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Summary 400-500 words
[bookmark: _Hlk3996742]The objective of this literature review of quantitative research is to explore the impact of timely administration of antibiotics for septic patients, and the potential effects the administration of antibiotics in a pre-hospital environment might have on sepsis mortality rates.
For an effective critical analysis of the findings to take place, an advanced and systematic search was conducted across three databases namely Cinahl, Medline and PubMed. Of the results obtained, some were found to be indirectly relevant or based solely on secondary research; in relation to the latter, a hand search was conducted to locate several citations found in the papers to locate the relevant primary research. 
Relevant studies identified were analysed against an appropriate Critical Appraisal Tool (CASP) to assess and evaluate the research design, validity, and reliability and, subsequently, the statistical strength of evidence presented to ascertain the ultimate value of the findings to clinical practice. 
This literature review discovered that in most of the research considered, early administration of antibiotics in patients suspected of sepsis has a positive effect on mortality rates, although mortality rates in cases of severe sepsis were impacted upon less favourably.
Additionally, consideration as to the implications of the review findings for emergency and prehospital care of sepsis patients has been explored. There was found to be limited research conducted on the administration of antibiotics in a pre-hospital environment, although some Trusts do condone the prescribing of antibiotics by paramedics as of April 2018 (College of Paramedics, 2018), in addition to other advanced medical staff. However, limited research and analysis into the relationship between pre-hospital administration of antibiotics and mortality rates in sepsis patients was identified in the literature review undertaken, which would suggest that further research in this area of clinical practice is needed. 
292 words/400-500 words so EXPAND to include more on main findings and conclusion that answers the review question

Introduction 700-800 words
What is the problem?
What is known about the problem?
What is not known about the problem?
What is your clinical experience of the problem?
How will your review address what is not known?
Leading review question – 

Introduction 
Blackburn and Daniels (2015) state that sepsis is a common illness which in Europe, is estimated to arise in 90.4 cases per 1000,000 annually. Arwyn-Jones and Brent (2019), claim that according to hospital episode statistics between the years 2010 to 2017, incidents of sepsis increased considerably in the United Kingdom. According to Szakmany et al (2016), every year sepsis is estimated to cause 44,000 deaths in the United Kingdom alone, resulting in a cost of £2.5 billion to the National Health Service (NHS). In their study they found that in 26% of cases, sepsis was the leading cause of patient deterioration, with a 22% mortality rate. Mayr et al (2014) affirm that the increase of cases of sepsis is found to be attributed to the frequency of chronic conditions within the elderly population. However, Sepsis does not discriminate and can affect patients of any age including neonates (Gupte, 2016)
Within this paper, sepsis mortality rates in association to the time of initiation of antibiotic administration will be explored to examine whether early administration has any impact on the patient outcome.  
Numerous studies have been conducted into whether the timing of initial administration of antibiotics impacts the mortality rates in patients with sepsis. However, although the administration of antibiotics post-arrival in emergency departments (EDs) has been widely studied, there are a lack of studies which assess the potential benefit of initiating antibiotics in the pre-hospital environment for those patients who have contacted the emergency services and are found to display the signs and symptoms of sepsis.  
The general consensus of the studies reviewed in this paper is that earlier administration of antibiotics in patients with sepsis affords a better outcome, with supporting guidelines suggesting that for optimum outcomes antibiotics should be administered within one to three hours.
[bookmark: _Hlk4432131]On average, a patient assessment and treatment by an emergency medical crew takes 88 minutes for ‘Red 1’ and ‘Red 2’ calls (Office for National Statistics, 2017, p. 37). For ‘Green’ calls the average time is 104 minutes. This increase in time spent with patients by emergency crews between 2012 and 2016 has been attributed to a number of factors including the need to treat more patients on-scene, the use of emergency resources generally, the access patients have or may not have to alternative care, and possible delays in registering patients within hospitals following transportation. These findings suggest that it would appear to be in the patient’s best interest, and in adherence to suggested guidelines, that antibiotics be administered to those patients with suspected sepsis on scene or on route to the emergency department to ensure that advisory treatment be given within effective time frames. Although some Trusts permit ambulances to carry antibiotics, the majority in the UK do not.
The word “Sepsis” originates from the Greek word for “rot” which was used to define the “decay of organic matter” (Ward and Levy, 2017, p. 3). The term was initially employed by the physician Hippocrates and has since become a world-wide medical term. The interpretation of the definition has changed multiple times over the years and has been the topic of many debates with academics, with Ortiz-Ruiz and Dueñas-Castell (2018) suggesting that this is attributed to the complex pathophysiology and symptomatology of the condition. However, Wiersinga and Seymour (2018) maintain that in recent years the evidence-based practice in relation to the pathophysiology of sepsis is improving.
The National Health Service (NHS, 2018) state that sepsis can be caused due to an infection present in any area of the body. The sites of infection that are found to be of the highest risk of development of sepsis are the lungs, for example in instances of pneumonia, the urinary tract in instances of a urinary tract infection, and the pelvis and abdomen. In relation to the latter, these are sites that are commonly operated upon and where sepsis can develop due to a post-operative infection.
Ward and Levy (2017, p.8) describe sepsis as a “Systematic Inflammatory Response Syndrome (SIRS)” that presents itself when an infection is present within the body. The SIRS criteria developed by the Surviving Sepsis Campaign (X) was initially created to recognise sepsis in emergency departments and intensive care units. Smyth, Brace-McDonnell and Perkins (2016) explain that although the SIRS criteria allows medical staff to identify the physiological signs demonstrating the evolution from infection to sepsis, the criteria is deficient in specifying the specific signs and symptoms of sepsis. 
In relation to medical emergencies, Guerra et al, (2013) found that 6.9% of jobs attended by emergency medical staff were for patients displaying signs and symptoms of infection, with a further 8-10% of patients found to have an infection by ambulance staff going on to be diagnosed with sepsis.
Wang et al (2007) report that over two thirds of sepsis cases are initially assessed in the emergency department, with approximately half of those patients arriving by ambulance transport (Roest et al, 2017). Groenewoudt et al (2014) speculate that patients arriving at the emergency department via ambulance transport have an increased likelihood of being more severely ill than those who have arrived by other means of transport. Gray et al., (2013) support this statement, finding through their research that up to 80% of patients who were admitted to the intensive care unit post emergency department assessment had arrived by ambulance transport. 
These findings suggest that a pertinent and valuable research question would be:
‘Should antibiotics be administered to patients displaying signs and symptoms of sepsis in a pre-hospital environment?’






