate systems which were not 

available at the time of analysis.   Vital signs’ observations are routinely recorded for 

each patient at least twice daily although this may vary depending on the most recent 

NEWS value.  QAH has its own protocol regarding observation frequency which is 

based on RCP recommendations.4  At QAH the VitalPAC system is used to record vital 

signs observations with a hand-held device. 

1.3 Early warning scores and the development of NEWS 

Early warning scores (EWS) were developed as a tool to assist in identification of 

patients deteriorating on the hospital ward using vital signs’ observations.  Early 

work on the potential and effectiveness of EWS was undertaken at QAH which led to 

the development of ViEWS, the VitalPACd Early Warning Score.  ViEWS used data 

collected from patients admitted to the MAU and was published in 20105.  VitalPAC is 

the system used to collect vital signs and other patient observations using a hand-

held device to input readings as they are taken.  The system is also programmed to 

remind nurses when the next set of observations are due and whether they are late or 

missed altogether.   

The goal had been to create an EWS that could be used with pen and paper. This work 

drew on the clinical experience and digital and modelling expertise of the research 

team members to develop an aggregate weighted track and trigger system (AWTTS) 

as they were then known.   AWTTS were so called because they were used to track 

the patient’s condition by assigning points according to how far from normal ranges 

each observation value was, all the points were then summed to give a total score.  

The term “trigger” was used to denote an action to be performed at a particular level 

of total score.  ViEWS was one such early warning score and was used to form the 

basis of the National Early Warning Score (NEWS), published by the Royal College of 

                                                        

1.1.1.1 d VitalPAC is now known as CareFlow Vitals, System C. 
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Physicians in 20126. The origins and development of early warning scores and NEWS 

will be discussed further in Chapter 2.  

The data used for the research presented in this thesis predates the publication of the 

updated version of NEWS, known as NEWS 2, but for completeness it is included 

below. 

1.4 NEWS 2  

NEWS 2 was an updated version of NEWS, mandated across NHS England from 

2018/19, with financial penalties to trusts not adopting the new score system. NEWS 

2 is very similar to NEWS but includes a separate oxygen saturation scale for patients 

at risk of Type II respiratory failure.  NEWS 2 also includes an additional state in the 

“Level of Consciousness/AVPU” section: new onset confusion is considered to be a 

similar risk to “responds to voice, pain or unresponsive”. To date there is not much 

evidence to support NEWS 2 and there have been at least two papers (Smith, Redfern, 

Pimentel et al, 2019; Hodgson, Congleton et al, 2018)  querying the evidence for 

adoption of NEWS 27,8.   

1.5 Research questions 

In this thesis, we set out to answer the following questions: 

• NEWS has been shown to be an effective tool in the identification of the 

deteriorating medical patient (Prytherch, 2010; Smith 2013)9,10 , is NEWS an 

appropriate tool to use in the carte of surgical patients? 

• Should the trigger levels for care escalation as advised by the Royal College of 

Physicians London (2012, 2017) be the same for surgical and medical 

patients? 

• What is the difference in NEWS performance between surgical patients who go 

to theatre and those who do not? 

• How does NEWS performance change over time in the immediate post-

operative period? 

 This thesis will continue in Chapter 2 where a review of literature will be presented 

relating to the development of score systems and early warning scores prior to NEWS 

and to the care of surgical patients using NEWS.  Chapter 3 will consider research 

design and methodology underpinning this research.  Chapter 4 will detail the work 

of the first study towards publication in British Journal of Surgery in 2016.  Chapter 5 

will present the main study where further analysis of an extended dataset including 

operating theatre data will be described. Chapter 6 will present additional analysis of 

post-operative NEWS. Chapter 7 will present the conclusions and suggested further 

work. 
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2 Literature Review 
The papers that form the basis of this review have been collected over a number of 

years from many different sources including searches carried out as part of a 

research assistant role, snowballing the existing literature-base of the research group, 

and papers recommended by experts in the field.  

This chapter provides an overview of the development and application of selected 

score systems commonly used in healthcare settings.  Particular focus is placed on 

systems used to assess surgical patients and the care of surgical patients on return to 

the ward. 

2.1 Introduction 

Great advancements in medical treatment and potential patient care have been made 

in recent times: from discoveries of new medications, new surgical procedures and 

the invention of new diagnostic imaging to name but a few.  In some areas this has not 

always been reflected in patient outcome and safety.  Quality improvement 

programmes were instigated to address differences in patient outcome and mortality 

across different care providers. A key factor to improving patient safety was 

recognition of the problem and better understanding of patient risk and other 

influencing factors, including risk adjustment. This was enabled by data collection 

and analysis to quantify patient risk. 

Concurrently, there were also great developments in information technology and 

computing which have had an impact on data storage and hospital administration 

systems.  Costs of computer technology have reduced whilst complexity and 

performance have increased 11. Many healthcare settings are introducing Electronic 

Medical Records, which in turn provides more opportunity for informatics research 

using digitally held results and records. 

Deriving meaning from large quantities of data involves looking for patterns in the 

data and building models to predict the probability of future events. This falls under 

the umbrella term Machine Learning, a branch of Artificial Intelligence. An example of 

Machine Learning in action would be clinical decision support systems (CDSS) 

designed to assist clinicians by using characteristics of individual patients which were 

then used to recommend options (Kawamoto 2005; Bright 2012)12,13. Patterns in the 

data are detected using different statistical techniques such as logistic regression, 

decision trees, random forests, and principal component analysis. Clifton reviewed 

the literature to highlight examples where machine learning has been used in health 

informatics to improve clinical patient care14. Shamout reviewed the use of machine 

learning for clinical outcome prediction15. 
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The quantification of patient risk led to the development of multiple score systems for 

various purposes ranging from gauging pre-operative patient risk to facilitate 

meaningful comparison between hospitals or surgeons for performance audit or 

admission to Intensive Care Units (ICU). It was the development of these score 

systems that underpinned the creation of early warning scores.  The particularly 

noteworthy score systems are considered below.  

Two studies are worthy of particular mention: the American Society of 

Anesthesiologists Physical Status (ASA-PS) score, because it was the first attempt to 

classify patient pre-operative condition and is included as a factor in systems 

developed more recently16,17. The second, National Veterans Affairs Surgical Risk 

Study (NVASRS) led to the establishment of systems enabling a substantial quality 

improvement programme that was subsequently adopted by the American College of 

Surgeons across the United States of America.18,19 

2.1.1 The American Society of Anesthesiologists Physical Status score  

The American Society of Anesthesiologists Physical Status (ASA-PS) score, originally 

devised in 194116, by Meyer Saklad, Emery Rovenstine, and Ivan Taylor for the 

“Grading of Patients for Surgical Procedures” report, was the earliest example of a 

risk classification system.  This was adopted by the ASA in 1963 to describe the 

fitness of a patient to undergo an anaesthetic and remains in use as part of pre-

operative patient assessment in many parts of the world.17  

The ASA-PS consists of classes ranging from “1” to “6”, where the first represents a 

patient in peak health and the last a moribund patient. ASA-PS does not include age as 

part of the classification.  Some other score systems, for example, ACS-NSQIP , 

“Surgical Risk Scale” (Sutton 2002; Donati 2004)20,21, and “Surgical Outcome Risk 

Tool”(Protopapa 2014)22 include the ASA-PS as an indication of patient baseline 

health status as part of a model to predict mortality after surgery. 

2.1.2 ACS-NSQIP 

In the 1980s, the US Department of Veteran’s Affairs (VA)(American College of 

Surgeons) 23  had poor mortality records for surgical care in comparison with other 

medical treatment providers, to the extent that the US Congress required VA to 

publish mortality figures benchmarked against other care providers.  The problem 

for VA was that no risk-adjusted database nor national average for surgical outcomes 

existed. 

This led to the National VA Surgical Risk Study (NVASRS).(Khuri 2002) 24  In order to 

compare VA surgical outcomes with national averages, they needed to create a 

database of patient pre-operative risk and post-operative outcomes together with 

methods of risk adjustment25,26.  A dedicated nurse in each of 44 medical centres that 

took part in the study collected pre-operative, intra-operative together with 30-day 
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outcome variables.  This meant that VA was able to generate risk models for 30-day 

mortality and morbidity.  The risk adjusted outcomes generated by these models 

matched the quality of systems and processes in the 44 medical centres and enabled 

the quality of surgical care to be measured and compared for the first time.   

 The programme between 1991 and 2006 resulted in significantly reduced mortality 

rates by 27%, and reduced 30-day morbidity by 45% 23.  This led to VA introducing 

the National Surgical Improvement Program (NSQIP) in all VA medical centres and 

hospitals.  The American College of Surgeons adopted NSQIP (ACS-NSQIP) at national 

level in 2004 as a result of its success; by 2014 there were more than 600 hospitals 

taking part. 

2.2 NHS Context  

2.2.1 Reports into Patient Safety 

At the same time as the NSQIP work in the USA, there was also increased awareness 

of the importance of patient monitoring together with concerns surrounding patient 

safety in the UK.  McQuillan et al published: “Confidential inquiry into the quality of 

care before admission to intensive care” in 199827.  This frequently cited paper (Web 

of Science: 581) investigated sub-optimal patient care prior to ICU admission. The 

study found sick patients had received poor care before ICU admission more 

frequently than previously thought and that at least 39% of acute adult emergency 

patients were considered to have been admitted to intensive care late in their illness. 

Sub-optimal care included management of airway, breathing, circulation, oxygen 

therapy and monitoring which may have contributed to increased need for intensive 

care, morbidity, and mortality. The paper recommended improvements to training, 

covering knowledge, and understanding of the clinical urgency of such acutely ill 

patients, and the consideration of setting up a Medical Emergency Team (MET)e a 

team of skilled practitioners experienced in pre-emptively treating such critically ill 

patients. 

In the years that followed there were a series of official reports which examined 

perceived failures in patient care which are outlined below. Each of the reports 

contributed to the body of evidence around patient safety and the importance of vital 

signs monitoring to enable recognition of deterioration, prompt alert of the need for 

assistance from appropriately qualified teams and transfer to ICU where indicated. 

This led to the development and adoption of early warning scores in general and 

NEWS in particular across NHS England and Wales.    

                                                        
e The Medical Emergency Team system was first devised and introduced at the Liverpool Hospital, 
South Western Sydney, New South Wales, Australia in 1990.   
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2.2.1.1 National Confidential Enquiry into Patient Outcome and Death (NCEPOD),  “An 

Acute Problem”, 200528 

This report was written against a background of increasing patient demand combined 

with a decrease in physical numbers of patient beds. Patients requiring hospital 

admission had a greater number of comorbidities requiring more complex care 

coupled with changes to clinical staffing which meant that patient care might be at 

risk. 

NCEPOD reports have concentrated on the identification of reasons for poor care, 

analysing them and then recommending where improvements could be made. This 

report highlighted patients deteriorating on the wards often face delays to clinical 

review and/or transfer to intensive care.  This might have been due to lack of critical 

care beds or staff shortages. Setting up formal critical care outreach available 24 

hours/day was suggested for the treatment of acutely sick patients. The report 

recommended that hospitals should adopt a track and trigger system to assist in the 

rapid identification of early patient deterioration and appropriate response.  These 

were to be complementary to the traditional medical teams caring for patients. 

2.2.1.2 NICE, Clinical Guidance 50 (NICE CG50), “Acutely ill patients in hospital. 

Recognition of and response to acute illness in adults in hospital”, 2007. 29 

This report was a response to reports and papers such as McQuillan27, where patient 

deterioration was not recognised nor acted upon, resulting in late admission to ICU 

and increased morbidity and mortality. The goal was to provide practical guidance to 

improve recognition of the deteriorating patient. Recommendations included the 

implementation of “physiological track and trigger” systems for monitoring patients, 

which should be multi-parameter or aggregate weighted scoring systems. This 

included stipulating the maximum length of time between observations. Observations 

should be more frequent for deteriorating patients and a graded response strategy 

was included, depending on whether patients were low, medium, or high scoring.  

The following vital signs should be recorded:  

• Heart rate 

• Respiratory rate 

• Systolic blood pressure 

• Level of consciousness 

• Oxygen saturation 

• Temperature  

The graded response strategy should consist of three levels relating to low, medium, 

and high score and stipulate the clinical competencies of the responding staff. 

These recommendations drew on evidence available at the time and have been 

periodically updated since then.  The latest version was published in 2020. 
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2.2.1.3 NHS National Patient Safety Agency (NPSA): 5th report from Patient Safety 

Observatory, “Safer Care for the acutely ill patient: learning from serious 

incidents”, 2007.30 

This report was published after NICE CG50 and focused on deaths of 107 patients 

reported to the National Reporting and Learning System (NRLS), in 2005, following 

concerns regarding patient care. Indeed, 64 related to patient deterioration that was 

either not recognised or care was not escalated properly, and 43 deaths were related 

to issues with resuscitation post cardiac arrest.   

Key recommendations of this study included:  

• Better recognition of patients at risk of, or who have deteriorated 

• Appropriate monitoring of vital signs 

• Accurate interpretation of clinical findings 

• Calling for help early and ensuring it arrives 

• Training and skills development 

• Ensuring appropriate drugs and equipment 

2.2.1.4 NHS NPSA: “Recognising and responding appropriately to early signs of 

deterioration in hospitalised patients”, 2007.31 

This was a further report into early identification of the deteriorating patient to 

reduce mortality which emphasised the need to monitor patients’ vital signs. The 

complexity of such patients was recognised, and a multidisciplinary deterioration 

recognition group was recommended for each acute trust to lead and coordinate the 

improvement of patient safety.  

2.2.1.5 Royal College of Surgeons: “The Higher Risk General Surgical Patient”, 201132 

The Higher Risk Surgical Patient, defined as those undergoing non-cardiac surgery for 

major gastro-intestinal and vascular procedures.  Mortality and complication rates for 

this group of patients was significantly higher than for cardiac surgery patients.  The 

report investigated key issues with the care-pathways of these patients and identified 

that the large range of conditions covered made audit more difficult.    

Post-operative complications were found to be the main cause of the greater part of 

deaths and morbidities. The report suggested that the complication rate could be 

reduced with better peri-operative care, the early spotting of minor complications 

acted on sooner, deterioration such as systemic infection (sepsis) could have been 

avoided. These issues had first been identified as part of the VA NSQIP work [see 

section 2.1.2].  The key to minimising the adverse effects of complications was 

flagged as early recognition of the deterioration and prompt action either in the form 

of treatment initiation or admission to ICU. 
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2.2.1.6 NCEPOD: “Knowing the risk. A review of peri-operative care of patients”, 201133 

This report called for the introduction of a UK-wide system enabling the swift 

identification of patients at high risk of post-operative mortality and supported the 

conclusions of the RCS report. Elective patients should be pre-assessed in clinics prior 

to surgery and arrangements made so that emergency patients receive appropriate 

assessment.  Risk of mortality should be discussed with the patient and be noted on 

the consent form. The report also recommended that postoperative care be improved 

including better provision of ICU beds. 

2.2.1.7 National Emergency Laparotomy Audit (NELA) 

The work towards the RCS 2011 and NCEPOD 2011 reports led to the establishment 

of the National Emergency Laparotomy Audit (NELA)34 the quality improvement (QI) 

programme to reduce mortality in higher risk laparotomy patients.  A system of data 

collection and QI was instigated.   

An added incentive for Trusts the Best Practice Tariff (BPT) was introduced in April 

2019.  To be eligible for the BPT, hospitals were required to satisfy various conditions 

including pre-operative patient risk to be assigned correctly, the presence of 

consultant surgeon and anaesthetist in theatre for 80% or more of the cases where 

patient risk was 5% or greater (using either the NELA or POSSUM score), and a post-

operative ICU bed be available. 

These reports all demonstrated the recognised need for improved patient care 

particularly for surgical patients.  A vital part of which is the monitoring of post-

operative vital signs and ensuring appropriate escalation of care where deterioration 

is identified.   

2.3 Overview of selected score systems towards early warning scores 

The work on risk assessment tools and quality improvement programmes laid 

foundations that enabled the development of early warning scores.  The relationship 

between patient vital signs observation values could be used to stratify patient illness 

and guide future observations or escalation of care. 

The development of score systems of any kind relied on the efficient and accurate 

collection and storage of data.  Advances in computer systems made this easier and 

most data are now collected digitally making them more accessible for modelling and 

minimising transcription errors and saving time.  This section will present an 

overview of significant score systems, early warning scores and the National Early 

Warning Score (NEWS) in particular.  

Risk assessment or stratification tools, generated using multivariable analysis of risk 

factors which lead to a specific outcome, can be termed “risk scores” or “risk 

prediction models”.  Score systems have been devised for many different healthcare 

purposes. The most frequently used and referenced are listed below: 
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- Performance audit and quality improvement, for example: ACS-NSQIP, P-

POSSUM, NELA23,34,35 

- Part of the clinical decision process to assess potential outcome and risk 

prediction, for example: American Society of Anaesthesiologists Physical Status 

(ASA-PS) score; Surgical Outcome Risk Tool (SORT); 17,22 

- Assess the severity of illness, used as part of assessment of suitability for 

admission to intensive care unit (ICU), for example: APACHE, SAPS, MPM;36–38 

- Assess the presence and severity of organ dysfunction, for example: LODS, MODS, 

SOFA; 39–41 

- Part of regular daily patient care and monitoring, leading to Medical Emergency 

Team (MET) systems 42,43development and the introduction of Rapid Response 

Systems (RRS) and aggregate weighted track and trigger scores, Early Warning 

Scores (EWS) such as: 

o Early Warning Score (Morgan, Williams, Wright)44 

o Modified Early Warning Score (MEWS)45,46 

o National Early Warning Score (NEWS)6 

o Chronic Respiratory Early Warning Score (CREWS)47,48 

2.3.1.1 Acute Physiology And Chronic Health Evaluation (APACHE) II and subsequent 

versions 

The Acute Physiology And Chronic Health Evaluation (APACHE) was first published in 

1981, validated in 1985, by Knaus et al49. It was devised as a system for the 

classification of severity of disease, for patients admitted to Intensive Care, based on 

12 physiologic measurements, patient age, and the patient’s medical history. Points 

were allocated for each item and summed to give an APACHE score, ranging from 0 to 

71, which provided an overall view of patient acuity.50  Defined by the authors as a 

scoring index, APACHE was designed to measure disease severity for adult patients 

that could be used either to guide treatment or procedures that might be restricted to 

patients with specific scores, or to describe patient morbidity in comparison with 

other patients.  APACHE was recalibrated and updated to reflect a UK population in 

2007 by the Intensive Care National Audit and Research Centre (ICNARC)51,52 for use 

as a physiology score for risk prediction in the ICU. 

2.3.1.2 Simplified Acute Physiology Score (SAPS) II/III 

SAPS are mortality and morbidity risk prediction scores for ICU patients, based on 

physiological and disease variables, type of admission and age37,53.  Similar to 

APACHE, SAPS uses the worst, i.e. highest scoring, readings from the first 24 hours in 

ICU.  SAPS II provided an estimated mortality risk without a primary diagnosis.  