Facet Analysis 1400-1500 words
Why is systematic searching important?
Booth, Papaioannou and Sutton, (2016) contend that in order to heighten the credibility of review findings and conclusions, a clear and concise demonstration of the thorough and in-depth analysis of evidence must be illustrated. They advise that it is paramount that any literature research be conducted systematically to enhance the credibility of the review. Systematic literature advanced search methods enhance the sensitivity of the search, thus maximising the probability of finding relevant and specific papers to include in the literature review. 
How did you develop the search terms (PICO)?
LoBiondo-Wood, Haber and Titler, (2019) assert that to successfully search the literature, a strong clinical research question must be formed. Four basic components structure and assist with the formation of the research question including Population, Intervention, Comparison and Outcome (PICO). The research topic that forms the basis of this literature search was related to PICO as follows: [1] Population – Patients with Sepsis in a pre-hospital environment; [2] Intervention – Administration of Antibiotics; [3] Comparison – No Administration of Antibiotics; [4] Outcome – the outcome this has, positive, negative or negligible, on the septic patient
For the purposes of this literature search, the “Outcome” section was not included as the “Outcome” in PICO refers to the outcome reached after the research question has been answered. However, the subsequent conclusions presented at the end of this review will seek to propose potential implications for clinical practice suggested by the studies reviewed. 
This systematic approach led to the structure of the research question: ‘Should antibiotics be administered to patients displaying signs and symptoms of sepsis in a pre-hospital environment’
In order to structure a search on the chosen databases, search strings were created using an advanced search. Whilst creating a search string it is pertinent to consider all the various ways in which a term can be explained or spelt in order to receive the widest range of search results concerning the topic. For example, it is important to consider the various spellings of a word by different nationalities. 
Each of the three components being utilised in PICO were put onto their own strings along with the different variations of the words. 
How did you select the databases?
In order to locate articles, a search of the electronic Databases Cinahl, PubMed and Medline was conducted. The reason these databases were chosen is due to the fact that they are prestigious among health sciences for being reliable sources containing a wealth of clinical research. 


How did you search the databases?
Boolean operators
In order to broaden the literature search, the Boolean Operator that was selected in every search across all databases was “OR”. The reason for this choice as opposed to the Boolean Operator “AND”, for example, was because paramedic science is a relatively new degree and the topic of pre-hospital care and paramedic practice has not been as widely explored and presented as other medical topics. Therefore, by choosing the Boolean Operator “OR” the search results obtained were much more extensive.  
Truncation
Within the literature search “truncation” was used in order to expand the search on the word “Paramedic” specifically. Brown and Bell (2018, p.88) define truncation as to “cut it off”. They state that truncation is one of the most commonly used features when searching databases as it permits the researcher to find various forms of the word including suffixes and any plural forms. The truncation must be strategically placed at the correct part of the word that the researcher is wishing to truncate. Incorrect truncation placement can result in irrelevant or excessive results. Within the search, truncation was used on the word Paramedic, presenting it as Paramed* in order to include all terms beginning with “Paramed…” such as paramedic, paramedics, paramedicine, etc. 
Proximity Operators 
[bookmark: _Hlk4001090]Proximity operators were also used when researching to ensure that the search specifically retrieved papers where the desired words or phrases appeared within a selected proximity, for example, within one word of one another within the literature. Brown and Bell (2018) further explain that proximity operators can in this way assist in achieving more relevant results. Different databases employ different syntax applicable to a proximity operator. 
For the purpose of this review, only the syntax used for the proximity operators of the chosen databases will be mentioned.
Phrase searching was considered; however, it was found to narrow the search too much.
Limitations
	
	Databases

	
	Cinahl
	Pubmed
	Medline

	Proximity Operator Database Specific Syntax
	N1
	Near/1
	Near/1



Table 1.	Proximity operator database specific syntax


	S1

	Boolean Operators
	Cinahl Compatible Structure
	PubMed Compatible Structure
	Medline Compatible Structure

	
	Pre-hospital
	Pre-hospital
	Pre-hospital

	OR
	Out N1 of N1 hospital
	Out Near/1 of Near/1 hospital
	Out Near/1 of Near/1 hospital

	OR
	Ambulance
	Ambulance
	Ambulance

	OR
	Emergency N1 services
	Emergency Near/1 services
	Emergency Near/1 services

	OR
	Paramed*
	Paramed*
	Paramed*



Table 2.	Search string 1

	S2

	Boleean
Operators
	Cinahl Compatible Structure
	PubMed Compatible Structure
	Medline Compatible Structure

	
	Septic N1 patients
	Septic Near/1 patients
	Septic Near/1 patients

	OR
	Septic
	Septic
	Septic

	OR
	Sepsis
	Sepsis
	Sepsis

	OR
	Patients N1 with N1 Sepsis
	Patients Near/1 with Near/1 Sepsis
	Patients Near/1 with Near/1 Sepsis

	OR
	Septic N1 Shock
	Septic Near/1 Shock
	Septic Near/1 Shock

	OR
	Septicemia
	Septicemia
	Septicemia

	OR
	Septicaemia
	Septicaemia
	Septicaemia

	OR
	Red N1 Flag N1 Sepsis
	Red Near/1 Flag Near/1 Sepsis
	Red Near/1 Flag Near/1 Sepsis

	OR
	Management N1 of N1 Sepsis
	Management Near/1 of Near/1 Sepsis
	Management Near/1 of Near/1 Sepsis



Table 3.	Search String 2

	S3

	Boleean
Operators
	Cinahl Compatible Structure
	PubMed Compatible Structure
	Medline Compatible Structure

	
	Antibiotic*
	Antibiotic*
	Antibiotic*

	OR
	Administration N1 of N1 antibiotics
	Administration Near/1 of Near/1 antibiotics
	Administration Near/1 of Near/1 antibiotics

	OR
	Antibiotic N1 treatment
	Antibiotic Near/1 treatment
	Antibiotic Near/1 treatment

	OR
	Early N1 administration N1 of N1 antibiotics
	Early administration of antibiotics
	Early administration of antibiotics



Table 4.	Search string 3

After searching for the terms on separate strings S1-S3 as seen in Tables 2, 3 and 4, the search strings were then combined in an advanced search resulting in “S4” which collected all the terms used to create strings S1-S3 together to equate to the entirety of the research question. The results of S4 were fewer than the previous searches as expected due to collated words causing the search to be narrowed down to become more specific. 

	S4
	

	Boleean Operators
	S1

	AND
	S2

	AND
	S3



Table 5.	Search String 4 

Limitations 
In order to further narrow the search results, limitations were selected. Firstly, a limitation was added to the publication dates, to allow only research conducted between the years 2013 – 2019 to be included, to ensure that the research was current and therefore relevant. Another limitation added was a language limitation, to search only for research written in English. This ensured that not only were the papers likely to be more geographically relevant, but also that they were able to be comprehended and therefore analysed effectively. 
Some consideration was made as to whether to add a further limitation that limited the searches to only those that had “full text” available; however, limiting the searches to “full text” availability only can often narrow the search too greatly. Therefore, by choosing not the add this limitation, the researcher can hand select the research they believe is relevant and where “full text” is not readily available, they can either choose to purchase the text or attempt to locate the research elsewhere.
Justify inclusion and exclusion criteria
Finally, in order to select appropriate research, the results had to be manually searched and vetted, using inclusion and exclusion criteria to include only primary research where unbiased studies were conducted, and where the full text content was available to view. 






	
	Databases

	Search Strings 
	Cinahl
	PubMed
	Medline

	S1 search result hits
	85,367
	32271
	130,166

	S2 search result hits
	30,064
	200679
	161,707

	S3 search result hits
	67,578
	796231
	336,731

	S4 search result hits
	236
	55
	362

	Limitation on Publication Dates 2013 - 2019
	167
	35
	217

	Limitation on Language - English
	163
	33
	200

	Limitation on Full Text Available
	Narrowed search too much, chose to exclude
	Narrowed search too much, chose to exclude
	60

	Relevant Papers Chosen including Full Text
	5
	1
	3

	Papers hand searched using citations from articles
	1
	0
	0

	Total Papers from all three databases
	10 papers



Table 6.	Search outcomes following application of limitations 

Where else did you look? (relevant websites)
As well as the chosen papers, the National Institute for Health and Care Excellence (NICE) guidelines for ‘Sepsis: recognition, diagnosis and early management’ (2017) were also explored alongside relevant publications from the National Health Service (NHS).
How do these papers correlate to the hierarchy of evidence?
Pooler, (2014) contends that the Hierarchy of Evidence is a widely used guideline to decipher evidence of the greatest value and is useful when conducting a literature review as the quality of the literature needs to be considered if it is to be deemed reliable. There is some discrepancy over the relative positioning and ranking of the evidence within the hierarchy, with Koufogiannakis and Brettle, (2016) alleging that research methods allocated at the top of the hierarchy have a higher expectancy to be exempt of bias and in contrast, research methods lower down in the hierarchy are believed to be harder to control in relation to the possibility of bias, which subsequently, according to the scientific paradigm, affects credibility. However, all the methodologies included within the hierarchy hold their own particular value, particularly where a mixed methodology approach is adopted to provide a more holistic view of a given situation.
For the purposes of this review the widely accepted sequence, as seen in Table 7. below, has been correlated with the papers within this review.