2.3.1.3 Charlson Comorbidity Index 

First developed by Charlson et al in 198754, as a weighted index to classify comorbid 

conditions and estimate risk of death within one year of hospital stay, the Charlson 

Comorbidity Index is widely used across many countries. 
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2.3.1.4 Sequential (previously: Sepsis-related) Organ Failure Assessment (SOFA) 

The SOFA score was devised for use in ICU to track the extent of organ dysfunction 

during a patient’s stay.41,55,56  The SOFA score includes the following organ systems: 

- Respiratory 

- Cardiovascular 

- Liver 

- Coagulation 

- Kidneys 

- Nervous  

A score is assigned to each of the above systems, ranging from zero to four, depending 

on level of derangement from normal range which were then summed to give a total 

SOFA score. The higher the score the greater the level of organ dysfunction.  A change 

of two or more was also used as a criterion for sepsis diagnosis. 

2.3.1.5 Surgical Outcome Risk Tool (SORT) 

SORT was devised as a simple outcome risk prediction tool using the data gathered 

for NCEPOD “Knowing the risk” report57.  SORT requires only six pre-operative 

variables to be entered and generates the percentage risk of patient mortality.22 

2.3.1.6 POSSUM and Portsmouth POSSUM 

The Physiological and Operative Severity Score for the enumeration of Mortality and 

Morbidity (POSSUM) was developed as a tool for surgical audit in 1991 and the 

calculation method published in 199258. Logistic regression and multivariate 

discriminant analysis were used to generate equations for estimating risk of 

mortality and morbidity. Each equation consisted of a constant plus physiological 

score plus operative severity score to estimate patient risk.  This was designed 

specifically as an audit tool and not as a score-driven means to decide whether to 

operate or not.  The operative severity portion of the equation required information 

that would only be available post-operatively.  

The Portsmouth version of POSSUM (P-POSSUM) was a modification designed to 

correct over prediction of mortality risk which was particularly evident amongst 

patients with risk of mortality less than 10%.59  These lower-risk patients form the 

bulk of general surgical admissions in a district general hospital.  P-POSSUM score is 

a required input for the National Emergency Laparotomy Audit (NELA) (below). 

2.3.1.7 National Emergency Laparotomy Audit (NELA)60 

Part of the National Clinical Audit and Patient Outcomes Programme (NCAPOP) over 

seen by the Healthcare Quality Improvement Partnership 

The NELA project began in 2012 in response to reports demonstrating that patients 

undergoing emergency laparotomy across England and Wales received varying 

standards of care and mortality was considered too high.  NELA’s objectives were to 
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collect data on patients undergoing emergency laparotomy, including process and 

outcome measures, which would enable comparison between hospitals and 

instigation of quality improvement initiatives. The aim of the audit was to use 

comparative data from all providers, to improve the quality of care to emergency 

laparotomy patients.  Completion of the NELA patient audit dataset pro forma 

requires the inclusion of P-POSSUM variables, such as sodium (mmol/l), potassium 

(mmol/l), urea (mmol/l), haemoglobin (g/dl), white cell count (mmol/l), pulse rate 

(bpm), systolic blood pressure (mmHg), and Glasgow coma scale to generate the 

P-POSSUM score as part of the pre-operative risk stratification process.  The first 

patient audit report was published in 2015 and the most recent report was published 

in 2020, with results from 2018-201961. The report shows that there has been a 

reduction of national 30-day mortality to 9.3% (year 1 result: 11.8%) and patient 

care improvements have led the reduction in average length of hospital stay to 15.4 

days (2013: 19.2 days).  Specific goals were set such as perioperative consultant 

input from both surgeons and anaesthetists and specific timeframes for antibiotic 

administration or reaching theatre for patients suspected of having sepsis.  This is 

still a work in progress, but NELA demonstrates how quality improvement initiatives 

result in improved patient care and outcomes.f 

2.4 Vital signs monitoring for detection of deteriorating patients 

All of the work described above showed that improvements to patient care and 

outcomes could be achieved through use of metrics, careful recording of patient vital 

signs observations, biochemistry, and haematology results, and acting promptly when 

these readings are out of normal physiological ranges.  It also demonstrates how the 

use of risk models can make a positive impact on patient outcomes.       

2.4.1 Track and trigger systems 

Patient vital sign observations have traditionally been documented as part of regular 

ward care.  More recently the vital signs readings are used to guide patient care in the 

sense that the readings can be used to “track” patient illness progress and to “trigger” 

a response if the observation is deemed to depart from the normal range of 

physiology.  The goal is to identify the deteriorating patient as soon as possible so 

that care can be escalated promptly. 

The research described so far was a precursor to the development of track and 

trigger systems all have a common basis: patient deterioration can be detected in 

deranged physiology some hours prior to adverse clinical event.  The patient’s 

condition is “tracked” using a score based on patient vital signs observations and 

should the deterioration exceed pre-set limits the score “triggers” requiring a 

                                                        
f NELA is currently funded until 2022. Subsequent reports and data collection will be 

subject to extension of contract funding 
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response from those caring for the patient.  Schein et al62 investigated the association 

between deranged physiology preceding in hospital cardiopulmonary arrest and 

mortality. Schein found that deterioration in vital signs and clinical condition, often 

respiration or mental function, commonly preceded cardiac arrest.  Schein indicated 

support for the concept that “cardiopulmonary arrest is neither a sudden nor 

unpredictable event”. 

Track and trigger score systems form part of a Rapid Response System designed to 

identify the deteriorating patient as early as possible by tracking patient physiology 

through the vital signs observations and trigger a response when designated levels 

were breached. These could be single parameter systems such as devised by Lee et 

al42 where a Medical Emergency Team (MET) was alerted.  MET staff are doctors and 

nurses with specific training in resuscitation, alerted based on any one trigger from:  

1. Specific conditions, such as cardiovascular, respiratory, shock, metabolic, 

poisoning/trauma, neurological, or surgical 

2. Abnormal physiology/pathology 

3. Any situation where urgent help is required 

The goal of the MET system is early recognition and rapid response to patient 

deterioration based on principles developed to manage severe trauma.  MET are 

more commonly used in Australia and North America. 

2.4.2 Aggregate weighted track and trigger systems 

Aggregate weighted track and trigger (AWTT) systems differ from the single 

parameter track and trigger systems in that points are allocated to each individual 

vital sign observation in a weighted fashion depending on how far from the normal 

range the vital sign reading.  These are then summed to give the total score.  The 

ranges for the earlier versions of AWTT were selected by physicians based on clinical 

experience.  Later systems, such as ViEWS5 and NEWS63,64, were generated using 

modelling techniques which were then tempered by clinical opinion. 

The first documented version of an early warning score developed by Morgan, 

Williams and Wright presented as a poster at the spring meeting of the Intensive Care 

Society in 1997: “An early warning scoring system for detecting critical illness”. 65  

They designed the system with the express purpose of ensuring appropriately skilled 

assistance at patient’s bedside should the patient’s physiology status indicate 

potential significant deterioration and impending critical illness.  This system was 

based on aggregated weighted scoring of physiological variables, later termed “track 

and trigger” scores. 

There followed many different Early Warning Score systems which used various 

routinely collected vital signs observation data with different ranges designated as 

outside of the normal physiological range (see Appendix 8.2). Some included urine 
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output and age, some added biochemistry and haematology test values (Jarvis 

2013)66.  

2.4.3 EWS and the Royal College of Physicians (London) 

At the same time as the NCEPOD and NPSA reports were in preparation, the Royal 

College of Physicians London (RCPL) had set up a working party to address the 

patient care issues particularly concerning patient vital sign observations, 

identification of deteriorating patients and appropriate escalation of care including 

recommended graded response.  

The RCP had commissioned the working party to devise a single national early 

warning score for adoption across the NHS in England and Wales.  This was in 

response to the various reports detailed above which recommended the use of track 

and trigger systems to improve patient care. This had led to many different EWS 

being developed [Subbe “MEWS” 200145, Paterson 2006 67, Goldhill 2005 68] 

potentially leading to risk of confusion between the different systems and a lack of 

consistency of approach to the detection of patient critical illness.   A list of the 

majority of the EWS devised in this period can be found in the appendix. 

2.4.1.1 National Early Warning Score (NEWS), 20126 

Published in 2012, the report of the working party from the Royal College of 

Physicians was the result of a partnership between patient groups, the National 

Outreach Forum, the Royal College of Nursing, and the Royal College of Physicians.  

The group had been working towards a consensus on a single national early warning 

score since 2009.  The published report recommended the adoption of the National 

Early Warning Score (NEWS) across the NHS in England & Wales. 

NEWS, in common with many other EWS, was a system based on the measurement of 

six regularly monitored parameters: 

- respiratory rate 

- oxygen saturation 

- temperature 

- systolic blood pressure 

- pulse rate 

- level of consciousness  

A score of zero, one, two, or three was allocated to each observation according to how 

far the reading was from the normal range.  If the patient was receiving any 

supplemental oxygen an additional two points were awarded.  The points were 

summed to generate a total NEWS which was used to direct escalation of care, level of 

clinical response and expertise of the responder. 
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In response to the Keogh report 69 Buckinghamshire NHS Trust set up quality 

improvement  programmes to improve mortality70, which had been identified as 

having a higher rate than the England average.  The Spiers 2015 paper supported the 

introduction of NEWS as a means to ensure consistency in detection and response to 

deteriorating patients citing a particular difficulty in the regular rotation of junior 

doctors between different hospitals. 

There has been increased awareness of failure to recognise sepsis and the need for 

early identification to enable commencement of antibiotic treatment.  NEWS has been 

validated in a range of patients and clinical settings and is often used as an early 

indicator for sepsis.71–74 

2.4.1.2 The Chronic Respiratory Early Warning Score (CREWS), 201347,48 

Patients at risk of Type II respiratory failure, with conditions such as Chronic 

Obstructive Pulmonary Disease (COPD) have much lower oxygen saturation (SATS) 

which would be allocated a higher score than warranted, as low SATS are normal for 

them, potentially leading to more triggers deemed “false alarms”.  High levels of false 

alarms lead to alarm fatigue and the real risk of ignoring a patient genuinely 

deteriorating.  The goal of CREWS was to identify meaningful saturation levels for 

these patients. 

2.4.1.3 NEWS 2, December 201775 

This was an update to the original NEWS, which followed numerous comments and 

papers from respiratory physicians that the earlier version of NEWS was 

inappropriate for use in patients at risk of Type II respiratory failure.  Thus NEWS 2 

includes an alternative separate oxygen saturation scale for use in patients at risk of 

Type II respiratory failure.  New-onset confusion or delirium was also added as an 

additional variable in the AVPU or “Level of Consciousness” section, contributing 

three to the overall NEWS 2.  Patients with suspected infection and a total score of 

five or more should trigger urgent assessment with a “think sepsis” flag. 

One of the goals of the introduction of NEWS 2 was to reflect the needs of patients at 

risk of Type II respiratory failure such as those analysed as part of the CREWS 

derivation.   

This thesis will not consider NEWS 2 further because the data used pre-date the 

introduction of NEWS 2. 

2.5 Summary 

This chapter highlights the significant steps in the history of score system 

development which have resulted in significant improvements to patient care and 

outcome.   The value of vital signs monitoring has been recognised and harnessed to 

provide practical tools to assist healthcare staff.  



 
 
 

17 
 

3 Research Framework 
This research was undertaken using the quantitative approach associated with the 

scientific method.  The variables used were measurable and either numeric or logical 

in format. The data were collected and recorded digitally during routine clinical care 

of patients. 

3.1 Health Informatics: the systems science of healthcare 

Frank Sullivan defined Health Informatics in his paper of 2001 as: “…the term health 

informatics is commonly used to describe the study and application of computers to 

assist the gathering, storage, processing and use of information to improve the 

procedures or outcomes of healthcare services.”1 

In the introduction to Guide to Health Informatics (third edition), Enrico Coiera begins 

with 

“If physiology literally means ‘the logic of life’, and pathology is ‘the 

logic of disease’ then health informatics is the logic of healthcare.”2   

He continues 

 “…the study of informatics is as fundamental to the practice of 

medicine and the delivery of healthcare in this century as anatomy or 

pathology was in the last.”  

Further  

“…Health Informatics is the study of information and communication 

processes and systems in healthcare”. 

In essence, the existence of digitally held physiological data that can be joined to 

patient administration data and operating theatre data enables research and analysis 

to support and improve patient care. This research used data extracted from the 

hospital data warehouse in the form of data tables which were then linked and 

processed to form datasets for analysis.  

3.2 Methodology 

The research was a retrospective (historical) cohort study using observational design 

to investigate the association between NEWS value and outcome comparing medical 

and surgical patients.  The data used had been collected as part of regular, routine 

hospital patient care that had already taken place and where the final clinical 

outcome, discharge from hospital alive or dead, was already known.  

The design was observational in that no intervention was carried out by the 

investigator. 
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The data were extracted retrospectively from Portsmouth Hospitals NHS Trust 

computer systems, but the patient observations were followed up prospectively in 

time.  The data cover the period 01/01/2010 to 31/03/2017.  The outcomes of 

interest (cardiac arrest, unanticipated ICU admission, or death within 24 hours of an 

observation set) were not considered when the data were extracted.   The vital signs 

observations, NEWS values and whether the patient had an unanticipated ICU 

admission or went to the operating theatre (OT) were all recorded and extracted 

before the outcomes were identified and investigated. 

The study database was constructed using extracts from: Patient Administration 

System (PAS), VitalPAC (now known as CareFlow Vitals System C), and Theatre 

Management System (TheatreMan). 

 

3.3 Data  

Focus of this research was the use of electronically stored, routinely collected clinical 

data held on hospital computer systems.   
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Table 3.1 Sources of data extracted from QAH computer systems 

System Data extracted  

Patient Administration 

System (PAS) 

Surrogate patient identifier 

Year of birth 

Gender 

Mode of admission (Elective/non-elective) 

Date/time of admission/discharge 

Mode of discharge: alive/dead 

VitalPAC Surrogate patient identifier 

Vital signs observations -  

- Respiration Rate (breaths per minute) 

- SATS (SpO2) 

- Supplementary O2? (Yes/No) 

- Systolic BP (mm Hg) 

- Pulse Rate (beats per minute) 

- Consciousness (AVPU) 

- Temperature (°C) 

Individual vital signs' NEWS values 

Total NEWS for each observation set 

Theatre Management 

System (TheatreMan) 

Surrogate patient identifier 

Knife to skin date/time 

Anaesthesia type 

Procedure code 

Procedure Description 

 

The collection of these data required no extra work on the part of the staff involved in 

patient care. 

3.4 Ethical Considerations 

This research is covered by existing ethical approval granted by Isle of Wight, 
Portsmouth & SE Hampshire R.E.C: approval reference 08/02/1394, "Case-mix 
adjusted predictive models of adverse clinical outcomes".           
 

3.5 Research Questions 

As set out in section 1.5, this research sets out to answer the following questions: 

3.5.1.1 Primary 

• NEWS has been shown to be an effective tool in the identification of the 

deteriorating medical patient (Prytherch, 2010; Smith 2013)5,10, is NEWS an 
appropriate tool to use in the carte of surgical patients?  
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3.5.1.2 Secondary 

Should the trigger levels for care escalation as advised by the Royal College of 
Physicians London (2012, 2017) be the same for surgical and medical patients? 

What is the difference in NEWS performance between surgical patients who go to 

theatre and those who do not? 

How does NEWS performance change over time in the immediate post-operative 
period? 

3.6 Methods 

The aim of this study is to investigate whether NEWS performs as well in the care of 

surgical patients compared with medical patients.  

The objectives to reach that aim include: 

1. Obtaining data from hospital electronic storage systems. 

2. Preparing and pre-processing data to enable analysis, including removal of 

values incompatible with life and NAs, plus converting dates and times into a 

consistent format. 

3. Splitting data into cohorts for analysis (medical and surgical admissions), then 

by mode of admission (emergency and elective), to enable analysis of NEWS 

distribution with respect to outcome. 

4. Further dichotomising of the surgical cohort into pre- and post-operative care 

for more detailed analysis. 
5. Breaking down post-operative surgical observations by time elapsed since 

surgery, grouped by first day, second day and thereafter. 

 

3.6.1 Data set curation & preparation 

Data was extracted from hospital systems and joined to form datasets to be prepared 

for analysis.  

Patients were selected for inclusion and allocated to either the medical or surgical 

group according to hospital admission specialty code.  Codes were chosen as those 

which carry the greatest risk of adverse outcome because the high-risk patients were 

the ones most likely to benefit from improved monitoring and also to ensure the 

strongest signal from the data.  The admission specialty codes deemed lower risk also 

presented the problem of a lack of adverse outcome rendering some of the 

calculations impossible to run. 

For the second study, patients were further grouped by the number of visits to 

operating theatre and, where applicable, observations were split into pre-operative 

and post-operative observations.  
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3.6.2 Inclusion/exclusion criteria: 

Inclusions: 

All patients aged 16 years or older 

Patients stayed at least one night in hospital or died on day of admission 

Complete observation sets sufficient to compute NEWS value 

Exclusions: 

Maternity and paediatric patients 

Data preparation included restriction to complete observation sets and creation of 

intermediate variables or the addition of flags for certain events/conditions for ease 

of analysis.  

3.6.3 Outcomes 

Two sets of outcomes were analysed  

- Death, cardiac arrest, unanticipated ICU admission, and the “combined 

outcome” meaning any one of the aforementioned outcomes.  

- Precedence outcomes, where only the first event to occur from: death, cardiac 

arrest, unanticipated ICU admission or the “combined outcome” was analysed.  

Data analysed in this group were truncated to that first event. 

3.6.4 Data exploration 

The distributions within datasets were explored 

- Age 

- Admission specialty 
- NEWS 

3.6.5 Descriptive analysis 

Descriptive statistics were calculated including counts, means (±SD), medians (IQR, 

Q2-Q3) and proportions. Furthermore, outcome rates were estimates for the 

following outcomes: death, cardiac arrest, unanticipated ICU admission, or a 

combined outcome representing any one of: death, cardiac arrest, unanticipated ICU 

admission, length of hospital stay. Outcome rates were determined for different 

patient groups (medical, surgical, no of OT visits) and different age groups. 

The contribution of different vital signs to the overall NEWS values was assessed to 

investigate whether any particular vital sign influenced the level of NEWS more than 

the others.  

The ability of NEWS to predict any of these outcomes was assessed using the Area 

Under the Receiver Operator Characteristic curve (AUROC).   An AUROC of 0.50 or 

less indicates that the model is no better than chance at predicting the outcome, 0.70 
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to 0.8 indicates reasonable discrimination, whilst more than 0.80 represents good 

discrimination.  

Efficiency curves were used to assess the number of triggers that would be generated 

at different values of NEWS, or the potential proportion of adverse events that would 

be detected at a particular NEWS value for reviewing a set proportion of patients with 

that NEWS. 

3.6.6 Results 

Results are reported graphically, in tabular form and verbally.   
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4 Pilot Study 
This chapter will set out the work leading to validation of the National Early Warning 

Score (NEWS) for surgical patients.    