	Rank
	Methodology
	Example/Description
	Review Study Number

	1
	Systematic reviews and meta-analysis
	Review bodies of data, usually from randomised controlled trials; they use specific methodologies and employ statistical methods in their analysis
	Study 1
Study 3
Study 4
Study 5
Study 6
Study 7


	2
	Randomised controlled trials
	Clinical trials, with clear methodology, randomised study participants and interventions, and use of control groups

	Study 2

	3
	Case-controlled trials
	Clinical trials without randomisation
	Study 8
Study 9
Study 10


	4
	Non-experimental designs, qualitative studies

	Non-numerical data elicited from qualitative studies

	x

	5
	Expert opinion
	Opinions from well-respected authorities, based on clinical evidence, descriptive studies or reports from committees, e.g. guidelines

	x

	6
	Views of colleagues or peers
	Views that come from personal experience, observation and reflection on clinical practice

	x



Table 7:	Review studies correlated with Hierarchy of Evidence (Pooler, 2014, p. 24)
As can be seen from Table 7. all the studies used in this review fall into the upper levels of the hierarchy suggesting that they have high methodological strength. It should be noted however, as depicted within the matrices of evidence, many of the studies reviewed were based on retrospective studies which are prone to information bias. This limitation, alongside other limitations identified in each study, must be borne in mind when reaching overall conclusions. 
Nevertheless, as this review will seek to offer suggestions to improve and enhance evidence-based practice in emergency service / pre-hospital care to patients displaying signs and symptoms of sepsis, severe sepsis and septic shock, it is paramount that the evidence presented is mainly robust and of a high quality. As Pooler (2014, p.24) asserts, “you would not change your practice based solely on evidence from level 6.”
How did you choose your Critical Appraisal Tool? 
After choosing ten papers from the three databases (see Table 8. Below), a quantitative Critical Appraisal Tool (CASP) created by LoBiondo - Wood and Haber (2006) was used to critically evaluate each study identified, relevant to the research question. As can be seen below, the CASP tool formed the foundation of ‘matrices of evidence’, each presenting a critical analysis and appraisal of the purpose of each study, the research methodologies used, ethical considerations and limitations, and the main findings and conclusions.

	Title of Study
	Authors
	Journal Reference
	Database Source
	Type of Research

	1.
	SEPSIS KILLS: early intervention saves lives

(2016)
	Burrell, A. R., McLaws, M-L., Fullick, M., Sullivan, R. B. and Sindhusake, D.

	Medical Journal of Australia, (2016), 204:2, February, pp. 1.e1 – 1.e7.
	Cinahl
	Evaluative Quality Improvement Program 

	2.
	Impact of an antibiotic-specific sepsis bundle on appropriate and timely antibiotic administration for sever sepsis in the Emergency Department

(2016)

	Kalick, B. A., Maguire, J. M., Campbell-Bright, S. L., Mehrotra, A., Caffey, T., Tulu, Z., Lin, F-C. and Carson, S. S.
	The Journal of Emergency Medicine, (2016), 50:1, pp. 79 – 88.
	Medline
	Before and after Interventional Study

	3.
	The Timing of Early Antibiotics and Hospital Mortality in Sepsis

(2017)
	Liu, V. X., Feilding-Singh, V., Greene, J. D., Baker, J. M., Iwashyna, T. J., Bhattacharya, J. and Escobar, G. J.

	American Journal of Respiratory and Critical Care Medicine, (2017), 196:7, October, pp. 856 – 863.

	Cinahl
	Retrospective Study 

	4.
	Longer time to antibiotics and higher mortality among sepsis patients with non-specific presentations – a cross sectional study of Emergency Department patients indicating that a screening tool may improve identification

(2016)

	Wallgren, U. M., Antonsson, V. E., Castren, M. K. and Kurland, L.
	Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine, (2016), 24:1, pp. 1 – 11.
	Medline
	Retrospective cross-sectional study 

	5.
	Time to antibiotics for septic shock: evaluating a proposed performance measure

(2013)

	Venkatesh, A. K., Avula, U., Bartimus, H., Reif, J., Schmidt, M. J. and Powell, E. S.
	American Journal of Emergency Medicine
	Cinahl
	Cross-sectional study

	6.
	The association between time to antibiotics and relevant clinical outcomes in emergency department patients with various stages of sepsis: a prospective multi-centre study