The 2013 paper validating NEWS in the care of medical patients specifically excluded 

surgical admissions (Smith 2013)10.   

The aim of this study was to investigate the performance of NEWS in a group of 

surgical patients and compare with a group of medical patients. 

This chapter is adapted from: “Comparison of the National Early Warning Score in non-

elective medical and surgical patients”, C Kovacs, S W Jarvis, D R Prytherch, P 

Meredith, P E Schmidt, J S Briggs, and G B Smith.  Published in British Journal of 

Surgery in 2016 and reproduced with permission. 

4.1 Introduction 

4.1.1 Background 

The work developing the VitalPAC Early Warning Score (ViEWS)5 was carried out 

using data from 35,585 consecutive completed admissions to the Acute Medical Unit 

(AMU) at Queen Alexandra Hospital, Portsmouth Hospitals NHS Trust.  ViEWS 

provided the basis for NEWS6, which was implemented hospital wide in 2010. 

Evaluation/ validation of NEWS in population of surgical patients 

Many different early warning scores (EWS) have been developed using a variety of 

different combinations of vital signs observations and patient data.  Some EWSs have 

been designed for specific groups of patients, for example Chronic Respiratory Early 

Warning Score (CREWS)(Eccles 2014)48 for patients with chronic hypoxaemia such as 

chronic obstructive pulmonary disease (COPD). However, there is currently no EWS 

that is specifically designed for patients requiring surgery/admitted to surgical 

specialties. 

The aim of this research was to examine the applicability of NEWS to identify 

deterioration in surgical patients.  If NEWS was validated as suitable for use in the 

care of surgical patients there would be no need for multiple tools for detection of 

instability of vital signs.  A single EWS system could be implemented to monitor 

patients for deterioration.  This would also ensure a consistency of approach in 

detection of deteriorating patients, not just across different wards in an individual 

hospital but also across different hospitals. This would be of particular value where 

staff change regularly such as the rotation of doctors in training (Spiers 2015).70 
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4.2 Methods 

4.2.1 Data  

4.2.1.1 Source 

The data for the study were extracted in the form of a database from Portsmouth 

Hospitals NHS Trust (PHT). These data were collected during routine clinical care at 

the patient bedside. Vital signs observations are entered into hand-held devices 

running the VitalPACg system according to hospital protocol (Table 4.1 below).  

Table 4.1  QA Hospital protocol for interval between observation sets. Table taken from Hands et 
al, Quality and Safety in Health Care 20134 

ViEWS/NEWS score Observation frequency* 

0–1  6 or 12 hourly† 

2  6 hourly 

3–6   4 hourly 

7–8  1 hourly 

≥9   30 min 

* This time interval also represents the minimum time between charting observations in VitalPAC.  When 

a patient is being continuously monitored using electronic technology, a full set of vital signs data must be 

entered into VitalPAC using the ‘minimum interval’ algorithm (e.g., for a patient with a previous 

ViEWS=7, data from a continuous device must be entered each hour). 

† The recommended observation interval for patients with ViEWS of 0 or 1 will be 6-hourly.  However, a 

12-hourly interval will be recommended if the valid ViEWS in the past 6 hours (that is, 0+0=12 hourly; 

1+0=12 hourly; 1+1=12 hourly; 0+1=6 hourly). 

ViEWS: VitalPAC Early Warning Score. 

4.2.1.2 Inclusion criteria 

We required that patients stayed over-night in hospital and were over 16 years of 

age. 

4.2.1.3 Exclusion criteria 

Patients discharged alive from hospital before midnight on day of admission.   

Patients admitted to critical care from other hospitals, or who had their first adverse 

event prior to recording of the first observation set, were not included in the analysis.   

It is hospital policy to minimise disruption of patients who are dying.  Patients who 

did not have an observation set in the last 24 hours of admission were excluded from 

analysis, as these patients may be on an end-of-life pathway where patient disruption 

is kept to a minimum.  

                                                        
g VitalPAC was co-developed by Portsmouth Hospitals NHS Trust (PHT) and The Learning Clinic (TLC).  
TLC was acquired by System C Healthcare Ltd in 2015. 
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Incomplete sets of observations were also excluded. 

4.2.2 Pre-Processing  

The data were processed to include only complete observation sets, i.e., there was an 

entry for each of the seven vital signs parameters (respiratory rate, O2 saturations, 

any supplemental O2, systolic blood pressure, pulse, level of consciousness and 

temperature) required for the calculation of NEWS. 

The data were selected according to the “Admission Specialty Code”, assigned to each 

patient when their admission was recorded and relate to the condition that the 

patient presented at the hospital with.  

Figure 4.1 below shows the filtering steps and numbers of excluded observations at 

each filtering stage.   Data were excluded due to observation sets being incomplete or 

the values considered out of reasonable range, e.g., -999 (the value used to flag a 

problem observation).  

The proportion of admissions excluded due to missing values was approximately 

2.33% for medical specialties and 6.18% for surgical specialities.  The reasons for the 

relatively high rate of missing values are varied from patients being admitted to 

wards where vital signs were not recorded in VitalPAC but on another system. In the 

case of surgical patients, the missing values relate to instances where patients were 

originally admitted as day-cases, vital signs were recorded on a separate system, but 

were kept in hospital overnight for observation. It should be borne in mind that these 

data are from a period relatively early in the deployment of NEWS and the system of 

vital signs gathering was still evolving and processes were not unified at this stage, 

leading to associated system issues.  
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Figure 4.1- Data flow diagram for the study 

Data gathered hospital-wide, from patients admitted on or after 25 May 2011 and 

discharged on or before 31 December 2013 were included for this study. We had 

originally used data from completed admissions from 2010 onwards but there was a 
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change in the early warning score used at the hospital on 24 May 2011 and the 

system that was to become “NEWS” was deployed hospital wideh.  For the sake of 

clarity of signal and consistency of observation times, we decided to restrict analysis 

to observations made after this change was actioned. 

4.2.1.4 Admission specialty codes  

These are categorical codes assigned to the patient’s records on admission, 

designating the specialty overseeing the patient’s care. Some of the codes used by 

Queen Alexandra Hospital (QA) needed to be restricted to the first three digits.  This 

is because some (but not all) of the admission specialty codes in the hospital database 

had four or five digits, but these are a sub-set of the first three digits, and relate to the 

same specialty. This work did not require the level of detail implied by the 

supplementary digits and, seeing as not all the codes had the increased number of 

digits, the decision was taken to truncate all the admission specialty codes to three 

digits per the NHS Data Dictionaryi. 

Two cohorts of patients were identified - surgical and medical patients - using the 

hospital designated Admission Specialty code (  

                                                        
h Information obtained via personal communication with my supervisor David Prytherch, who was 
lead analyst involved in early warning score development and roll-out. 
i Link to NHS data dictionary: https://bit.ly/3zdz9px 
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Table 4.2).  These were chosen to represent patients who might be most at risk of 

adverse clinical event, which we define as cardiac arrest, unanticipated intensive care 

unit (UICU) admission, death within 24 hours of an observation set, death final 

outcome (DFO) or any of these. 

Data were split into sub-groups by mode of admission, either elective or non-elective. 
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Table 4.2- Summary of patient demographics and numbers of admissions by hospital designated specialty 
code for each patient group 

 Surgical Specialties Medical Specialties 

Description 
Admission Specialty 

Non-
Elective 

Admissions 

Elective 
Admissions 

Non-
Elective 

Admissions  

Elective 
Admissions  

ADMISSIONS        
Number of admissions, n 20 626 14 548  48 747  3 478 

Age of Admissions, Mean (SD) 56.6 (22.3) 60.8 (17.2) 67.5 (18.8) 65.0 (15.5) 

Male, n (%) 9 776 (47.4) 7 747 (53.3) 
24 258 
(49.8) 

2 045 (58.8) 

       
Surgical Specialty, n       

General Surgery 5 016 445 n/a n/a 

Urology 2 599 2 017 " " 

Renal Surgery & 
Transplantation 

305 725 " " 

Colorectal 4 958 1 555 " " 

Upper Gastrointestinal 2 029 1 383 " " 

Vascular 213 947 " " 

Trauma & Orthopaedics 5 506 7 476 " " 

       
Medical Specialty, n       

General Medicine n/a n/a 37 623 17 

Gastroenterology " " 314 712 

Endocrinology " " 193 3 

Clinical Haematology " " 731 534 

Rehabilitation " " 13 - 

Cardiology " " 2 954 875 

Respiratory (Thoracic) 
Medicine 

" " 989 270 

Nephrology " " 2 610 450 

Medical Oncology " " 1 303 445 

Neurology " " 3 3 

Rheumatology " " 92 169 

Geriatric Medicine " " 1 922 - 

 

Operating theatre (OT) data were not available for this study, so it was not possible to 

identify which patients, admitted to surgical specialties, underwent a procedure or 

whether an observation set was made pre- or post-operatively. 

4.2.3 Descriptive analysis 

In each of the four admission groups (elective and non-elective surgical, and elective 

and non-elective medical) mean (standard deviation, S.D.) values were calculated for: 
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patient age at admission, NEWS value, pulse rate, respiration rate, temperature, 

systolic blood pressure, and SpO2. Welch’s t test was used to compare the episode 

mean values for the non-elective surgical, elective surgical, non-elective medical, and 

elective medical groups.  All analysis was carried out using the R statistical 

programming language. 

4.2.4.1 Outcomes 

For each admission or episode of care, three outcomes (death, cardiac arrest, 

unanticipated intensive care unit [UICU] admission) were extracted from appropriate 

hospital databases.  

Outcomes used in the analysis were: death, UICU and cardiac arrest within 24 hours 

of the observation set, plus a combination of any one of the aforementioned outcomes 

which was designated the “combined outcome”.  Where there were multiple 

outcomes (for example cardiac arrest followed by unanticipated ICU admission 

followed by death), only the first event to occur was used for analysis – in this 

example, cardiac arrest. 

The frequency of outcomes for the elective patients, both surgical and medical 

groups, was too low for robust analysis, in that rates of individual outcome were all 

lower than 1%. Table 4.2, Table 4.3, and Table 4.4 show a full breakdown of numbers 

of admissions, outcomes and observation sets for each of the four different groups of 

patients. 

4.2.4.2 Discrimination 

The ability of NEWS to discriminate outcomes within 24 hours of vital signs 

observation was evaluated in two ways using the area under the receiver operating 

characteristic (ROC) curve (AUROC). Firstly, the AUROC was calculated using all 

observation sets in the data set; and secondly by using 10 000 sample sets of one 

observation per episode by first picking at random a time during each episode and 

selecting the observation set closest to that time.  When all observations were used, a 

95% confidence interval (C.I.) was calculated for the AUROC, and the significance of 

the differences assessed using the methods set out by DeLong and colleaguesj.  When 

one observation per episode was used, the AUROCs were calculated for each of the 

10,000 sample sets and the 2.5 and 97.5 centiles were taken as the 95% C.I.  The 

significance of differences was tested by computing the differences between AUROCs 

reported for non-elective surgical and medical admissions in each of the 10 000 

sample sets.  The 95% C.I. of the difference was estimated from the 2.5 and 97.5 

centiles; the AUROCs were significantly different at the α = 0.05 level if the 95% C.I. of 

the difference did not include zero.  Finally, p-values for the differences were 

estimated by determining the largest symmetric confidence interval at which the 

                                                        
j DeLong ER, DeLong DM, Clarke-Pearson DL. Comparing the areas under two or more correlated 
receiver operating characteristic curves: a nonparametric approach.  Biometrics 1988: 44:837-845. 
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range of the lower and upper confidence interval did not include zero (beginning 

from the 0.01 and 100.00 centiles, moving into 0.02 and 99.99 centiles and so on until 

the interval did not include zero).  The p value was then calculated as [(1 – the C.I.) 

divided by 100].   ROC curves were plotted for cardiac arrest, UICU and the combined 

outcome within 24 hours of a vital signs observation set. 

4.2.4.3 Efficiency curve 

For the non-elective surgical and medical admissions, the performance of NEWS was 

also analysed by means of the EWS efficiency curve, which plots the percentage of 

observations at or above a threshold EWS value for escalation (a measure of 

workload assigned to responders) against sensitivity for the combined outcome. 

4.2.4.4 R Statistical Programming Language  

The analysis work was carried out in R 3.276 and R Studio.  The pROC77 package was 

used to generate the AUROCs.  Copies of the R scripts created for this analysis 

available on request. 

4.3 Results 

4.3.1 Comparison of admissions to surgical specialties with admissions to medical 

specialties 

There were 87 399 admissions, comprising 2 017 455 observation sets. Of these 35 

174 were admissions to surgical specialties (792 889 observation sets) and 52 225 

admissions to medical specialties (1 174 574 observation sets). 

A substantially higher proportion of medical admissions than surgical admissions 

were non-elective (93.3% versus 58.6%; p < 0.001). On average these non-elective 

patients were younger for surgical specialties (mean age 56.6 versus 67.5 years) and 

were more likely to be women (52.6% versus 50.2%; p< 0.001).  Also, a higher 

proportion of medical patients received supplemental O2, 19.15%, compared with 

surgical patients, 14.75%. 
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Table 4.3 Numbers of observations and summary of vital signs and NEWS observations split by patient 
group 

 Surgical Specialties Medical Specialties 

  

Non-
Elective 

Admissions 
Elective 

Admissions 

Non-
Elective 

Admissions 
Elective 

Admissions  

OBSERVATIONS     

Number of Observations, n  517 324  275 565 1 174 574  49 992 

Vital Signs Values     

Pulse rate (bpm), mean 
(SD) 

79 (15) 78 (14) 81 (17) 80 (16) 

Respiration rate (bpm), 
mean (SD) 

16 (3) 16 (2) 17 (3) 16 (3) 

Temperature (°C), mean 
(SD) 

36.7 (0.5) 36.8 (0.4) 36.7 (0.5) 36.7 (0.5) 

BP Systolic (mmHg), mean 
(SD) 

125 (22) 126 (20) 127 (22) 123 (21) 

SpO₂ (%), mean (SD) 97 (2) 97 (2) 96 (3) 97 (2) 

SpO₂ recorded on 
supplemental O₂, n 

 76 328  82 872  224 944  3 998 

     

Conscious Level     

Alert (A), n 514 168  274 989 1 149 890 49 809 

Responds to Voice (V), n 2 479 462 15 577 119 

Responds to Pain (P), n 471 83 7 920 36 

Unresponsive (U), n 206 31 1 187 28 
     

Mean NEWS value (SD) 1.5 (1.7) 1.6 (1.6) 2.0 (2.1) 1.4 (1.7) 

 

Overall, the rate of combined outcomes for admissions to medical specialties was 

higher than that for admissions to surgical specialties.  However, the number of such 

outcomes was very low for both medical and surgical elective admissions (1.5 and 0.7 

% respectively) and consequently did not permit a full analysis of these groups (see 

section 4.2.4.1 above). 

4.3.2 Comparison of vital signs - surgical specialties versus medical specialties 

The distribution of outcomes between the four patient groups, by number of vital 

signs observation sets and patient care episodes is given in full in: Table 4.3 (above) 

and Table 4.4  (below). 
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Table 4.4 Outcomes split by admissions, observation set (within 24 hours of outcome) and by patient 
group 

 Surgical Specialties Medical Specialties 

  
Non-

Elective 
Admissions 

Elective 
Admissions 

Non-
Elective 

Admissions  

Elective 
Admissions  

   
 

   

ADMISSIONS, n  20 626  14 548  48 747  3 478 
       

Number of admissions by 
outcome (%)  

  
 

   

None 
19 917 
(96.6) 

14 442(99.3) 
45 979 
(94.3) 

3 425 (98.5) 

Death    283 (1.4)           7 (<0.1) 1 877 (3.8)   25 (0.7) 

 UICU Admission  365 (1.8)          92 (0.6)  505 (1.0)  19 (0.5) 

Cardiac Arrest   61 (0.3)           7 (<0.1)  385 (0.8)  9 (0.3) 

Combined outcome  709 (3.4)        106 (0.7) 2 768 (5.7) 53 (1.5) 
       

OBSERVATION SETS, n  517 324  275 565 1 174 574  49 992 
       

Number of observation 
sets followed within 24 
hrs by outcome (%)  

  

 

   

None 
512 668 
(99.1) 

274 603 
(99.7) 

1 161 096 
(98.8) 

49 640 
(99.3) 

Death  1 575 (0.3) 60 (<0.1) 8 259 (0.7)  134 (0.3) 

 UICU Admission 2 765 (0.5) 831 (0.3) 3 506 (0.3)  183 (0.4) 

Cardiac Arrest  316 (<0.1)   71 (<0.1) 1 713 (0.1)     35 (<0.1) 

Combined outcome 4 656 (0.9) 962 (0.3) 13 478 (1.2) 352 (0.7) 

 

Non-elective surgical and non-elective medical admissions had similar mean numbers 

of observation sets per admission (25 versus 24). The mean [S.D.] NEWS value for the 

whole hospital stay was lower for non-elective admissions to surgical specialties (1.5 

[1.7] versus 2.0 [2.1], p < 0.001).  The proportion of observation sets where patients 

were receiving supplementary oxygen was 14.8 % for the non-elective surgical group 

and 19.2 % for the non-elective medical group. 

The distribution of NEWS values for all observations for the non-elective medical and 

non-elective surgical groups, against the combined outcome, within 24 hours of the 

observation set can be seen in Figure 4.2 
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Figure 4.2- NEWS distribution of non-elective medical and surgical patient observations versus risk of 
combined outcome (any of the following: death, cardiac arrest, unanticipated ICU admission) 

The proportion of NEWS values of 3 or more was higher for admissions to medical 

specialties; however, the observed risk was higher in patients admitted to surgical 

specialties.  The increased observed risk resulted from an increased risk of 

unanticipated ICU admission (see Figure 4.4) rather than increased risk of death 

(Figure 4.3) or cardiac arrest (Figure 4.5). 

 

Figure 4.3- NEWS distribution non-elective medical and surgical patient observations versus risk of death 
within 24 hours of an observation 

The scale of the secondary “y” axis differs in Figure 4.3 to make the plot easier to 

differentiate between the two observed risk curves as they are very close together. 
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Figure 4.4- NEWS distribution non-elective medical and surgical patient observations versus risk of 
unanticipated ICU admission 

The scale of the secondary “y” axis differs in Figure 4.4 to make the plot easier to read 

as the observed risk curve for the admissions to medical specialties was so low as to 

be difficult to read. 

 

 

 

Figure 4.5- NEWS distribution non-elective medical and surgical patient observations versus risk of 
Cardiac Arrest 
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The scale of the secondary “y” axis differs in Figure 4.5 to make the plot easier to read 

as the observed risk for both surgical and medical admissions for cardiac arrest was 

so low as to be difficult to read without the amended scale. 

 

The AUROCs for NEWS for death, cardiac arrest, UICU admission and the combined 

outcome of any of these for the non-elective surgical and non-elective medical groups 

are shown in Table 4.5.  