(2015)

	de Groot, B., Ansems, A., Gerling, D. h., Rijpsma, D., van Amstel, P., Kostense, P. J., Jonker, M. and de Jonge, E. 
	Critical Care
	Medline
	Prospective multi-centre study

	7.
	The early chain of care in bacteraemia patients: Early suspicion, treatment and survival in prehospital emergency care

(2018)

	Andersson, H., Axelsson, C., Larsson, A., Bremer, A., Gellerstedt, M., Bang, A., Herlitz, J. and Ljungstrom, L.
	American Journal of Emergency Medicine
	Cinahl
	Retrospective study

	8.
	Severe sepsis and septic shock in pre-hospital emergency medicine: survey results of medical directors of emergency medical services concerning antibiotics, blood cultures and algorithms

(2016)

	Casu, S. and Haske, D.
	International Emergency Medicine 
	Cinahl
	Survey

	9.
	A collaborative improvement project by an NHS Emergency Department and Scottish Ambulance Paramedics to improve the identification and delivery of sepsis 6

(2016)

	Carberry, M. and Harden, J.
	British Medical Journal 
Quality Improvement Programme
	Pubmed
	Mixed Methodology

	10.
	Triage sepsis alert and sepsis protocol lower times to fluids and antibiotics in the ED

(2016)

	Hayden, G. E., Tuuri, R. E., Scott, R., Losek, J. D., Blackshaw, A. M., Schoenling, A. J., Nietert, P. J. and Hall, G. A.
	American Journal of Emergency Medicine
	Cinahl
	Retrospective quasi-experimental study


[bookmark: _Toc534229613][bookmark: _Toc534812684][bookmark: _Toc534836762]
Table 8.	List of literature review studies
Matrices of Evidence
	Study 1
	Burrell, A. R., McLaws, M-L., Fullick, M., Sullivan, R. B. and Sindhusake, D. (2016). ‘SEPSIS KILLS: early intervention saves lives’, Medical Journal of Australia, 204:2, February, pp. 1.e1 – 1.e7.


	Objective/Research Question/Hypothesis 
	Implementation and monitoring of a quality improvement programme (SEPSIS KILLS) that promoted intervention within 60 minutes of recognition.


	Methodology
	Quantitative Evaluation of a Quality Improvement Program


	Population and Sample
	97 Emergency Departments (EDs) within New South Wales

13,567 patients 


	Ethical Considerations
	Ethics approval was obtained from the New South Wales Sepsis Register, under s98 of the Public Health Act 2011.


	Data Collection Methods
	EDs collected data on paediatric and adult patients with a provisional diagnosis of sepsis, including:

· Date of Birth
· Triage time and date
· Triage category
· Clinical observations including SBP and serum lactate levels
· Time and date of initial intravenous antibiotic treatment
· Time and date of second litre of intravenous fluid
· Presumptive source of sepsis
· Disposition of patients following ED treatment

Data collected both prospectively and retrospectively through chart review

Data entered on to online sepsis database by ED staff


	Data Analysis Strategy 
	Analysis of process measures (time to antibiotic, time to intravenous fluid) to assess associations between in-hospital mortality and sepsis severity and patient disposition

Assessment of the population-level impact of the programme by analysing health outcomes (in-hospital mortality, hours in intensive care, length of stay)

Descriptive and inferential analysis undertaken to calculate frequencies, odds ratios, 95% confidence intervals and X tests for trends.

Trends assessed in logistical regression and linear regression models, with statistical significance being defined as P<0.05.

Final analysis and findings restricted to adult patients due to low number of paediatric patients


	Key Findings/Results
	Provisional sources of sepsis included: lungs (40.5%); urinary tract (23.2%); abdomen (8.4%); skin or soft tissue (7.6%); musculoskeletal system (0.8%); central nervous system (0.7%); vascular devise (0.6%); other systems (7.6%). For 1% no source was identified.

The proportion of patients who received antibiotics within 60 minutes of triage or recognition increased from 29.3% in 2009-2011 to 52.2% in 2013.

The number of patients who were started on a second litre of intravenous fluid within one hour rose from 10.6% to 27.5%.

Findings showed that patients with severe sepsis were significantly more likely to die than patients with uncomplicated sepsis and that the risk of death for patients over 65 years was 3.3 times higher than for patients under 65 years.

Findings also showed that patients admitted to intensive care were more likely to survive than those admitted to wards – the authors suggest that this may be due to an underappreciation of the potential mortality of sepsis, the significance of elevated lactate levels, the failure to recognise cryptic shock and the time course of the septic process.


	Limitations 
	The internal validity of the research may be challenged in that [1] the voluntary nature of data collection and entry to the database resulted in inconsistent submission; and [2] the lack of strict diagnostic criteria for sepsis meant that patients with conditions from across the inflammatory condition-sepsis spectrum were included in the database.

The research lacks external validity as the improved outcomes may be the result of the programme but could also be attributed to other quality improvement initiatives.


	Conclusions and
Implications for practice
	The SEPSIS KILLS programme was found to effectively promote early recognition and treatment of sepsis during the first few hours in EDs. 