An AUROC of 0.5 indicates discrimination that is no better than chance, reasonable 

discrimination by AUROC of 0.7 to 0.8, and good discrimination by AUROC greater 

than 0.8.  In this study all AUROCs were higher than 0.7 showing reasonable to good 

discrimination.5 

Regardless of the method of sample selection used, either all observations or one 

observation per episode, NEWS always produced AUROC values exceeding 0.80 for 

each category of patient outcome except for cardiac arrest (this was in line with 

findings from previous research carried out by our research group)10.   

Discrimination of the risk of death within 24 hours was particularly high, with an 

AUROC exceeding 0.9 for both groups.   

For the all-observations analysis, the discrimination of NEWS indicated by the AUROC 

showed that the performance of NEWS in care of surgical patients matched that of the 

performance in the care of medical patients. Indeed, NEWS was a slightly better 

discriminator of death for non-elective admissions to surgical specialties than for 

non-elective admissions to medical specialties (AUROC 0.914 [95 % C.I. 0.907 to 

0.922] versus 0.902 [0.898 to 0.905]; p = 0.003).  
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Table 4.5- Area under the Receiver Operating Characteristic (AUROC) Curves and 95% confidence 
intervals (CIs) for outcomes studied (death, cardiac arrest, unanticipated ICU admission and any of these, 
each within 24 hours of a vital signs dataset) in the patient groups studied 

  
Non-elective admissions 

to Surgical Specialties 
Non-elective admissions 

to Medical Specialties 
p-value 

All observations  AUROC  CIs AUROC  CIs   

- First Event:           

Death (CI) 0.914 (0.907 to 0.922) 0.902 (0.898 to 0.905) 0.003 

Cardiac Arrest (CI) 0.762 (0.733 to 0.792) 0.747 (0.735 to 0.759) 0.345 

Unanticipated ICU 
Admission (CI) 0.860 (0.853 to 0.868) 0.864 (0.857 to 0.870) 0.555 

Combined outcome (CI) 0.874 (0.868 to 0.880) 0.874 (0.871 to 0.877) 0.874 

            

Random observations through time         

- First Event:           

Death (CI) 0.919 (0.892 to 0.944) 0.929 (0.920 to 0.937) 0.522 

Cardiac Arrest (CI) 0.722 (0.661 to 0.779) 0.744 (0.720 to 0.767) 0.508 

Unanticipated ICU 
Admission (CI) 0.831 (0.810 to 0.851) 0.871 (0.856 to 0.886) <0.001 

Combined outcome (CI) 0.848 (0.832 to 0.864) 0.888 (0.880 to 0.895) <0.001 

 

There was no statistically significant difference in the ability of NEWS to discriminate 

cardiac arrest (p = 0.345), UICU admission (p=0.555) or the combined outcome (p = 

0.874) in either of the two groups.  

Given that NEWS was generated using data from a group of medical patients, this lack 

of statistical difference showed that it was equally applicable for use in the care of 

surgical patients, and could be considered the validation of NEWS for this purpose.   

When one observation set per episode of patient care was selected at random, NEWS 

performed slightly worse for UICU admission and the combined outcome for non-

elective admissions to surgical specialties than for non-elective medical admissions 

but performed the same in the two groups for death and cardiac arrest. 

4.3.3 Efficiency Curve 

The efficiency curve provides a measure of the proportion of vital signs observation 

sets that would trigger at a range of NEWS values, and a measure of the sensitivity at 

that point.  It is recommended that a NEWS value of at least 5 should trigger an urgent 

assessment of the patient by a clinician with core competences to assess acutely ill 

patients and a NEWS value of 7 or more should prompt emergency assessment by a 

clinical team with critical care competencies63,75.  As can be seen in Figure 4.6, NEWS 

value of 5 would trigger such an assessment for 12.3% (NEWS of at least 7: 4.4%) of 
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observations performed on non-elective medical admissions, which would result in 

the detection of 70.2% (NEWS of at least 7: 48.7%) of combined outcomes. 

In these data, a NEWS value of 4 would have a similar efficiency (11.0% of 

observations detecting 70.9% of combined outcomes) for non-elective admissions to 

surgical specialties. 

 

Figure 4.6- Comparison of efficiency curves for non-elective medical and surgical patients for the 
combined outcome. For each NEWS value (markers), this plot shows the percentage of the total number of 
observations at, or above, that NEWS value against the percentage of the total number of NEWS 
observations for which the outcome – combined outcome – was true at, or above, that NEWS value.  

Figure 4.6 shows the early warning score efficiency curve for National Early Warning 

Score (NEWS) using the combined outcome of any of the following: death, cardiac 

arrest or unanticipated ICU admission within 24 hours of a vital signs data set for 

non-elective admissions to medical or surgical specialties.  The percentage of 

observations at or above a given NEWS value, referred to as activity: 

(𝑇𝑃 + 𝐹𝑃)

(𝑇𝑃 + 𝐹𝑃 + 𝑇𝑁 + 𝐹𝑁)
 

Where: TP is true-positive, FP is false-positive, TN is true-negative, and FN is false-

negative, is shown plotted against the percentage of observations that were followed 

by the combined outcome within 24 hours, at or above a given NEWS value, or 

sensitivity:  
(𝑇𝑃)

(𝑇𝑃 + 𝐹𝑁)
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4.4 Discussion 

In this study NEWS performed well in admissions to a group of common surgical 

specialties, despite having been developed for general medical hospital admissions. 

Irrespective of sampling methods used to build a database for analysis, NEWS 

consistently produced AUROC values for non-elective admissions to surgical 

specialties that exceeded 0.8 for all outcomes except cardiac arrest. The AUROCs for 

non-elective admissions to surgical specialties were similar or higher than non-

elective admissions medical specialties, indicating almost identical performance.  

 The finding that NEWS is a poorer discriminator of cardiac arrest, compared with the 

other outcomes studied, also replicates the findings of the original NEWS validation 

study in medicine10.  This could be because cardiac arrest is less predictable than 

UICU admission and death, sometimes occurring in the absence of antecedent 

physiological disturbance.   

A problem with cardiac arrest as an outcome is, it is difficult to distinguish from death 

unless the patient is being continuously monitored which is unlikely on a general 

ward. As part of his outreach work to reduce the number of occasions where 

inappropriate CPR is given, Dr Gordon Caldwell (@doctorcaldwell) summarises the 

problem in a tweet from 16 June 2019: 

“In Ordinary Dying the vital organs progressively fail until heart stops 

last and #CPR cannot work and should not be done.  In cardiac arrest 

the heart suddenly stops first, and CPR may work before progressive 

irreparable damage to brain, heart & vital organs result in death.” 

Cardiac arrest as an outcome is also affected by the variable use of Do Not Attempt 

Cardio-Pulmonary Resuscitation orders.  These inevitably introduce an element of 

randomness, which can influence the discriminative power of any EWS system. 

Aside from its performance in predicting cardiac arrest, another important 

consideration in evaluating the performance of an EWS is the clinical workload that it 

creates.  The efficiency curves for NEWS for non-elective surgical admissions are 

virtually identical to those for non-elective medical admissions.  Analysis of these 

curves shows that using a NEWS threshold of 5 generates different workload and 

detection rates for the two patient groups (medical: workload 12.3 %, detection 70.2 

%; surgical: workload 6.1%, detection 60.6%); and similarly, for a NEWS value of 7 

(medical: workload 4.4%, detection 48.7%; surgical: workload 1.8%, detection 

36.9%). 

The case for disease or condition specific EWSs has been made by some 

authors48,78,79, for use when EWS systems are used outside the patient population in 

which they were developed.  The findings of this study suggest that, for admissions to 

surgical specialties, a change in trigger level could be all that is required.  The NEWS 
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value of 4 for non-elective admissions to surgical specialties has equivalent efficiency 

to a NEWS value of 5 for medicine.  The use of the same EWS for detection of 

deteriorating patients would ensure consistency of approach linked to escalation of 

care which would be particularly helpful where there are changes to staffing - be they 

health care assistants, nurses, or doctors. All staff would know and understand 

protocols to follow and appropriate response. 

However, it would be premature to recommend such a change until further work has 

been done to remove the potential confounders of age, sex and whether the 

observation sets were pre- or post-operative. 

The study has several strengths.  It considers completed non-elective admissions to 

common surgical and medical specialties to a UK district general hospital over 31 

months.  For all observations sets, all necessary vital signs variables were collected 

simultaneously in a standard manner as part of the clinical process, using an 

electronic hand-held device4,80,81. Additionally, each vital signs observation set 

contained all the necessary factors to calculate a NEWS value.   

The study also has several weaknesses, which are common to both the surgical and 

medical patient groups.  For reasons already outlined by Prytherch, Smith et al, in the 

ViEWS paper of 20105, the recorded time of death used in this research is likely to be 

systematically late and therefore the number of observations followed by death 

within 24 hours may well be an underestimate.  

Such errors are less likely in the database used to identify ICU admissions.   Other 

weaknesses are this is a single-centre evaluation which requires external evaluation; 

it was assumed that the hospital treatment of all patients studied was optimal and 

equitable; data from patients who were admitted directly to critical care areas of the 

hospital were not evaluated. 

Patients on an end-of-life pathway were presumed to have a higher risk of death and 

would potentially skew analysis but they could not be excluded explicitly from 

analysis.  It is standard practice within the study hospital to cease vital signs 

collection once a patient enters the end-of-life-pathway.  Consequently, the study 

attempted to minimize the impact of retaining these patients by the selection 

technique. Admissions where there was no observation set within the 24 hours 

before any of the selected outcomes were excluded from the analysis dataset, which 

would exclude a large proportion of patients on an end-of-life pathway.   

 This issue has been addressed in other papers by members of our research group5,82. 

No account could be taken of whether vital signs for surgical patients were measured 

before or after surgery due to the lack of data from the Theatre Management System.  

This is the subject of further work, to be covered in the next chapter.  
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The results of this study suggest that NEWS has a similar performance in patients 

admitted to surgical and medical specialties, but that a change in trigger level may be 

required for surgical patients.  These results further strengthen the argument that 

NEWS should be adopted as a universal EWS for detecting deterioration in hospital.  
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5 Main Study 

5.1 Introduction 

5.1.1 Background – lead in from Chapter 4 

The work in the first study validated NEWS for use in the care of patients admitted to 

surgical specialties. However, our findings suggested that a change of NEWS trigger 

level might be appropriate for surgical patients, potentially at a lower level than for 

medical patients.  This warranted further investigation: can specific differences 

between the medical and surgical datasets be identified that would explain the 

alternative trigger level?  

We surmised potential reasons for this difference could include whether patients had 

an operation or not, whether observations were taken pre- or post-operatively, 

whether there were similarities in the patient age profiles in the two cohorts, 

differences in the NEWS distributions and compositions of NEWS in medical and 

surgical patients.  The pilot study data contained no information on which patients 

went to theatre and so it was not possible to differentiate between pre- and post- 

operative regimes. 

To investigate the differences between medical and surgical patients, we obtained a 

further extract of data from the PHU research database which included additional 

surgery-specific data from the hospital Theatre Management system (TheatreMan).  

The new data included “needle to skin time”, i.e., the time that anaesthetic started, 

which enabled observation sets to be flagged as either pre- or post-operative.  

“Needle to skin time” has been used to designate the start of the operation.  It was 

also possible to enumerate the number of visits to operating theatre (OT) on each 

admission. 

5.1.2 Reiteration of research questions 

Following publication of pilot study, we refined our research questions as follows: 

• NEWS has been shown to be an effective tool in the identification of the 

deteriorating medical patient (Prytherch, 2010; Smith 2013) 9,10 , is NEWS an 

appropriate tool to use in the carte of surgical patients? 

• Should the trigger levels for care escalation as advised by the Royal College of 

Physicians London (2012, 2017) be the same for surgical and medical 

patients? 

• What is the difference in NEWS performance between surgical patients who go 

to theatre and those who do not? 

• How does NEWS performance change over time in the immediate post-

operative period? 
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5.2 Method 

5.2.1 Description of new data extract 

The new data extract included information on the timing of observations from 

TheatreMan, enabling distinction between patient observations where there was no 

theatre visit (OT), or if there was an OT visit, whether observations were taken pre- 

or post-operatively. 

Following the findings in the pilot study83, only non-elective or emergency admissions 

were considered for inclusion, due to the paucity of adverse outcomes in elective 

surgery. 

5.2.2 Dataflow diagrams 

Completed emergency admissions were filtered for the specialty groups as used for 

the previous analysis, medical or surgical patients. For inclusion in the study the 

following requirements were imposed (Figure 5.1): 

1. Admissions included at least one complete set of vital signs sufficient for the 

calculation of NEWS 

2. The vital signs observations were within a physiologically plausible range of 

values 

3. The first event was recorded after the first set of observations was taken 

4. There was at least one observation set within the 24 hours prior to the first 

event or discharge. This enables the study of 24-hour outcomes and acts as a 

surrogate to identify patients on End-of-Life pathway.  Hospital policy is to 

cease taking regular vital signs observations to minimize disturbance of a 

patient who is dying.  This does not mean that the patient does not receive 

nursing care, merely that vital signs observations are not taken.  This method 

has been adopted by the Centre for Healthcare Modelling & Informatics 

(CHMI) research group83 as a means to flag such patients. 
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Figure 5.1 – Flow chart outlining data extraction from QAH and filtering process for Emergency 
admissions, broken down into medical and surgical specialties data 

The next step of filtering is shown in two separate diagrams for clarity, Figure 5.2 and 

Figure 5.3. 

Medical admissions were split by number of visits to theatre: none, one, and more 

than one visit to theatre. There were a small number of medical admissions that 

included a theatre visit but these were considered insufficient for robust analysis.  

Thus, only admissions where there was no OT visit were included and used for 

comparison with surgical observations without an OT visit.  

 

Completed Energency Admissions
01/01/2010 to 31/03/2017 where patient 

stayed overnight in hospital 

Select admissions where there was 
at least one complete set of vital 
signs (defined as sufficient to 
calculate NEWS)

Admissions to Medical 
specialties 157,577 episodes

Admissions to Surgical 
specialties 60,838 episodes

59,859 episodes
1,675,984 observation sets

Select all sets of vital signs where 
observation readings within 
physiological plausible values

Select only patient episodes where 
1st event is recorded after 1st 
observation set (e.g., patients 
admitted directly to ICU, but then 
admitted to ward are excluded)

Select patient episodes with at least 
one observation set  within the 24 
hours prior to the 1st event or 
dishcarge

155,889 episodes
4,336,897 observation sets

155,881  episodes
4,335,484 observation sets

59,859 episodes
1,675,687 observation sets

154,425 episodes
4,282,673 observation sets

59,549 episodes
1,657,725 observation sets

Medical Specialties
143,986 episodes
3,797,445 observation sets

Surgical Specialties
56,534 episodes
1,513,333 observation sets
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Figure 5.2- Filtering medical admissions by number of visits to theatre 

Admissions to surgical specialties were also split by number of visits to theatre: none, 

one and more than one.  Analysis was restricted to observations from patients who 

had either a single OT visit or no visit on that admission, this was due to numbers of 

admissions with two or more OT visits were too small for robust analysis. 

 

 

Figure 5.3- Filtering surgical admissions by number of visits to theatre 

5.3 Results 

5.3.1 Admission specialty distribution and profile 

The full breakdown of medical admissions by specialty is shown in Table 5.1 below, 

including categorisation by number of theatre visits.  Medical admissions were 

dominated by admissions to General Medicine.  

Surgical admissions were more spread out across the specialties, see Table 5.2.  Just 

under two thirds of admissions did not go to OT during that admission. The majority 

of admissions with an OT visit were admitted under Trauma & Orthopaedics, 

followed by General Surgery, Colorectal, and Upper GI specialties. 
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Table 5.1 - Numbers and proportions of admissions to different medical specialties, split by no visit, one 
visit and more than one visit to theatre. 

 No OT visits 1 OT visit >1 OT visits 

Medical Admission 
Specialty 

Admissions 
(n) 

Proportion 
(%) 

Admissions 
(n) 

Proportion 
(%) 

Admissions 
(n) 

Proportion 
(%) 

General Medicine 108,233 76.6 1,484 60.1 188 64.8 

Gastroenterology 1,122 0.8 76 3.1 9 3.1 

Endocrinology 293 0.2 6 0.0 2 0.7 

Clinical 
Haematology 

1,914 1.4 57 0.0 4 1.4 

Rehabilitation 44 0.0 1 0.0 - - 

Cardiology 9,488 6.7 65 0.0 3 1.0 

Respiratory 3,568 2.5 44 0.0 2 0.7 

Nephrology 7,163 5.1 573 0.4 68 23.4 

Medical Oncology 3,577 2.5 47 0.0 4 1.4 

Neurology 8 0.0 - - - - 

Rheumatology 181 0.1 6 0.0 2 0.7 

Geriatrics 3,367 2.4 50 0.0 4 1.4 

Clinical Oncology 2,270 1.6 59 0.0 4 1.4 

Admissions by 
number of OT visits 

141,228 98.1 2,468 1.7 290 0.2 

 

Table 5.2- Surgical Admissions showing numbers and proportions of admissions for each specialty, split by 
no visit, one visit and more than one visit to theatre. 

 No OT visits 1 OT visit >1 OT visits 

Surgical Admission 
Specialty 

Admissions 
(n) 

Proportion 
(%) 

Admissions 
(n) 

Proportion 
(%) 

Admissions 
(n) 

Proportion 
(%)  

General Surgery 8,882 24.1 3,778 20.5 254 20.9 

Urology 6,636 18.0 730 4.0 34 2.8 

Transplant 9 0.0 326 1.8 26 2.1 

Colorectal 9,570 25.9 3,494 18.9 193 15.9 

Hepatobiliary & 
Pancreatic 

- - - - - - 

Upper GI 4,495 12.2 2,109 11.4 124 10.2 

Vascular 424 1.1 204 1.1 64 5.3 

Renal 208 0.6 214 1.2 29 2.4 

Trauma & 
Orthopaedics 6,656 18.0 7,583 41.1 492 40.5 

Admissions by 
number of OT 
visits 

36,880 65.2 18,438 32.6 1,216 2.2 
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5.3.2 Demographics and descriptive statistics: 

Table 5.3 shows the comparison between medical and surgical patients in terms of 

numbers of admissions, observations, median age (years), median length of stay 

(days), and observation rate (per day). 