The authors informally estimate that around 30% of patients who required ambulance response had sepsis, warning that this may be an underestimate, with rates possibly being as high as 50 – 60%.

As most patients with sepsis were treated on wards rather than intensive care units (due to resource limitations), the article highlights the need for a shift in research and practice focus from intensive care to ward management.
 













	Study 2
	Kalick, B. A., Maguire, J. M., Campbell-Bright, S. L., Mehrotra, A., Caffey, T., Tulu, Z., Lin, F-C. and Carson, S. S. (2016) ‘Impact of an antibiotic-specific sepsis bundle on appropriate and timely antibiotic administration for sever sepsis in the Emergency Department’ The Journal of Emergency Medicine, (2016) 50:1, pp. 79 – 88.


	Objective/Research Question/Hypothesis 
	Would the use of an updated antibiotic-specific sepsis bundle, with antibiotics put in an automated medication cabinet, result in improvements in the initiation of appropriate initial antibiotic therapy for severe sepsis in the emergency department?


	Methodology
	Quantitative Before and after Interventional Study


	Population and Sample
	The study population were those patients who met criteria for sever sepsis, who were 18 years of age and over, who were seen in the ED, and who had not received initial antibiotics at an outside hospital environment. 

The After group consisted of patients with a visit to the ED between 15 December 2012 and 15 March 2013.

The Before group were identified using a random number generator and consisted of patients with a visit to the ED between 15 December 2011 and 15 March 2012.

There were 62 patients in each Random Control Sample group.


	Ethical Considerations
	The study was approved by the Institutional Review Board and the need for informed consent was waived due to the anonymous nature of the study.


	Data Collection Methods
	Clinical and demographic data were collected retrospectively, via chart review, using a synchronized data collection form and included: 
[1] age, sex, weight, antibiotic allergies;
[2] suspected source of infection, actual systemic inflammatory response syndrome criteria values used to establish a diagnosis of sepsis, date and time of sepsis diagnosis;
[3] systolic blood pressure, mean arterial pressure and serum lactate levels, date and time of one of the three previous values used to establish a diagnosis of severe sepsis;
[4] type of culture specimen collected, time of specimen collection;
[5] name, dose, route and timing of antibiotic initiation;
[6] disposition upon discharge from the ED; and
[7] follow up culture results.


	Data Analysis Strategy 
	Timeliness was assessed based on an appropriate initial antibiotic infusion beginning within one hour of severe sepsis diagnosis and all appropriate antibiotic infusions being initiated within three hours of the diagnosis.

Descriptive statistics were used to evaluate patient baseline characteristics.

Fisher’s exact test was used to analyse the two endpoints of initiation of appropriate and timely antibiotic therapy and the Mann-Whitney U Test to analyse the timing of initiation.


	Key Findings/Results
	The average age of patients was 63 years and the average length of stay in the ED was 6:54 hours.

The main suspected source of infection was found to be pneumonia (52%). 

Enhancement of the sepsis bundle to include specific antibiotic recommendations based on suspected infections source, making these antibiotics readily available in the automated medication cabinet, and providing education regarding the initiative led to an improvement in the initiation of appropriate initial antibiotic therapy by 21% for patients in the After group presenting with severe sepsis. 


	Limitations 
	The study has limited external validity as it was based within one ED and therefore findings cannot be generalised to other EDs. 

The small sample size prohibits the determination of any causal relationship between the enhanced sepsis bundle and clinical outcomes.

The primary focus of the study was on timely and appropriate antibiotic therapy and therefore the impact of other elements of the care given are unknown.


	Conclusions and
Implications for practice
	The study demonstrates that initiation of appropriate antibiotic therapy can improve significantly within three months, suggesting that implementation over a greater period would bring about further improvements.

However, the intervention had no significant impact on time to initiation of the first antibiotic, appropriate overall antibiotic selection, or initiation of all necessary antibiotics within three hours.




















	Study 3
	Liu, V. X., Feilding-Singh, V., Greene, J. D., Baker, J. M., Iwashyna, T. J., Bhattacharya, J. and Escobar, G. J. (2017) The Timing of Early Antibiotics and Hospital Mortality in Sepsis, American Journal of Respiratory and Critical Care Medicine, (2017), 196:7, October, pp. 856 – 863.


	Objective/Research Question/Hypothesis 
	To evaluate the association between antibiotic timing and mortality among patients with sepsis receiving antibiotics within six hours of emergency department registration.


	Methodology
	Quantitative Retrospective Study


	Population and Sample
	The study population consisted of 35,000 randomly selected inpatients with sepsis, aged 18 years and over, who were hospitalised through the ED at 21 hospitals in the Northern California integrated healthcare delivery system between 1 July 2010 and 31 December 2013.


	Ethical Considerations
	The study was approved by the Kaiser Permanente Northern California Institutional Review Board.


	Data Collection Methods
	Data were drawn from electronic databases being comprised of electronic medical record flowsheet, laboratory, diagnosis, and treatment data. 

To fully qualify sepsis-related organ dysfunction, patient laboratory data within the first six hours after ED registration were collated for evaluation. 