Table 5.3- Patient demographics, observation rates and length of hospital stay for medical and surgical 
admissions, split by no visit, one visit and more than one visit to theatre  

  No Theatre visits 1 Theatre visit 

  Medical 
Admissions 

Surgical 
Admissions 

Surgical 
Admissions 

Number observations 3,569,468 732,718 642,909 

Number admissions 141,228 36,880 18,438 

Median Age All admissions 72 59 59 

Age IQR/quantiles all admissions 57 - 83 39 - 76 39 - 78 

Male (n) admissions 69,466 17,653 8,396 

Male % Admissions 49.2 47.9 45.5 

Median Age M admissions 71 62 55 

IQR Age M admissions 57 - 81 44 - 77 36 - 73 

Length of stay Median (days) 1 9 15 

Length of stay IQR (days) 1-8 4-23 7-28 

Median observation rate (per day) 3.6 4.0 4.5 

 

5.3.3 Age: male/female patient age distribution versus mortality 

The distribution of admissions to surgery versus mortality split by gender can be 

seen in Figure 5.4.  The proportion of male admissions exceeded female between the 

ages 16 to 69. Proportions were roughly equal in the 70–74-year band, thereafter 

there were more female admissions than male. Mortality rates were comparable until 

the late forties when male surpassed female mortality only dipping in the early 

nineties when the proportion of male admissions was below 3%. 
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Figure 5.4- Age distribution of surgical admissions vs mortality, split by gender 

5.3.4 Datasets truncated to first event: observations and vital signs: 

The datasets were truncated to the first outcome of: cardiac arrest, unanticipated ICU 

admission, death or discharge alive. These precedence outcomes were used in the 

analysis as presented in chapter 483. The parameters analysed included the vital signs 

measured for NEWS calculation: respiration rate [breaths per minute], oxygen 

saturations [%], supplemental oxygen [yes/no], Systolic blood pressure [mmHg], 

pulse rate [beats per minute], level of consciousness [AVPU], and temperature [°C]. 

Table 5.4 summarises NEWS and the component vital signs observations, split 

between “no visit to OT” – Medicine and Surgery groups – and “one visit to OT” for the 

Surgery group.  The summary vital signs were of similar level in each of the patient 

groups except for the proportion of patients receiving supplemental O2 which was 

much higher amongst the medical cohort 20%, compared with the surgical cohort 

without an OT visit, 11.2%.   

 

Table 5.5 shows the pre- and post-operative NEWS and component vital signs 

observations, for the group of surgical patients who had one OT visit. The high 

proportion of patients receiving supplemental O2 was largely post-operative patients, 

which would have been required in the immediate post-operative period. 
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Table 5.4- Summary of NEWS and vital signs observations for the Medical and Surgical groups. 
Surgical patients were further divided into those who did not go to theatre and those who had 1 
theatre visit during their admission. Data from all admissions was limited to observations up to 
the first adverse event. 

 No OT Visit 1 OT Visit 

  Medicine Surgery Surgery 

NEWS - median 1 1 1 

NEWS – Q2-Q3 0-3 0-2 0-2 

Pulse - mean 80.52 78.54 79.55 

Pulse - SD 16.32 15.16 14.42 

Respiration rate - median 17 16 16 

Respiration rate – Q2-Q3 16-18 15-17 15-17 

Temperature - mean 36.69 36.73 36.75 

Temperature - SD 0.49 0.48 0.47 

Systolic BP - mean 126.11 124.7 126.17 

Systolic BP - SD 22.23 21.46 21.75 

SATS (%) - median  96 96 97 

SATS (%)– Q2-Q3 95-98 95-98 95-98 

number on supp 02 (n) observations 704,136 80,649 113,378 

Proportion on supp O2 (%) 20.00 11.24 18.73 

Cons level - Alert (n) 3,477,970 712,968 601,665 

Proportion obs Alert (%) 98.78 99.35 99.42 

Cons level - Voice (n) 30,497 3,469 2,405 

Proportion obs - Voice (%) 0.87 0.48 0.40 

Cons level - Pain (n) 6,997 577 352 

Proportion obs - Pain (%) 0.20 0.08 0.06 

Cons level - Unresponsive (n) 3,732 373 187 

Proportion obs - Unresponsive (%) 0.11 0.05 0.03 

Cons level - Sedated (n) 1,582 249 561 

Proportion obs - Sedated (%) 0.04 0.03 0.09 

Total Observations (n) 3,520,778 717,636 605,170 

 

5.3.5 Numbers of admissions and outcomes by dataset  

For all subsequent analysis, the datasets were truncated at the date and time of the 

first, or precedence outcome as presented in chapter 4.  If the first event was the 

patient’s discharge, then all observations from that period of care were included in 

analysis. 

However, time of discharge is not always accurately recorded. Patient admissions and 

discharges are entered into the hospital computer systems by ward clerks in batches. 

At times, if patients are due to be discharged later that day, the discharge date and 

time were recorded in advance of any observations, procedure, or event. As a result of 

truncation, a very small number of admissions (3 out of 18,438 surgical admissions 

with 1 OT visit) were removed from the analysis when all observations were 
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recorded after the recorded discharge date. Removing these admissions did not have 

any significant impact on the results of this analysis.  

Table 5.5- Summary of NEWS and vital signs observations for Surgical patients divided into pre- 
and post-operative observation. Data from all admissions was limited to observations up to the 
first adverse event. 

 

  One Theatre Visit 

  Pre-Operative Post-Operative 

NEWS - median 1 1 

NEWS – Q2-Q3 0-2 0-2 

Pulse - mean 79.34 79.61 

Pulse - SD 15.65 14.06 

Respiration rate - median 16 16 

Respiration rate – Q2-Q3 15-17 15-17 

Temperature - mean 36.80 36.74 

Temperature - SD 0.51 0.46 

Systolic BP - mean 125.81 126.28 

Systolic BP - SD 22.24 21.61 

SATS (%) - median  97 97 

SATS (%)– Q2-Q3 95-98 95-98 

Number on supp 02 (n) observations 12,217 101,161 

Proportion on supp O2 (%) 9.25 21.38 

Cons level - Alert (n) 131,491 470,174 

Proportion obs Alert (%) 99.61 99.37 

Cons level - Voice (n) 385 2,020 

Proportion obs - Voice (%) 0.29 0.43 

Cons level - Pain (n) 58 294 

Proportion obs - Pain (%) 0.04 0.06 

Cons level - Unresponsive (n) 39 148 

Proportion obs - Unresponsive (%) 0.03 0.03 

Cons level - Sedated (n) 33 528 

Proportion obs - Sedated (%) 0.02 0.11 

Total observations (n) 132,006 473,164 

 

The primary outcome used for this analysis was the combined outcome which 

included: cardiac arrest, death, and unanticipated ICU admission, all within 24 hours 

of an observation set. Table 5.6 shows numbers of admissions and precedence 

outcomes split by number of OT visits and by medicine or surgery.   
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Table 5.6- Summary of number of observations, admissions, and adverse outcomes within 24h of NEWS 
observation for different patient groups (medical, surgical, pre- and post op). Only the first outcome for 
each admission was considered in this analysis. 

Number of Theatre 
visits - Admissions 

& Precedence 
Outcomes 

0 OT 1 OT 

Medicine Surgery Surgery Pre-Op Post-Op 

Number 
observations 

3,520,778 717,636 605,170 132,006 473,164 

Number admissions 141,217 36,870 18,435 - - 

Death-
24_Admissions (n) 

5,551 550 166 27 148 

Death-
24_Admissions (%) 

3.93 1.49 0.90 0.15 0.83 

Unanticipated ICU24-
Admissions (n) 

750 213 533 488 60 

Unanticipated ICU24-
Admissions (%) 

0.53 0.58 2.89 2.78 0.34 

Cardiac Arrest24-
Admissions (n) 

949 108 39 12 35 

Cardiac Arrest24-
admissions (%) 

0.67 0.29 0.21 0.07 0.2 

Combined Outcome 
24-Admissions (n) 

7,250 871 738 527 243 

Combined Outcome 
24-admissions (%) 

5.13 2.36 4.00 3.01 1.36 

 

Definitions of outcomes: 

DEATH 24: DEATH AS FIRST OUTCOME WITHIN 24 HOURS OF AN OBSERVATION SET 

UNANTICIPATED ICU ADMISSION: ICU ADMISSION AS FIRST OUTCOME WITHIN 24 HOURS OF AN OBSERVATION SET 

CARDIAC ARREST 24: CARDIAC ARREST AS FIRST EVENT WITHIN 24 HOURS OF AN OBSERVATION SET 

COMBINED OUTCOME 24: ANY OF THE ABOVE AS FIRST EVENT WITHIN 24 HOURS OF AN OBSERVATION SET 

 

Table 5.7 shows the precedence outcomes split by numbers of observations, for each 

patient group, medical and surgical, by number of theatre visits. 
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Table 5.7- Precedence outcomes split by numbers of observations, admissions, and broken down by 
number of visits to theatre, and whether observation taken pre- or post-operatively 

Number of Theatre 
visits - Observations & 
Precedence Outcomes 

0 OT 1 OT 

Medicine Surgery Surgery Pre-Op Post-Op 

Number observations 3,520,778 717,636 605,170 132,006 473,164 

Number admissions 141,217 36,870 18,435 - - 

Death-
24_0bservations (n) 25,859 2,891 1,073 107 966 

Death-
24_0bservations (%) 0.73 0.4 0.18 0.08 0.2 

UnanticipatedICU24-
Observations (n) 5,232 2,011 3,002 2,316 686 

UnanticipatedICU24-
Observations (%) 0.15 0.28 0.50 1.75 0.14 

Cardiac Arrest24-
Observations (n) 4,456 589 248 44 204 

Cardiac Arrest24-
Observations (%) 0.13 0.08 0.04 0.03 0.04 

Combined Outcome 
24-Observations (n) 35,547 5,491 4,323 2,467 1,856 

Combined Outcome 
24-Observations (%) 1.01 0.77 0.71 1.87 0.39 

 

Definitions of outcomes: 

DEATH 24: DEATH AS FIRST OUTCOME WITHIN 24 HOURS OF AN OBSERVATION SET 

UNANTICIPATED ICU ADMISSION: ICU ADMISSION AS FIRST OUTCOME WITHIN 24 HOURS OF AN OBSERVATION SET 

CARDIAC ARREST 24: CARDIAC ARREST AS FIRST EVENT WITHIN 24 HOURS OF AN OBSERVATION SET 

COMBINED OUTCOME 24: ANY OF THE ABOVE AS FIRST EVENT WITHIN 24 HOURS OF AN OBSERVATION SET 

 

Cardiac arrest was not analysed further as numbers were too low for robust analysis. 

5.3.6 NEWS distribution versus observed risk – truncated to first event 

The datasets were split by number of visits to theatre.  Figure 5.5 shows the 

distribution of NEWS for the observations where there was no OT visit, a comparison 

between the medical and surgical cohorts, versus the observed risk: the combined 

outcome [the first of: cardiac arrest, unanticipated ICU admission or death]. 

The bars show the distribution of observation sets at each value of NEWS, coded red 

for medical specialties and blue hatching for surgical specialties. 
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The observed risk curves are shown as long dashed blue line for Medical Specialties 

and short dashed red line for Surgical Specialties, to be read against the secondary y 

axis. 

  

 

Figure 5.5- Distribution of NEWs observations (bars) and risk of combined outcome (markers) by NEWS 
value, split into medical and surgical groups. NEWS values greater or equal to 10 have been grouped 
together. Please note, the different y-axes for the proportion of NEWS observations (left) and observed 
risk (right) for ease of differentiation between the two risk curves and confidence intervals. 

Figure 5.6 shows the distribution of NEWS for surgical patients with one OT visit, 

comparing pre-operative and post-operative observations. The combined outcome 

risk curve is also shown. The pre-operative curve is more varied than the post-

operative and confidence intervals are much wider at higher NEWS values.   
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Figure 5.6- NEWS distribution for the combined outcome, for surgical patients with 1 theatre visit split by 
pre-/post-operative observations. NEWS values greater or equal to 10 have been grouped together. Please 
note, the different y-axes for the proportion of NEWS observations (left) and observed risk (right) for ease 
of differentiation between the two risk curves and confidence intervals. 

 

 

5.3.7 Efficiency Curves  

The efficiency curve is a means of analysing the performance of NEWS, plotting the 

percentage of observations at or above a threshold for escalation (a measure of 

workload assigned to responders) against sensitivity for the outcome of interest. 

Efficiency curves are given in two formats. Table 5.8 gives the numeric values for 

NEWS 4 and 5 of the trigger values or percentage of total observations, and the 

sensitivity or percentage of detectable adverse events. The table makes it easier to 

compare the difference between triggering on NEWS 5 as recommended by RCP 

London and NEWS 4, which was the potential trigger level for surgical patients 

identified in Chapter 4. 

The values relating to Medical patients who did not go to theatre are similar to those 

featured in Chapter 4 (see chapter 4.3.3), but the results for the surgical patients have 

been separated between those who did not go to theatre, and those who went to 

theatre have been further split between pre- and post-operative observations.  
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Table 5.8 – Summary of activity (percentage of total observations at a given NEWS value) and sensitivity 
(percentage of detectable events at that NEWS value) for different patient groups at key NEWS values, 
NEWS 4 and NEWS 5. 

  NEWS 4 NEWS 5 

  
% Total 

observations 
% Detectable 

adverse events 
% Total 

observations 
% Detectable 

adverse events 

Medicine 0 OT          

Combined outcome } 80.97 } 72.68 

Death 24 19.36 84.61 12.31 77.05 

Cardiac arrest   60.44  48.32 

Unanticipated ICU adm } 80.49 } 71.85 

Surgery 0 OT          

Combined outcome } 76.40 } 66.38 

Death 24 10.61 80.46 6.04 72.60 

Cardiac arrest   50.76  37.52 

Unanticipated ICU adm } 78.07 } 65.89 

Pre-op observations         

Combined outcome } 49.05 } 37.54 

Death 24 9.68 60.75 5.51 56.07 

Cardiac arrest   36.36  25.00 

Unanticipated ICU adm } 48.75 } 36.92 

Post-op observations         

Combined outcome } 78.29 } 69.77 

Death 24 11.83 80.43 6.16 74.64 

Cardiac arrest   58.82  47.06 

Unanticipated ICU adm } 81.05 } 69.68 

 

Figure 5.7 and Figure 5.8 show Efficiency Curves for pre- and post-operative 

observations for both the combined outcome and death 24, for surgical patients 

where there was an OT visit.  The Efficiency Curves generated from pre-operative 

observations were less sensitive than those for post-operative, echoing the variation 

seen in the observed risk curves (Figure 5.6). 
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Figure 5.7- Comparison of Efficiency Curves for the combined outcome within 24h of NEWS observations 
in pre- versus post-operative observations. For each NEWS value (markers), this plot shows the 
percentage of the total number of observations at, or above, that NEWS value against the percentage of 
the total number of NEWS observations for which the outcome – combined outcome – was true at, or 
above, that NEWS value 

 

 

Figure 5.8- Efficiency Curve for risk of death within 24 hours, pre- versus post-operative observations. For 
each NEWS value (markers), this plot shows the percentage of the total number of observations at, or 
above, that NEWS value against the percentage of the total number of NEWS observations for which the 
outcome – combined outcome – was true at, or above, that NEWS value 



 
 
 

57 
 

For comparison, Figure 5.9 and Figure 5.10 show the efficiency curves for medical 

versus surgical admissions without OT visit for both the combined outcome and 

death within 24 hours of observation.  

 

Figure 5.9- Efficiency Curve for the combined outcome, emergency medicine vs surgery.  For each NEWS 
value (markers), this plot shows the percentage of the total number of observations at, or above, that 
NEWS value against the percentage of the total number of NEWS observations for which the outcome – 
combined outcome – was true at, or above, that NEWS value 
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Figure 5.10- Efficiency Curve for risk of death within 24 hours, emergency medicine vs surgery For each 
NEWS value (markers), this plot shows the percentage of the total number of observations at, or above, 
that NEWS value against the percentage of the total number of NEWS observations for which the 
outcome – combined outcome – was true at, or above, that NEWS value 

 

Results confirm findings from Chapter 4 with comparable overall shapes of medical 

and surgical efficiency curves but shifts in trigger values (Figure 5.9 and Figure 5.10).  

The curves on each plot were very similar except that the points marking lower 

NEWS values were further apart.  The curves for the medicine and surgery cohort, 

without an OT visit, were more alike than the pre-/post-operative curves (Figure 5.7 

and Figure 5.8) but the points indicating the NEWS values did not map directly onto 

each of the curves.   

5.3.8 Vital signs component contributions to NEWS 

To investigate whether there was a difference in the physiology of pre- and post-

operative patients, the score for each of the seven individual parameters which 

constituted the total NEWS given for that observation set was mapped.  This was 

achieved by first grouping the data by NEWS value, followed by calculating the 

proportion of contribution made by each component NEWS from each vital sign to 

that total NEWS.  

Figure 5.11 and Figure 5.12 illustrate the make-up of each of the NEWS 4 vital signs 

components: pre-operative observations compared with post-operative observations.  
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Table 5.9 – Abbreviations of NEWS components used in Figures 5.11 – 5.16. 

Abbreviation NEWS component 
RR Respiration rate 
PR Pulse Rate 
SBP Systolic Blood Pressure 
Temp Temperature 
AVPU Level of Consciousness, 

Alert/Voice/Pain/Unresponsive 
SATS Oxygen Saturation 
On O2 On supplemental O2 

 

Results show that more patients received supplemental O2 post-operatively and 

component scores for blood pressure had also increased.  

 

Figure 5.11 -Proportion of NEWS weights (0, 1, 2, 3) for each different vital signs contributing to pre-
operative observations of NEWS 4 

The constituent component NEWS are colour coded as follows: Blue = NEWS 0; Green = NEWS 1; Yellow = 
NEWS 2; and Orange = NEWS 3.  Each bar represents an individual vital sign split by individual 
proportional NEWS component contribution.  A legend for all abbreviations it provided in Table 5.9. 
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Figure 5.12- Post-operative vital signs component contribution to NEWS 4 

The constituent component NEWS are colour coded as follows: Blue = NEWS 0; Green = NEWS 1; Yellow = 
NEWS 2; and Orange = NEWS 3.  Each bar represents an individual vital sign split by individual 
proportional NEWS component contribution.  A legend for all abbreviations it provided in Table 5.9. 

Figure 5.13 and Figure 5.14 show the make-up of the NEWS 5 component vital signs 

where again more observations indicated more supplemental O2 was given post-

operatively, and their higher contributions for systolic blood pressure and AVPU. 

 

Figure 5.13- Pre-operative vital signs component contribution to NEWS 5 
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Figure 5.14- Post-operative vital signs component contribution to NEWS 5 

The constituent component NEWS are colour coded as follows: Blue = NEWS 0; Green = NEWS 1; Yellow = 
NEWS 2; and Orange = NEWS 3.  Each bar represents an individual vital sign split by individual 
proportional NEWS component contribution.  A legend for all abbreviations it provided in Table 5.9. 

 

A further example of vital signs component contributions to NEWS 7 are shown 

below in Figure 5.15 and Figure 5.16.  Again, there were higher levels of 

supplementary O2 post- than pre-operatively, but the pre-/post-operative difference 

was less.  The contribution of respiration rate to overall NEWS was more often scored 

2 (32%) than 3 (29%). Pulse rate had lower NEWS 2 and 3 contributions post-

operatively compared with pre-operative contributions, the SATS reading was more 

severely deranged with lower contributions from NEWS 1 but higher from NEWS 2 

and 3, compared to pre-operative observations. 
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Figure 5.15- Pre-operative vital sings component contributions to NEWS 7 

The constituent component NEWS are colour coded as follows: Blue = NEWS 0; Green = NEWS 1; Yellow = 
NEWS 2; and Orange = NEWS 3.  Each bar represents an individual vital sign split by individual 
proportional NEWS component contribution.  A legend for all abbreviations it provided in Table 5.9. 

 

 

Figure 5.16- Post-operative vital signs component contributions to NEWS 7 

 

Plots containing all the constituent graphs for each dataset, showing the component 

contributions to NEWS 1 up to NEWS14 can be found in the Appendix [8.3].  



 
 
 

63 
 

5.3.9 Area Under the Receiver Operating Characteristic curve (AUROCs) 

As before (Kovacs, Jarvis, Prytherch et al, 2016)83, the ability of NEWS to discriminate 

outcomes within 24 hours of vital signs observation was evaluated using the area 

under the receiver operating characteristic (ROC) curve (Table 5.10).  

Table 5.10- Area Under the Receiver-Operating Characteristic Curve (AUROC), describing the ability of 
NEWS to predict different outcomes within 24h of observation. Only the first adverse event for each 
admission was considered in this analysis. 

  No OT visit Surgery 1 OT visit 

 Precedence Outcome Medicine Surgery Pre-Op Post op 

Combined Outcome 24 0.885 0.901 0.779 0.906 

Death 24 0.904 0.918 0.825 0.916 

Unanticipated ICU adm 24 0.873 0.908 0.777 0.918 

 

5.4 Discussion 

The results of the pilot study indicated a potential difference between surgical and 

medical patients such that a lower trigger level for NEWS might be indicated. The goal 

of this study was to investigate whether a significant difference existed between 

patients who go to theatre and those who did not. 

5.4.1 Age and gender profile 

In the groups studied, the surgical patients (both those with and without an OT visit) 

tended to be younger than the medical patients. Surgical patients had more 

observations than medical patients, but this included the patients with an OT visit 

who would have had more frequent observations in the immediate post-operative 

recovery period. 

Median age for surgical admissions (59 years) was younger than the medical group 

(72 years), although the interquartile range was wider (39 to 76 years) reflecting a 

greater range of ages amongst surgical patients than medical patients (57 to 83 

years).  The proportion of males was less than 50% across all three groups of patients 

although this was lowest in the group who went to theatre (45.5%).  

The age distributions of the different patient cohorts differed in that admissions for 

the medical patients increased gradually across the age ranges with a peak in the late 

seventies for males and early and mid-eighties for females, whereas for patients who 

had an OT visit, admissions were more evenly spread across all the age ranges.   Male 

admissions outnumbered female until the mid-seventies when they declined in line 

with national population levels. In the younger age groups this might have arisen 

from the tendency for younger males to be at greater risk from car accidents and 

sports injuries.  Female surgical admissions without an OT visit were greater than 

male up until the mid-thirties which may have been due to gynaecological or obstetric 

issues, but these admission specialties had been excluded from analysis. 



 
 
 

64 
 

There were differences in the age ranges between the two cohorts, but it was not 

possible to draw any conclusions on whether the differences affected NEWS 

performance. 

Female mortality lagged that of males in both the medical and surgical (with one OT 

visit) groups in line with what would be expected. However, in the surgical group 

who did not go to OT on that admission, male and female mortality rates were very 

similar. 

 

5.4.2 Length of Stay – Time to Theatre – Convalescence  

Median length of stay was similar for the group of medical patients and those surgical 

patients with one OT visit, around two weeks (IQR: 21 days), whereas for surgical 

patients without a theatre visit the median length of stay was 9 days (IQR: 19 days). 

To gain further insight into the hospital stay for the typical surgical patient, the data 

for those who had an OT visit were analysed further.  Median waiting time prior to 

going to theatre for this group of patients, taken as between admission and needle to 

skin time, was 21.2 hours (median), with an interquartile range of 12.2 to 42.74 

hours.  This roughly equates to a median waiting time of 0.88 days with an inter-

quartile range of 0.5 to 1.78 days.  Thus, the waiting time was relatively short for the 

majority of patients. The time spent convalescing in hospital, taken as time from start 

of operation (needle to skin time) to discharge was 54.89 hours (2.29 days) with an 

interquartile range of 24 to 199.2 hours (1 to 8.3 days). 

5.4.3 Observations and vital signs 

The proportion of vital signs observations taken pre-operatively was 21.8% 

compared with 78.2% of observations taken post-operatively, which would have 

included an enhanced observations regime in the immediate post-operative period 

recovery period.  There was little discernible difference between pre- and post-

operative vital signs observations beyond an increased proportion of patients 

receiving supplementary O2 which had increased from 9.25% to 21.38%. 

5.4.4 Numbers of admissions and outcomes 

Surgical admissions were split roughly one-third going to theatre on that admission 

and two-thirds non-operative on that admission.  The non-operative patients might 

have returned at a later date for a planned or elective procedure following hospital 

treatment to stabilise or treat symptoms. This will be the subject of further work. 

Pre-operative risk for surgical patients was highest for unanticipated ICU admission, 

which amounted to 2.78% of admissions and was the major contributor to the overall 

pre-operative combined outcome of 3.01%.  
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Post-operative risk was considerably lower and was dominated by the risk of death 

within 24h which contributed 0.83% to the overall risk of 1.36%. 

5.4.5 NEWS distribution versus observed risk 

The distributions of NEWS values differed between the medical and surgical patient 

groups without an OT visit in that there was a higher proportion of surgical patient 

observations with a low NEWS value compared with the medical patient group. 

However, the risk of combined outcome in the surgical group was higher at NEWS ≥5, 

which matched the findings of the pilot study.  NEWS values for the group of surgical 

patients who went to OT were mostly 5 or lower for both pre- and post-operative 

observations. However, for NEWS ≥ 2 the proportion of observations was higher in 

the post-op cohort.  

In contrast, observed risk in the pre-operative surgical group was proportionately 

higher than in the post-operative group, with the NEWS distribution not reflecting the 

overall risk of these patients. This observation was potentially driven by a perceived 

higher rate of unanticipated ICU admissions in the pre-operative cohort, likely an 

artefact due to the way in which the data were processed, i.e., observation sets were 

flagged as having had an unanticipated ICU admission at some point during the 

admission and then individual observation sets were flagged as either pre- or post-

operative for analysis.  To try to clarify the timing of unanticipated ICU admissions 

the data were searched for instances of pre-operative unanticipated ICU admission, 

but none were found.   Furthermore, only a small number of patients returned to the 

ward prior to ICU admission.  This should be investigated further in any future work.  

Thus, the majority of patients identified as having had an unanticipated ICU 

admission were likely to have been transferred to ICU as part of a clinical decision 

process made whilst the patient was still in OT. 

Pre-operative patients’ observations tended to have a greater proportion of lower 

NEWS than post-operative patients but the observed risk for the preoperative 

patients was consistently higher than that of the post-operative patients.  Many of the 

post-operative patients received supplementary O2 which carries a NEWS tariff of 2, 

but NEWS for respiratory rate and SATS levels were lower post-operatively.  

The confidence intervals of the pre-operative risk estimates were comparatively large 

due to lower numbers of observations.  However, the confidence intervals of the pre- 

and post-operative observed risk curves do not overlap indicating that risk levels are 

significantly higher pre-operatively.  The confidence intervals for NEWS ≥10 appear 

to overlap but it must be borne in mind that these are amalgamated results which 

only appear to overlap represent very low numbers. 
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5.4.6 Efficiency Curves 

The pilot study (see Chapter 4) results suggested that it might be appropriate to 

revisit alert trigger levels for surgical patients.  This study examined pre- and post-

operative vital signs and NEWS values separately.   

Using the pre-operative data to generate and efficiency curve, performance remained 

poor even when using NEWS 4 as trigger level, a reflection of the emergency nature of 

the patients’ admissions requiring surgical intervention.  However, post-operative 

data showed improved performance, comparable to that achieved for the medical 

patient cohort further indication of the patients’ need for surgery which once 

delivered convalescence was able to proceed successfully.   

Indeed, the medical patient cohort at a trigger level of NEWS 5 required 12.31% of 

observations at that level be reviewed in order to have potentially detected 72.68% of 

the combined outcome.  The surgical patient cohort, using pre-operative observations 

at NEWS 5 required review of 5.51% of observations which would have potentially 

detected 37.54% of the combined outcome, even at a reduced level of NEWS 4, review 

of 9.68% observations would have potentially detected 49.05% of the combined 

outcome.  However, using post-operative observations the position was very 

different. At a level of NEWS 5, only 6.16% of observations required review to 

potentially detect 69.77% of the combined outcome, a similar detection rate to that 

achieved for medical patients.  The performance would have been further improved if 

the lower trigger level of NEWS 4 had been used.  For these data, triggering on NEWS 

4 would have required review of 11.83% observations but would have potentially 

detected 78.29% of the combined outcome.  Thus, for a lesser workload than for the 

medical cohort, an improved level of efficiency might have been achieved for these 

surgical patients. 

5.4.7 Vital Signs Component Contributions to NEWS 

Post-operative patients had a larger proportion of vital signs with a score of zero. 

More patients received supplementary O2, but SATS, Respiration Rate and Pulse Rate 

all showed improvement compared to pre-operative observations.  Extreme 

derangement of Respiration Rate and SATS with contributions to NEWS 3 and 2, was 

reduced. 

5.4.8 AUROCs 

The pre-operative performance of NEWS as discriminator of any of the outcomes was 

weaker than post-operative.  The post-operative performance of NEWS was stronger 

than for the medical or surgical patients’ groups who did not go to OT. 

A possible reason for the difference in pre-/post-operative NEWS performance is that 

once a patient has had their surgery the main problem has been addressed with the 

knock-on effect of improving the ability of NEWS to discriminate post-operative 

outcome.  
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5.4.9 Strengths and weaknesses 

The most significant weakness of the pilot study (Chapter 4) has been addressed in 

this chapter: the addition of theatre data which has enabled the comparison between 

pre- and post-operative observations, and the analysis of observations from patients 

without an OT visit.   

“Needle to skin” time, start-time of anaesthetic, was taken as indication that there was 

a procedure and a time point to designate observations as being pre- or post-

operative. No further investigation of type procedure was undertaken, which 

indicates a potential weakness of this study as not all of the procedures will have 

been surgical operations requiring general anaesthetic or epidural.   

This is a common limitation when using secondary data, gathered for a different 

purpose than this study and hence was not designed specifically for this analysis. 

This study was still a single centre study.  The analysis should be repeated using data 

from another hospital to validate the results. 

5.4.10 Lead into chapter 6 

The work described in this chapter gave an indication that further investigation into 

the immediate post-operative period was required.  This will be addressed in chapter 

6.  
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6 Post-Operative Vital Signs and NEWS values 

6.1 Introduction  

Further analysis of the extended data set was carried out which included 

investigation of post-operative length of stay and the relationship between patient 

post-operative NEWS and time elapsed since surgery.   

My hypothesis was that in the immediate post-operative period the surgical patient 

would be recovering from both the surgery and the effects of general anaesthetic and 

would be similar to a medical patient, but that differences between the two patient 

groups would become more apparent the longer the period since surgery.  

6.2 Post-Op Length of Stay (LoS) investigation 

The aim of this work was to better understand the trends in NEWS over the post-

operative observation period.  In a first step, differences in patients' post-operative 

length of stay across different age ranges and admission specialties were investigated.  

The surgical data were then split into three sections for analysis, according to the 

number of hours that had elapsed since surgery: 0 to 24 hours, 24 to 48 hours, and > 

48 hours. 

Table 6.1 Numbers of observations per LoS for broken down by dataset.  The Medical cohort includes all 
observations for each LoS, whereas the Surgical cohort was divided into three groups according to the 
number of hours elapsed since surgery. The observation period (days) shown in the final column of table 
6.1, uses the mean period for the cohorts, except for those that have been restricted to 24 hours. 

  Obs’ns (n) in given period 
Obs’n 
period  

Cohort  Mean  SD  Median (days) 

Medical 24.93 33.79 14 4 

Surgery_0_to_<24hrs_post-op 8.00 4.35 7 1 

Surgery_>24_to_<48hrs_post-op 4.11 2.60 4 1 

Surgery_>48hrs_post-op 33.58 39.23 21 10 

 

Table 6.1 shows that, in the first 24-hour post-operative period, a mean of 8 (SD: 

4.35) observations were made, which reduced to just over 4 in the second 24-hour 

post-operative period.  The period designated “> 48 hours” included all the rest of the 

observations made, up to patient discharge (median length of period: days).  

To investigate post-operative Length of Stay in relation to specialty and age, one 

observation set per admission was extracted and the LoS calculated for each 

admission. Admissions were then divided between the following ranges: post-

operative stays of 0 to 4 days, 4 to 7 days, 7 to 10 days, 10 to 20 days, and more than 
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20 days.  The chosen ranges were guided by the median and quartiles of LoS in 

combination with a histogram generated from the LoS variable in the data. This 

showed that most admissions had post-operative LoS of 10 days or fewer.  

Table 6.2 shows the proportion of admissions grouped by LoS and QAH designated 

admission specialty.  Each of the columns represents a range of post-op LoS and 

shows the proportions of the different surgical specialties for that range. 

Table 6.2. Proportion of emergency surgical admissions, filtered according to post-operative length of stay 
in days, broken down by QAH designated admission specialty.  

Proportion of Admissions grouped by Specialty Code and Post Op Length of Stay (%) 

Specialty 
Code 

Description 
0-4 

days 
4-7 

days 
7-10 
days 

10-20 
days 

>20 
days 

Proportion 
by 

Specialty 
(%) 

100 General Surgery  25.71 18.70 13.59   8.93   7.38 20.19 

101 Urology    5.30   3.31   1.82   1.29   1.20  3.92 

102 Transplant    0.01   5.46   8.21   3.41   0.73  1.81 

104 Colorectal  24.02 17.84 10.90   8.63   4.52 18.59 

106 Upper G.I.  14.66 10.13   6.73   4.01   2.86 11.11 

107 Vascular   0.76   1.85   1.41   1.17   2.13  1.11 

109 Renal   1.45   1.55   0.81   0.39   0.33  1.17 

110 Trauma & Ortho. 28.09 41.15 56.53 72.16 80.85 42.11 

        

Prop'n adm's grouped by LoS (%) 59.01 11.20 8.34 13.01 8.44 100.00 

 

 

Thus 59.01% of surgical admissions with a theatre visit had LoS of 4 days or fewer, of 

which General Surgery accounted for 25.71%. 

Vascular surgery moved to Southampton from QAH in 2017 which may partially 

account for its low proportion of cases. 

The surgical admission specialties with the highest proportion of admissions were 

Trauma & Orthopaedic (42.11%), General Surgery (20.19%), Colorectal (18.59%), 

and Upper GI (11.11%). Trauma & Orthopaedic tended to have the longest stays in 

hospital whereas Colorectal, General and Upper GI Surgery had the shorter stays.  The 

age range distributions for each of these can be found in Appendix 8.4. 
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The proportion of different age ranges for each length of stay, grouped by number of 

days, was also generated for the whole surgical cohort (Table 6.3): 

Table 6.3 Age distribution of emergency surgical cohort split by post-operative length of stay 

Post-Operative Length of Stay - proportion by age group   

Length of 
Stay 

0 to 4 
days 

4 to 7 
days 

7 to 10 
days 

10 to 20 
days 

>20 
days 

Proportion of 
age group  

    

age group % % % % % %     

16-19 5.59 1.26 0.40 0.09 0.00 3.49     

20-24 10.53 3.16 1.35 0.43 0.27 6.76     

25-29 8.80 3.06 1.41 0.69 0.07 5.75     

30-34 8.12 2.71 1.41 0.82 0.53 5.37     

35-39 7.08 3.92 2.15 1.21 0.53 5.00     

40-44 7.88 4.37 2.96 2.16 0.93 5.75     

45-49 8.84 5.52 3.64 2.03 0.80 6.47     

50-54 8.19 7.58 5.45 3.07 1.60 6.67     

55-59 6.62 7.38 6.87 3.72 2.20 5.98     

60-64 6.08 8.48 7.95 4.89 3.86 6.16     

65-69 5.96 10.99 7.47 7.32 4.33 6.69     

70-74 4.99 9.04 10.91 8.87 7.33 6.64     

75-79 4.46 9.14 13.00 12.94 12.26 7.46     

80-84 3.59 11.65 16.03 17.79 21.92 8.92     

85-89 2.11 6.93 10.30 18.01 21.85 7.06     

90-94 1.02 3.56 6.46 11.86 17.06 4.52     

95-99 0.14 1.15 1.82 3.85 4.26 1.22     

100-104 0.01 0.10 0.40 0.22 0.20 0.10     

Proportion 
LoS (%) 

59.05 11.19 8.34 12.98 8.43 100.00     

 

For a further of breakdown of Colorectal, General Surgery, Trauma and Orthopaedics, 

and Upper G.I Surgery please see Appendix 8.4   

6.3 Post-operative NEWS values 

NEWS values in the immediate post-operative period were investigated to see how 

they compared with observations from the medical cohort.  

6.3.1 Methods for analysis of post-op NEWS 

Observations were split into three groups: the first 24-hour period post-op, the 

second 24-hour period post-op, and observations taken 48 hours or more post-

surgery. 

This was done using observation date/time and needle-to-skin date/time. 
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6.3.2 Results: patient characteristics 

Table 6.4 summarises patient demographics, number of observations and length of 

stay for each of the post-operative observation periods.  Overall, the average age was 

lower and (post-op) length of stay was shorter in patients having observations within 

the first 24-hours post-op. 