	Data Analysis Strategy 
	Patients were grouped into thee levels of sepsis severity: [1] septic shock (13.3%), [2] severe sepsis (52%), and [3] sepsis (34.7%)

The time from ED registration to the administration of the first intravenous or enteral antibiotic was analysed in hours. Multivariable regression analysis was used to group patients’ antibiotic administration times within 30-minute increments from zero to six hours after ED registration.

Statistical analysis of the data included:
[1] Comparison of characteristics between patients based on sepsis severity strata with analysis of variance;
[2] Logistical regression based on clinical variables to estimate the impact of antibiotic timing on risk-adjusted hospital mortality; and
[3] Assessment for collinearity between variables, with those with a correlation coefficient greater than or equal to 0.6 (predicted hospital mortality and vital sign counts) being removed.

This resulted in a fully adjusted model comprised of patient characteristics, severity of illness, treatments, vital signs values, sepsis severity strata, the presence of abnormal laboratory values, and hospital facility.

The fully adjusted model was then assessed against each severity strata sub-group (as above), to evaluate how the association between the timing of antibiotics and mortality differed across the groups.


	Key Findings/Results
	Findings showed that patients receiving earlier antibiotics had greater severity of illness compared with those receiving later antibiotics. The frequency of receiving two or more antibiotics increased as sepsis severity increased.

Each lapsed hour between ED registration and antibiotic registration was associated with a 9% increase in the odds of mortality. This effect was similar for patients with sepsis and severe sepsis, and larger for patients with septic shock.

Although the average time to antibiotics was 2.1 hours from ED registration, early antibiotics had a significant impact on improved survival.


	Limitations 
	The external validity of the study may be undermined by the fact that the patients evaluated were treated in hospitals that had an existing sepsis performance improvement programme and therefore findings are not generalisable to hospitals that do not.

There was no adjustment made within the analysis for the possibility that some patients may have received additional treatments, such as fluid resuscitation, alongside early antibiotics, and no evaluation was undertaken as to the adequacy of the antibiotics used.

The sample group was limited to patients who received antibiotics within six hours of ED registration and the impact of antibiotic timing outside of the ED was not considered.


	Conclusions and
Implications for practice
	 Overall, the study concluded that each elapsed hour between presentation and antibiotic administration increased the odds of mortality in patients with sepsis of all severity strata, although earlier antibiotics had the greatest benefit in patients with septic shock.

The authors advise that more clinical trials to examine the antibiotic timing intervals where sepsis is uncertain would be useful in adding to the body of knowledge in this area.


















	Study 4
	Wallgren, U. M., Antonsson, V. E., Castren, M. K. and Kurland, L., (2016), ‘Longer time to antibiotics and higher mortality among sepsis patients with non-specific presentations – a cross sectional study of Emergency Department patients indicating that a screening tool may improve identification’, Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine, 24:1, pp. 1 – 11.


	Objective/Research Question/Hypothesis 
	Septic patients with non-specific presentations such as decreased general condition (DGC) have a less favourable outcome and a screening tool could increase identification of these patients.


	Methodology
	Quantitative Cross-sectional study to address two aims:

[1] Assess time to antibiotics (Mann Whitney and Kaplan-Meier tests) and in-hospital mortality (logistic regression) among septic patients with ED chief complaint DGC, as compared with septic patients with other ED chief complaints; and

[2] Determine whether a screening tool could improve identification of septic patients with non-specific presentations such as DGC by assessing the sensitivity and specificity of the modified Robson screening tool with that of ED doctor clinical judgement


	Population and Sample
	Aim 1:   61 adult septic patients with ED chief complaint DGC and 516 adult septic patients with other ED chief complaints (sepsis reference group).

Aim 2:  122 patients presenting to the ED with chief complaint DGC.


	Ethical Considerations
	Stockholm Regional Ethical Review Board approval was obtained for this study with a waiver of informed consent being granted.


	Data Collection Methods
	The in-hospital ED registration and treatment IT system was interrogated to identify adult patients relevant to the three research groups.

Aim 1:  Data related to ED arrival, age, triage priority, gender and chief complaint were retrieved.

Aim 2:  Information regarding ED doctor clinical judgement and pre-existing comorbidity was retrieved from ED admissions records.


	 Data Analysis Strategy 
	Fischer’s exact test for categorical variables (gender, triage priority, history of infection, clinical judgement, mortality) was applied, alongside a Mann-Whitney U test for numeric variables (age, vital parameters, plasma glucose). McNemar’s test was used to compare the sensitivity and specificity of clinical judgement.


	Key Findings/Results
	The median time to antibiotics for adult septic patients with ED chief complaint DGC was 5:26 hours while the average time to antibiotics for the adult septic patients with other ED chief complaints 3:56 hours. This may be a result of the increased time needed to achieve a laboratory diagnosis where the clinical presentation is not specific.

Similarly, the in-hospital mortality rate among adult septic patients with ED chief complaint DGC was 32.8% while in the adult septic patients with other ED chief complaints the rate was 10.9%.