Table 6.4 Demographics: observations/admissions for the 3 groups of surgical patients compared with 
the medical cohort 

Demographics Surgery number of hours post-op Medical 

Observations/admissions  0 to 24  24 to 48   >48 Cohort 

Number observations 142,033 42,672 288,459 3,520,778 

Number admissions 17,753  10,372  8,591  141,217  

Median Age All admissions 58 71 74 72 

Age Quartiles - All  38-78 52-83 58-84 57-83 

Male (n) admissions 8,050 4,319 3,461 69,463 

Male % Admissions 45.34 41.64 40.29 49.19 

Median Age M admissions 54 66 69 71 

Age Quartiles - Male  35-72 49-79 53-81 57-81 

Median Length of stay (days) 4 9 10 4 

Post-Op LoS Quartiles (days)  2-10  5-16  7-18 1-8 

 

Similarly, outcome rates and vital sign/NEWS observations are broken down for each 

of the post-op cohorts in Table 6.5 and Table 6.6 respectively. 
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Table 6.5 Precedence outcomes/admissions: comparison between the 3 groups of surgical patients, split 
by number of hours post-op, compared with medical cohort 

Precedence Outcomes Surgery number of hours post-op Medical 

Observations / Admissions  0 to 24  24 to 48   >48 Cohort 

Death-24_0bservations (n) 154 120 692 25,859 

 Death-24_0bservations (%) 0.11 0.28 0.24 0.73 

Death-24_Admissions (n) 26 17 118 5,551 

 Death-24_Admissions (%) 0.15 0.16 1.37 3.93 

UnanticipatedICU24-Observations (n) 260 48 378 5232 

 UnanticipatedICU24-Observations (%) 0.18 0.11 0.13 0.15 

UnanticipatedICU24-Admissions (n) 28 10 32 750 

 UnanticipatedICU24-Admissions (%) 0.16 0.1 0.37 0.53 

Precedence Cardiac Arrest24-
Observations (n) 

75 3 126 4,456 

 Precedence Cardiac Arrest24-
Observations (%) 

0.05 0.01 0.04 0.13 

Precedence Cardiac Arrest24-
Admissions (n) 

11 2 24 949 

 Precedence Cardiac Arrest24-
admissions (%) 

0.06 0.02 0.28 0.67 

Any24-Observations (n) 489 171 1,196 35,547 

 Any24-Observations (%) 0.34 0.4 0.41 1.01 

Any24-Admissions (n) 65 29 174 7,250 

 Any24-admissions (%) 0.37 0.28 2.03 5.13 

 

Definitions of outcomes: 

DEATH 24: DEATH AS FIRST OUTCOME WITHIN 24 HOURS OF AN OBSERVATION SET 

UNANTICIPATED ICU ADMISSION: ICU ADMISSION AS FIRST OUTCOME WITHIN 24 HOURS OF AN OBSERVATION SET 

CARDIAC ARREST 24: CARDIAC ARREST AS FIRST EVENT WITHIN 24 HOURS OF AN OBSERVATION SET 

ANY24: COMBINED OUTCOME - ANY OF THE ABOVE AS FIRST EVENT WITHIN 24 HOURS OF AN OBSERVATION SET 
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Table 6.6 Average NEWS and vital signs observations for, 3 surgical groups split by number of hours post-
op, compared with medical cohort 

  Number of hours post-op Medical 

Measure 0 to 24 24 to 48 > 48  Cohort 

NEWS - mean 2.11 1.82 1.23 1.99 

NEWS - SD 1.74 1.75 1.57 2.13 

NEWS - median 2 2 1 1 

NEWS – Q2-Q3 1-3 0-3 0-2 0-3 

Pulse - mean 79.11 81.37 79.59 80.52 

Pulse - SD 14.45 14.57 13.76 16.32 

Respiration rate - median 16 16 16 17 

Respiration rate – Q2-Q3 14-17 15-18 15-18 16-18 

Temperature - mean 36.79 36.84 36.7 36.69 

Temperature - SD 0.51 0.47 0.43 0.49 

Systolic BP - mean 120.77 126.66 128.93 126.11 

Systolic BP - SD 20.21 21.61 21.77 22.23 

SATS (%) - median  97 96 97 96 

SATS (%)– Q2-Q3 95-98 95-98 96-98 95-98 

number on supp 02 (n) 
observations 

58,228 12,233 30,700 704,136 

Proportion on supp O2 (%) 41.00 28.67 10.64 20.00 

Cons level - Alert (n) 140,688 42,453 287,033 3,477,970 

Proportion obs Alert (%) 99.05 99.49 99.51 98.78 

Cons level - Voice (n) 782 164 1074 30497 

Proportion obs - Voice (%) 0.55 0.38 0.37 0.87 

Cons level - Pain (n) 69 28 197 6,997 

Proportion obs - Pain (%) 0.05 0.07 0.07 0.20 

Cons level - Unresp (n) 30 7 111 3,732 

Proportion obs - Unresp (%) 0.02 0.02 0.04 0.11 

Cons level - Sedated (n) 464 20 44 1,582 

Proportion obs - Sedated (%) 0.33 0.05 0.02 0.04 

Total observations (n) 142,033 42,672 288,459 3,520,778 

6.3.3 Results: NEWS distribution vs observed risk  

 

The figures below show the NEWS distribution by proportion of observations 

together with observed risk curves.  The surgical cohort was filtered into three 

groups according to the number of hours elapsed since surgery.  The comparative 

medical cohort remains constant and the NEWS distribution and observed risk curves 

are the same throughout. The combined outcome was taken as the first event of any 

of the following: Death within 24 hours of an observation set, Unanticipated ICU 

admission or Cardiac Arrest, within 24 hours of an observation set. 

The average values for NEWS, both mean and median, are shown in Table 6.6 .  The 

surgical cohort was split by time period post-surgery and is shown with the medical 

cohort values for comparison.  There was a reduction in mean NEWS value over time, 
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from 2.11 in the immediate post-operative period to 1.23 after two days or more. The 

latter compared favourably with the medical cohort mean NEWS of 1.99.  

The changes in the NEWS distribution and observed risk curves can be seen in Figure 

6.1 to Figure 6.9. 

 

 

Figure 6.1 Distribution of NEWS and observed risk curve – Combined outcome.  Surgical cohort 
observations restricted to 0 to 24 hours elapsed since surgery, compared with all medical cohort.  

The median NEWS was 2 for the period up to 24-hours post-op, and risk for the 

combined outcome was slightly lower for the surgical cohort than the medical cohort. 
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Figure 6.2 Distribution of NEWS and observed risk curve – Combined outcome.  Surgical cohort 
observations restricted to 24 to 48 hours elapsed since surgery, compared with all medical cohort. 

Even though there was a higher proportion of high NEWS observations in medical 

patients compared to the surgical patients > 48 hours after surgery, the risk of the 

combined outcome was consistently lower in the medical group. 

 

Figure 6.3Distribution of NEWS and observed risk curve - Combined outcome. Surgical cohort restricted 
to > 48 hours elapsed since surgery, compared with all medical cohort 

The distribution of NEWS observations in the figures below are identical to those 

shown in Figure 6.1 to Figure 6.3, but the outcome illustrated by observed risk curve 
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was changed to Death within 24 hours (Figure 6.4 to Figure 6.6) and Unanticipated 

ICU admission (Figure 6.7 to Figure 6.9). At the end of the first 24-hour period shown 

in Figure 6.4, post-op risk for the surgical cohort was lower than the medical cohort 

but the difference between the two diminished as time from surgery increased. 

 

 

Figure 6.4 Distribution of NEWS and observed risk curve - precedence death within 24 hours. Surgical 
cohort restricted to 0 - < 24 hours elapsed since surgery, compared with all medical cohort 
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Figure 6.5 Distribution of NEWS and observed risk curve - precedence death within 24 hours. Surgical 
cohort restricted to >24 to < 48 hours elapsed since surgery, compared with all medical cohort 

 

 

Figure 6.6 Distribution of NEWS and observed risk - precedence death within 24 hours. Surgical cohort 
restricted to > 48 hours eleapsed since surgery, compared with all medical cohort. 

Risk of unanticipated ICU admission in the first 24-hours post-op (Figure 6.7) was 

negligible up to NEWS 5. At higher NEWS values, post-op risk of ICU admission for the 

surgical cohort was consistently higher than the medical cohort for the same NEWS 

value.  
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Figure 6.7 Distribution of NEWS and observed risk curve - precedence unanticipated ICU admission. 
Surgical cohort restricted to 0 to 24 hours elapsed since surgery, compared with all medical cohort. 

 

 

 

Figure 6.8 Distribution of NEWS and observed risk curve - precedence unanticipated ICU admission. 
Surgical cohort restricted to 24 to 48 hours elapsed since surgery, compared with all medical cohort. 
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Figure 6.9 Distribution of NEWS and observed risk curve - precedence unanticipated ICU admission. 
Surgical cohort restricted to > 48 hours elapsed since surgery, compared with all medical cohort. 

6.3.4 Results: Efficiency curves 

Efficiency curves were generated for each of the subsets of post-op surgical data 

plotted against the medical cohort efficiency curve, for each of the outcomes under 

investigation.  A summary table (Table 6.7) was also compiled to highlight the 

coordinates of NEWS 4 and 5 for each time period for the surgical cohort together 

with the medical cohort coordinates for comparison. 
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Table 6.7 Efficiency curve points for NEWS 4 and 5, Medical Cohort and Surgical cohort split by time 
elapsed since surgery 

Precedence Outcomes NEWS 4 NEWS 5 

Medical Cohort 
% Total 

observations 

% 
Detectable 

events 
% Total 

observations 

% 
Detectable 

events 

Combined Outcome } 80.97 } 72.68 

Death 24 19.36 84.61 12.31 77.05 

Unanticipated ICU admission } 80.49 } 71.85 

         
Surgical cohort split by time elapsed since 
surgery        

0 to <24 hours         

Combined Outcome } 84.87 } 75.66 

Death 24 18.41 90.26 9.35 84.42 

Unanticipated ICU admission } 86.15 } 75.77 

         

>24 to <48 hours        

Combined Outcome } 83.63 } 74.85 

Death 24 14.87 82.50 7.62 76.67 

Unanticipated ICU admission  } 87.50 } 70.83 

         

> 48 hours        

Combined Outcome } 74.83 } 66.64 

Death 24 8.13 77.89 4.37 72.11 

Unanticipated ICU admission } 76.72 } 65.34 

 

6.3.4.1 Plots for the combined outcome 

The plots from Figure 6.10 to Figure 6.12 respectively show the efficiency curves for 

the surgical cohort across the three time periods, 0 to 24-hours (Figure 6.10), 24 to 

48- hours (Figure 6.11), and after 48 hours (Figure 6.12) elapsed post-surgery, with 

the medical cohort for comparison.  For each NEWS value (markers), the plots show 

the percentage of the total number of observations at, or above, that NEWS value 

against the percentage of the total number of NEWS observations for which the 

outcome – combined outcome – was true at, or above, that NEWS value. The markers 

represent potential trigger levels indicating an escalation of care might be required. 

The two efficiency curves were very similar for lower NEWS values but started to 

diverge from NEWS > 4. 

In the immediate post-operative period (<24h post-surgery) the marker for NEWS 5 

observed in the surgical cohort sat roughly in the same position as NEWS 5 for the 

medical cohort. However, after 48 hours, the points for the surgical cohort appeared 

to lag behind those of the medical cohort, so that on the curve for the medical cohort 
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NEWS 5 was closer to NEWS 4 on the curve for the surgical cohort. See Table 6.7 for 

detail. 

 

 

 

Figure 6.10 Efficiency curve for the combined outcome, surgical cohort restricted to 0  to < 24 hours 
elapsed since surgery, compared with all medical cohort 

 

 

Figure 6.11 Efficiency curve for the combined outcome, surgical cohort restricted to >24 to < 48 hours 
elapsed since surgery, compared with all medical cohort 
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Figure 6.12 Efficiency curve for the combined outcome, surgical cohort restricted to > 48 hours elapsed 
since surgery, compared with all medical cohort. 

6.3.4.2 Plots for the outcome Death within 24 hours as first event (precedence): 

Similar patterns were observed when death within 24h was considered as the 

outcome (Figure 6.13 to Figure 6.15). 

 

Figure 6.13 Efficiency curve for precedence death within 24 hours, surgical cohort restricted to 0 to < 24 
hours, compared with all medical cohort 
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Figure 6.14 Efficiency curve for precedence death within 24 hours, surgical cohort restricted to >24 to <48 
hours, compared with all medical cohort.  

 

Figure 6.15 Efficiency curve for precedence death within 24 hours, surgical cohort restricted to > 48 hours 
elapsed since surgery, compared with all medical cohort 

6.3.4.3 Plots for unanticipated ICU admission 

Figure 6.16, Figure 6.17, and Figure 6.18 show the outcome unanticipated ICU 

admission, for the surgical cohort across the three time periods with the medical 

cohort for comparison. None of the surgical cohort curves overlap the medical cohort 

curve for this outcome. In the first 24-hour period the trigger point of NEWS 5 would 

identify a greater proportion of patients at risk of unanticipated ICU admission but 

would require review of a lower proportion of the patients who scored NEWS 5. This 
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had changed by the end of the second 24-hour period when the difference between 

NEWS 5 in the surgical versus medical cohorts was negligible. However, after 48 

hours has elapsed, NEWS 5 for the surgical cohort would only detect 65.34% of 

potential unanticipated ICU admissions and would require review of 4.37% of those 

scoring NEWS 5. See Table 6.7 for detail. 

 

Figure 6.16 Efficiency curve for precedence unanticipated ICU admission, surgical cohort restricted to 0 - 
<24 hours elapsed since surgery, compared with all medical cohort 

 

 

Figure 6.17 Efficiency curve for precedence unanticipated ICU admission, surgical cohort restricted to >24 
to < 48 hours elapsed since surgery, compared with all medical cohort 
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Figure 6.18 Efficiency curve for precedence unanticipated ICU admission, surgical cohort restricted to > 
48 hours elapsed since surgery, compare with all medical cohort 

 

6.3.5 Results: AUROCs 

Finally, we present the AUROCs for the various outcomes for each sub-set of the 

surgical cohort. These range from 0.905 to 0.933, compared with the medical cohort 

which ranges from 0.873 to 0.904.  During the first 24-hours AUROCs are all > 0.905 

(comparable AUROC for medical cohort: >0.885) for each outcome.  

For most surgical patients, the second 24-hour period is a transition following 

surgical procedure, as anaesthetic wears off and the patient is recuperating from the 

operation. There are fewer observation sets than for the initial post-operative period; 

this is in accordance with hospital protocol. 

AUROCs increase slightly in the second 24-hour period, for the combined precedence 

outcome and unanticipated ICU admission, to 0.917 and 0.933 respectively, but dip 

slightly for the death within 24 hours outcome to 0.913.  

 

Table 6.8 Area Under the Receiver Operating Characteristic (AUROC) curves for Surgical cohort split by 
time elapsed since surgery and medical cohort for comparison 

  Surgical Cohort - hours elapsed since theatre Medical 

Precedence Outcome 0 to 24  24 to 48 > 48  Cohort 

Combined outcome 0.905 0.917 0.914 0.885 

Death 24 0.927 0.913 0.926 0.904 

Unanticipated ICU Adm 0.912 0.933 0.921 0.873 

 



 
 
 

86 
 

6.3.6 Discussion:  Length of Stay 

The increased observation frequency observed in the period immediately following 

surgery was found to be in line with recommended observation protocols in the  

Oxford Handbook of Surgical Nursing84 and current recommendations from RCP 

London6,75 and NICE guidelines.29 

The majority of surgical patients had relatively short post-op stays in hospital: just 

under 60% were discharged within four days, of whom 10% were in their early 20s.  

As expected, longer lengths of stay were predominately by older patients, particularly 

those over 65 years. 

6.3.7 Discussion:  NEWS distribution  

The results presented here (Figure 6.1 to Figure 6.9), show that the risk of adverse 

outcome in a post-operative patient is comparable to a medical patient in the 

immediate period after their surgery, but this effect wears off by the time two days 

have elapsed.  At this point the patient was either well on the way to recovery, or was 

much sicker overall than a medical patient with similar vital signs’ observation 

values.  This was illustrated by the proportion of observations that achieved a high 

NEWS (NEWS > 5): this was far lower for surgical patients than for medical patients 

but the observed risk was either similar or higher. This is a new finding that provides 

context to previously published work (Kovacs et al, 2016) 83. 

6.3.8 Discussion:  Efficiency curves 

Table 6.7 shows the efficiency curve coordinates for NEWS 4 and 5, Medical Cohort 

and Surgical cohort split by time elapsed since surgery. This highlights the differences 

between NEWS 4 and NEWS 5; that is to say the percentage of total observations at 

that level of NEWS where review of the patient would need to be done in order to 

detect the percentage of adverse events at that level of NEWS.  The current, at time of 

data collection, RCP guidelines gave NEWS 5 as the suggested trigger value to prompt 

clinical review of the patient. The results of this analysis indicate that in the first 24-

hour period following surgery, using a trigger of NEWS 5 is a good discriminator of all 

three of the outcomes studied, exceeding the performance within the medical cohort. 

This result might have been expected given that NEWS was designed to detect patient 

deterioration in the short term. The efficiency for the second 24-hour period declined 

compared to the first 24-hour period but is still good when compared with the 

medical cohort. The final time-period, covering all observations made after 48-hour 

post-surgery to discharge, showed a further reduction in efficiency, particularly for 

the combined outcome and unanticipated ICU admission. This might have been due to 

the greater number of observations included in this cohort in conjunction with low 

levels of adverse outcomes as patients slowly recover.  

These findings suggest that a clinical review of trigger levels for post-operative 

observations might be appropriate in order to detect all adverse events.  Any 

mitigation of risk has to be balanced against maintaining ease of use.  A change in 
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trigger levels for different patient groups would inevitably make NEWS more 

complex, which would bring corresponding potential for staff confusion and 

likelihood of human error.   

6.3.9 Discussion: AUROCs 

NEWS performed consistently well across all the post-operative surgical sub-groups 

with AUROC greater than 0.9 for all outcomes. Part of this might be attributable to 

low numbers of adverse outcomes relative to the number of observation sets, but 

also, NEWS has been shown to be an excellent discriminator of the deteriorating 

patient which is reflected in these findings.  

6.4 Answers to Research Questions 

6.4.1 Primary 

Question 1 was: 

NEWS has been shown to be an effective tool in the identification of the 

deteriorating medical patient (Prytherch, 2010, Smith 2013) 9,10, is NEWS an 

appropriate tool to use in the care of surgical patients? 

The answer is yes, NEWS is an appropriate tool for use in the care of surgical 
patients to detect deterioration and guide escalation of care. 

6.4.2 Secondary 

Question 2 was: 

Are the trigger levels for care escalation as advised by the Royal College of 
Physicians London (2012, 2017) the same for surgical and medical patients? 

This research indicated that NEWS 5 was a good trigger level for surgical patients 

less than 24-hours post-theatre. The answer was less clear-cut the further in time 

after an operation, such that for patients 48 hours or more post theatre, use of 

NEWS 4 as a trigger level might increase the proportion of deteriorating patients 

identified, but this is a clinical decision and one for the Royal Colleges to consider. 

 

What is the difference in NEWS performance between surgical patients who go to 

theatre and those who do not? 

Surgical patients who did not go to OT on that admission, resembled surgical 

patients who did go to OT more than the medical cohort.  The surgical patient 

groups were both younger than the medical group and a lower proportion of 
surgical patients required supplemental O2.  

The efficiency curves demonstrated NEWS to be an effective tool to identify the 

deteriorating patient. The curves for the surgical cohort were consistently as good 

as, i.e., on top of the medical cohort curve, or better than the medical cohort, that 

is the surgical cohort curves lay below that of the medical cohort.  



 
 
 

88 
 

How does NEWS performance change over time in the immediate post-operative 

period? 

Over the three time periods studied, the proportion of surgical post-op 

observations scoring NEWS > 5 decreased to 4.37% compared with 12.31% for 

the Medical Cohort, an indication that the surgical patients’ conditions were 
improving as a consequence of their surgery (Table 9).  