The Robson screening tool was found to have greater sensitivity in diagnosing sepsis than clinical judgement, but with a lower specificity.

	Limitations 
	Retrospective studies are often marred by the existence of missing data in the data set used.

In this study, a high proportion of the population had additional infection-related conditions, which undermined the specificity of the Robson screening tool.


	Conclusions and
Implications for practice
	Septic patients presenting at the ED with chief complaint DGC tended to wait longer for antibiotics and had a high in-hospital mortality when compared to septic patients with other ED chief complaints.

The study suggests that the use of a screening tool allows for improved identification of sepsis, enabling timely treatment.





























	Study 5
	Venkatesh, A. K., Avula, U., Bartimus, H., Reif, J., Schmidt, M. J. and Powell, E. S. (2013), ‘Time to antibiotics for septic shock: evaluating a proposed performance measure’, American Journal of Emergency Medicine, 31, pp. 680 – 683.


	Objective/Research Question/Hypothesis 
	To describe the time course of septic shock and subsequent implications for performance measurement


	Methodology
	Quantitative Cross-sectional study of ED patients diagnosed with septic shock


	Population and Sample
	Evaluation took place within an urban emergency department between 2006 and 2008

267 patients met the study’s criteria for inclusion 


	Ethical Considerations
	The study was approved by the institutional review board at the study site


	Data Collection Methods
	A standardised data collection instrument was used to collect patient and laboratory data from patient medical records

Timed data was collected from the emergency department tracking system


	 Data Analysis Strategy 
	Analysis was conducted using statistical analysis software (STATA version 12.0)


	Key Findings/Results
	267 patients were discharged from the ED with a diagnosis of septic shock

The mean age of the sample was 63 years, with 49% being female, 14% were black and 40% white (42% of records held no race data)

All the sample met the definition for septic shock within three hours of their arrival at the ED. 207 of the patients received antibiotics within one hour.

The in-hospital mortality rate was 29.8%


	Limitations 
	The study was limited to one hospital and patients with septic shock only. In addition, it was conducted following a period of staff professional development on early goal therapy and therefore the performance results may have been more favourable as a result.


	Conclusions and
Implications for practice
	The authors advise that, to achieve greater accuracy, the quality performance measurement of the timing of antibiotics to treat septic shock should be based on the progression of the condition rather than time of the patient’s arrival to the ED. 






	Study 6
	de Groot, B., Ansems, A., Gerling, D. h., Rijpsma, D., van Amstel, P., Kostense, P. J., Jonker, M. and de Jonge, E. (2015), ‘The association between time to antibiotics and relevant clinical outcomes in emergency department patients with various stages of sepsis: a prospective multi-centre study’, Critical Care, 19:194, pp. 1 – 12.


	Objective/Research Question/Hypothesis 
	An investigation into the association between time to antibiotics and relevant clinical outcomes in emergency department patients with mild to severe sepsis


	Methodology
	Quantitative retrospective multi-centre study 


	Population and Sample
	1,168 patients stratified into three categories – low, intermediate and high illness severity


	Ethical Considerations
	The study was approved by the medical ethics committees of the centres involved; the need for individual informed consent was waived as the study was defined as observational.


	Data Collection Methods
	Data were collected through three emergency departments’ digital information systems and were then transferred to a web-based data collection file specifically developed for the study, which calculated illness severity scores, time to antibiotics, number of surviving days outside of hospital at 28 days after registration at the EDs.


	 Data Analysis Strategy 
	SPSS was used to analyse the data from the collection file.

Time to antibiotics was categorised as within one hour, between one and three hours, and after three hours.


	Key Findings/Results
	85% and 95% of patients were administered antibiotics between three and six hours. The time that antibiotics were administered was dependent on the severity of the sepsis. 


	Limitations 
	The study group of the most severely ill patients was significantly smaller than the other two groups, which may have adversely affected results in some way. Secondly, the appropriateness of the antibiotics provided was not considered.
 

	Conclusions and
Implications for practice
	The study concluded that the timely administration of antibiotics had no significant impact on clinical outcomes, with the authors advising that further research is needed into the effect of other ED treatments in the initial stages of sepsis.




	Study 7
	Andersson, H., Axelsson, C., Larsson, A., Bremer, A., Gellerstedt, M., Bang, A., Herlitz, J. and Ljungstrom, L. (2018), ‘The early chain of care in bacteraemia patients: Early suspicion, treatment and survival in prehospital emergency care’, American Journal of Emergency Medicine, 36, pp. 2211 – 2218.


	Objective/Research Question/Hypothesis 
	To describe factors in the early chain of care in bacteraemia, factors associated with increased chance of survival during the 28 days after hospital admission, and the long-term outcome.


	Methodology
	Quantitative Retrospective Study


	Population and Sample
	961 patients who fulfilled inclusion criteria which included: positive blood culture for bacteria; patient admitted by emergency medical services (EMS) or voluntary attendance at ED; blood culture and analysis between 1 February 2012 and 30 April 2012.

This involved data from five EMS systems and 60 ambulances.

Two control groups – those who died within 28 days and those who survived


	