Table 9 Proportion of observation sets scoring NEWS <5 and NEWS >= 5, surgical cohort split by number 
of hours elapsed since surgery, compared with medical cohort 

  Surgical Cohort Medical cohort 

Hours Post-Op: 0 to <= 24 >24 to <= 48 > 48 - 

% NEWS < 5 90.65 92.38 95.64 87.68 

% NEWS >= 5 9.34 7.61 4.37 12.31 

 

In the second 24-hour period post-op there were fewer adverse outcomes compared 

with the first 24-hours: roughly 0.4% of observation sets were followed by an 

adverse outcome. Mean NEWS had reduced to 1.82 (SD: 1.75) where previously mean 

NEWS was 2.11. From 48-hours elapsed post-surgery, mean NEWS had further 

reduced to 1.23 (SD: 1.57) and 95.64% of observations had NEWS < 5, compared with 

90.65% during the first 24 hours post op and 92.38% during the second 24-hour 

period post-op and 87.68% of observations from the medical cohort. The AUROC for 

the precedence combined outcome was slightly down at 0.914 but this might have 

been a reflection of the increased time period and hence increased number of 

observations and outcomes. If patient review had been triggered at NEWS 5 then 

66.64% of the combined outcome might have been detected, which would have 

required review of 4.37% of all observations.  However, if patient review had been 

triggered at NEWS 4, 74.83% of the combined outcome would have been detected 

and required review of 8.13% of observations. 
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7 Conclusion and further research 

7.1 Summary 

This thesis describes the research journey leading to the validation of NEWS for use 

in the care of surgical patients, an important part in the roll-out of NEWS across all 

hospital patients. 

NEWS was found to be an appropriate tool to use in the care of surgical patients. This 

result was published in British Journal of Surgery in 201683. This work featured in 

Chapter 4, and the result suggested that surgical patients might need to trigger 

review at a lower level than medical patients, but at this point the data did not include 

information concerning theatre visits. Thus, it was not possible to identify which 

observations were taken pre- or post-operatively, or indeed which patients actually 

went to operating theatre on that admission. An insight gained from the first study 

was how low adverse outcomes were amongst the elective patient groups (Table 4.4), 

both medical and surgical, so analysis was restricted to emergency or non-elective 

admissions only. This study also demonstrated the relatively low rates of cardiac 

arrest amongst the emergency patient observations that were used for analysis.   

The main study, detailed in Chapter 5, benefitted from the addition of data from 

TheatreMan™ which enabled designation of patients as having had no operating 

theatre visit, one operating theatre visit, or more than one operating theatre visit 

(2.2% of all surgical patients, subsequently omitted from analysis).  The results 

supported the findings of the previous study (Table 5.8). 

As suggested by the analysis in Chapter 4, trigger levels might need to be adjusted to 

ensure the most effective detection of deteriorating surgical patients and efficient 

escalation of care. Further research suggested that a trigger level of NEWS 4 for 

surgical patients would cause no more work for ward staff than NEWS 5 for medical 

patients, whilst simultaneously identifying the same proportion of adverse events.  

This may be of particular importance in the current climate where there are unfilled 

nursing vacanciesk, and the COVID-19 pandemic has meant that staff have been 

working at winter pressure levels for much of the time since March 2020. 

The primary goal of an early warning score is the identification of the deteriorating 

patient.  The level of the NEWS indicates a level of patient deterioration, in simple 

terms the higher the NEWS the sicker the patient.  NEWS has a protocol of 

recommended graded responses, based on the total NEWS value, ranging from 

                                                        
k REAL Centre Workforce pressure points: Building the NHS nursing workforce in England.  Report, 
The Health Foundation, December 2020. 
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increased frequency of observations where NEWS is between 1 and 4, through 

notifying the medical team caring for the patient and urgent assessment of the patient 

by an acute care specialist when a score of 5 is reached, a NEWS of 7 is considered to 

be the emergency response threshold where consideration of transfer to level 2 or 3 

care should be considered.  This enables the targeting of healthcare specifically where 

most effective, assisting the staff giving that care. The earlier detection of 

deterioration in surgical patients prompting escalation of care, such as starting 

antibiotics in the case of suspected sepsis, would result in improved patient outcome. 

However, any amendment to the recommended NEWS protocol would need careful 

consideration.  As already highlighted (page 15, section 2.4.3) an important aspect of 

NEWS is the consistency of approach to detection of patient deterioration and 

recommended protocol to follow regarding frequency of observations and patient 

review by appropriate clinician, across hospitals in England and Wales. 

The data used for these studies was gathered at the bedside, during the course of 

regular patient care at PHU.   Previous research has shown that results from PHU are 

generalizable to other hospitals85, these analyses and results focussing specifically on 

surgical patients, should be validated against data from a different NHS Trust before 

any further action regarding suggested trigger level changes can be brought to the 

attention to the Royal College of Physicians. 

7.2 Contribution to knowledge 

This research represents the validation of the use of NEWS in the care of surgical 

patients. This was important since NEWS had been developed and extensively 

validated amongst medical patients.  This work also provides greater insight into care 

of surgical patients particularly where it explored the care of pre- and post-operative 

patients.  

There is strong evidence for the use of NEWS after emergency surgery and also the 

suggestion that a trigger level of NEWS 4, rather than NEWS 5, might be appropriate 

for this patient group.  However, in the pre-operative period the position is less clear-

cut because it is the surgical intervention that will have the biggest impact on the 

patient’s recovery.  

7.3 Further Research   

The research presented here has identified the following knowledge gaps that require 

further research: 

• This work used data from only one hospital.  It would be expedient for the 

findings to be validated using data from a different hospital. 

• A relatively simple model of the patient journey was explored. Further insights 

could be derived if particular care pathways were investigated in greater 
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depth. For example, how many patients go to theatre, return to the ward, and 

then deteriorate to such an extent that they require transfer to ICU? 

• Further investigation of whether type of anaesthesia employed, such as 

general anaesthetic compared with epidural, regional or spinal block, has an 

effect on post-operative NEWS levels and patient outcome.  Comparison 

between operations of similar complexity could be made using length of 

procedure as a surrogate for complexity of procedure in combination with 

OPCS4 codesl. 

• Patient admission specialty codes were used to split admissions between 

surgical and medical patients but could be explored in greater depth. How do 

the demographics of each group compare? If the analysis is repeated for the 

individual admission specialty codes would the change in trigger level be 

indicated for all surgical patients or just one or two specific specialty codes? 

• Investigate whether patients originally admitted as emergency to surgical 

specialties but discharged after a period of care on the ward, were 

subsequently readmitted for surgery as “elective” admissions (described as 

either “booked” or “planned”) and, if so, how do the patient outcomes compare 

with those of patients who went to theatre on the emergency admission.  

• Further insight into the relationship between NEWS level and patient outcome 

would be possible with additional information on treatment given to the 

patient, such as administration of medication, both specific drug treatments as 

well as analgesics and antibiotics.  This would require integration of electronic 

pharmacy data for further analysis. 

7.4 Final remarks 

On a personal note, this research has been a journey of discovery and a privilege to be 

play a small part in improving patient outcome in that it demonstrated that NEWS is 

appropriate for use in the care of surgical patients and as such NEWS is a useful tool 
to support work of nurses and HCAs on the wards. 

It was reassuring to find that elective surgery at QAH has very low levels of adverse 

clinical events. Patients can be confident of their treatment and care whilst clinical 

staff should be proud of what they do for their patients. 

There is a tension between maintaining consistency of monitoring and response 

across hospitals that using a single score system, NEWS, brings and the potential to 

improve outcome for emergency surgery patients by lowering the trigger level.    

However, this is a decision for the Royal Colleges and not the author. 

 

                                                        
l Office of Population Censuses and Surveys Classification of Surgical Operations and Procedures (4th 
revision) 
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8 Appendix 

8.1 UPR16 form  
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8.2 List of EWSs and required vital signs to calculate the score 

Year EWS Pulse Resp Temp 
BP_ 
Sys 

BP_ 
Dia 

On_ 
O2 

SATS 
1 

SATS 
2 

Cons 
Level 

Age 
Adm 

Sex Urine 

1997 Morgan 1 1 1 1 0 0 0 0 1 0 0 0 

2000 Wright 1 1 1 1 0 0 0 0 1 0 0 0 

2001 Cooper 1 1 1 1 0 0 0 0 1 0 0 1 

2001 Fox 1 1 1 1 0 0 0 0 1 0 0 1 

2001 Riley 1 1 1 1 0 0 0 0 1 0 0 0 

2001 Subbe_MEWS 
_noage 

1 1 1 1 0 0 0 0 1 0 0 0 

2001 Subbe-Mews 1 1 1 1 0 0 0 0 1 1 0 0 

2002 ASSIST 1 1 0 1 0 0 0 0 1 1 0 0 

2002 ASSISTv2 (?) 1 1 0 1 0 0 1 0 1 1 0 0 

2002 Carberry 1 1 1 1 0 0 0 0 1 0 0 1 

2002 Odell 1 1 0 1 0 0 0 0 1 0 0 1 

2002 Wasson 1 1 1 1 0 0 0 0 1 0 0 0 

2003 Rees 1 1 0 1 0 0 0 0 1 0 0 1 

2004 Allen 1 1 1 1 0 0 0 0 1 0 0 1 

2004 Priestly 1 1 0 1 0 0 0 0 1 0 0 1 

2004 Rees2 1 1 1 1 0 0 0 0 1 0 0 1 

2004 Ryan 1 1 1 1 0 0 0 0 1 0 0 1 

2005 Andrews 1 1 1 1 0 0 0 0 1 0 0 0 

2005 Bakir 1 1 1 1 0 0 1 0 1 1 0 0 

2005 Chatterjee 1 1 0 1 0 0 1 0 1 0 0 0 

2005 Goldhill 1 1 1 1 0 0 1 0 1 0 0 0 

2005 Heaps 1 1 1 1 0 0 0 0 1 0 0 1 

2006 Gardner-
Thorpe 

1 1 1 1 0 0 0 0 1 0 0 1 

2006 Hancock 1 1 1 1 0 0 0 0 1 0 0 0 

2006 Lam 1 1 1 1 0 0 0 0 1 0 0 0 

2006 Ports (? 
Smith, 
Prytherch) 

1 1 1 1 0 0 0 0 1 0 0 1 

2006 SEWS 
(Paterson) 

1 1 1 1 0 0 1 0 1 0 0 0 

2006 Smith_Oakey 1 1 1 1 0 0 0 0 1 0 0 1 

2007 Barlow 1 1 1 1 0 0 1 0 1 0 0 1 

2007 Odell_Rews 1 1 0 1 0 0 0 0 1 0 0 1 

2007 Von Lilienfeld-
Toal 1 

1 1 1 1 0 0 1 0 1 0 0 0 

2007 Von Lilienfeld-
Toal 2 

1 1 1 1 0 0 0 0 1 0 0 1 

2007 Worthing 
(Duckitt) 

1 1 1 1 0 0 1 0 1 0 0 0 

2010 ViEWS 1 1 1 1 0 1 1 0 1 0 0 0 
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Year EWS Pulse Resp Temp 
BP_ 
Sys 

BP_ 
Dia 

On_ 
O2 

SATS 
1 

SATS 
2 

Cons 
Level 

Age_ 
Adm 

Sex Urine 

2011 Tarassenko 
(Centile 
EWS) 

1 1 0 1 0 0 1 0 0 0 0 0 

2012 NEWS 1 1 1 1 0 1 1 0 1 0 0 0 
2013 CART 

(Churpek, 
Edelson) 

1 1 0 0 1 0 0 0 0 1 0 0 

2014 AbEWS 
(Kellett) 

1 1 1 1 0 1 0 0 0 0 0 0 

2017 NEWS2 1 1 1 1 0 1 1 1 1 0 0 0 
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8.3 Panel plots for Vital Signs contribution to NEWS 

 

- Emergency medicine admissions no OT visits 

- Emergency surgery admissions no OT visit 

- Emergency surgery admissions 1 OT visit – pre-operative observations 

- Emergency surgery admissions 1 OT visit – post-operative observations 



 
 
 

109 
 

 

 

  



 
 
 

110 
 

 

  



 
 
 

111 
 

 

  



 
 
 

112 
 

 

 



 
 
 

113 
 

8.4 Post-operative length of stay and age distribution for Colorectal, 

General, Trauma & Orthopaedic, and Upper GI surgery 

Supplementary information relating to length of stay investigation, showing age 

distribution and post-op LoS of patients by admission specialty:  Colorectal surgery, 

General surgery, Trauma & Orthopaedic surgery, and Upper GI surgery. 

8.4.1 Admissions to Colorectal Surgery – distribution by post-operative LoS and Age 

Group 

Proportion (%) Admissions to Colorectal Surgery by Post-Operative LoS & Age Group 

  

0-4 days 4-7 days 
7-10 
days 

10-20 
days 

>20 
days 

Proportion 
adms by 

Age Group  

      

Age_group (%) (%) (%) (%) (%) (%)       

16-19 6.53 1.40 1.24 0.50 0.00 5.23       

20-24 12.16 6.46 3.11 1.50 0.00 10.22       

25-29 10.61 3.37 1.86 0.00 0.00 8.56       

30-34 10.30 4.49 1.86 1.50 4.62 8.62       

35-39 8.63 6.18 4.97 3.50 1.54 7.74       

40-44 7.45 5.90 4.35 7.00 1.54 6.99       

45-49 8.99 5.06 6.21 3.00 1.54 7.92       

50-54 7.84 11.24 5.59 5.00 6.15 7.89       

55-59 4.71 8.71 14.29 6.50 7.69 5.78       

60-64 5.66 4.49 12.42 12.00 6.15 6.26       

65-69 4.48 11.24 4.35 13.00 6.15 5.75       

70-74 3.80 9.27 12.42 11.50 9.23 5.38       

75-79 3.56 7.58 9.94 11.00 12.31 4.93       

80-84 2.53 8.15 11.18 14.00 24.62 4.69       

85-89 2.14 4.78 4.35 6.50 15.38 3.05       

90-94 0.51 1.40 1.86 3.00 3.08 0.88       

95-99 0.04 0.28 0.00 0.00 0.00 0.06       

100-100 0.04 0.00 0.00 0.50 0.00 0.06       

% of 
Colorectal 

Adms 

76.35 10.77 4.87 6.05 1.97 100.00       
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8.4.2  Admissions to General Surgery – distribution by post-operative LoS and Age 

Group 

Admissions to General Surgery by Post-Operative LoS & Age Group  

Length of 
stay 

0-4 
days 

4-7 
days 

7-10 
days 

10-20 
days 

>20 
days 

Proportion 
by Age 
Group 

     

Age_Group (%) (%) (%) (%) (%) (%)      

16-19 6.03 1.34 0.50 0.00 0.00 4.70      

20-24 12.88 2.69 1.99 1.45 0.00 10.16      

25-29 9.47 5.91 2.49 2.42 0.00 8.02      

30-34 8.22 1.88 2.99 2.42 0.91 6.71      

35-39 6.92 5.11 3.48 2.90 0.91 6.12      

40-44 8.77 5.91 3.48 5.80 1.82 7.80      

45-49 9.51 7.80 6.47 4.35 3.64 8.69      

50-54 8.18 10.48 8.96 7.73 1.82 8.24      

55-59 7.29 8.33 7.46 11.11 5.45 7.57      

60-64 4.81 10.22 9.45 4.83 7.27 5.71      

65-69 4.85 10.48 12.44 10.63 11.82 6.40      

70-74 3.70 8.06 11.44 12.08 14.55 5.40      

75-79 3.48 8.06 11.44 10.63 16.36 5.21      

80-84 3.29 7.26 10.45 9.18 19.09 4.93      

85-89 1.78 4.03 3.98 10.14 12.73 2.95      

90-94 0.74 1.88 2.99 3.86 2.73 1.22      

95-99 0.07 0.54 0.00 0.00 0.91 0.14      

100-100 0.00 0.00 0.00 0.48 0.00 0.03      

% of total 
General 
Surgery 

adms 

75.22 10.36 5.60 5.76 3.06 100.00      
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8.4.3 Admissions to Trauma & Orthopaedic Surgery – distribution by post-operative 

LoS and Age Group 

Proportion (%) Trauma & Orthopaedic Specialty Admissions by LoS and Age Range 

Length of 
Stay 

0 to 4 
days 

4 to 7 
days 

7 to 10 
days 

10 to 20 
days 

>20 
days 

Proportion 
by Age 
Group 

      

age_range (%) (%) (%) (%) (%) (%)       

16-19 5.09 1.22 0.24 0.06 0.00 2.18       

20-24 8.08 1.10 0.83 0.18 0.33 3.49       

25-29 7.57 1.22 0.83 0.24 0.00 3.26       

30-34 5.90 1.47 0.36 0.36 0.16 2.63       

35-39 6.24 1.59 0.83 0.24 0.41 2.85       

40-44 7.47 2.08 1.67 0.54 0.58 3.57       

45-49 7.77 3.18 1.43 1.20 0.41 3.90       

50-54 7.43 4.16 2.38 1.68 1.24 4.22       

55-59 7.57 5.50 3.34 2.04 1.57 4.66       

60-64 7.84 8.56 4.65 3.30 2.80 5.73       

65-69 7.63 11.12 7.03 5.53 3.05 6.74       

70-74 6.68 10.88 10.73 7.75 6.35 7.78       

75-79 6.07 11.25 15.38 13.39 11.62 10.21       

80-84 4.24 16.63 21.81 20.66 22.26 14.14       

85-89 2.54 11.74 15.02 22.16 23.83 12.76       

90-94 1.73 5.87 9.77 15.38 20.20 9.12       

95-99 0.14 2.32 2.98 5.11 5.03 2.59       

100-104 0.00 0.12 0.72 0.18 0.16 0.16       

% Trauma 
& Ortho 

Adms 

39.39 10.93 11.21 22.25 16.21 100.00       
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8.4.4 Admissions to Upper GI Surgery – distribution by post-operative LoS and Age 

Group 

Proportion (%) Admissions to Upper GI Surgery by Post-Operative LoS & Age Group 

Length of 
Stay 

0-4 days 4-7 days 
7-10 
days 

10-20 
days 

>20 
days 

Proportion 
adms by 

Age Group  

      

age group (%) (%) (%) (%) (%) (%)       

16-19 5.65 2.48 0.00 0.00 0.00 4.66       

20-24 11.16 4.46 1.03 0.00 0.00 9.21       

25-29 9.34 4.46 4.12 2.15 0.00 8.05       

30-34 9.80 4.46 4.12 1.08 2.33 8.40       

35-39 7.33 7.43 4.12 4.30 2.33 6.93       

40-44 7.53 6.93 4.12 6.45 4.65 7.19       

45-49 10.06 7.92 4.12 4.30 0.00 9.06       

50-54 9.60 5.45 10.31 5.38 2.33 8.86       

55-59 5.78 6.44 12.37 9.68 2.33 6.28       

60-64 5.13 10.40 13.40 8.60 6.98 6.28       

65-69 5.65 12.38 6.19 6.45 9.30 6.48       

70-74 4.09 5.94 8.25 9.68 13.95 4.96       

75-79 3.18 8.42 11.34 15.05 9.30 4.81       

80-84 3.24 7.92 7.22 12.90 16.28 4.66       

85-89 1.69 2.97 8.25 10.75 25.58 3.09       

90-94 0.71 1.49 1.03 2.15 2.33 0.91       

95-99 0.06 0.00 0.00 1.08 0.00 0.10       

100-100 0.00 0.50 0.00 0.00 2.33 0.10       

% Upper 
GI Adms  

77.99 10.22 4.91 4.71 2.18 100.00       

 


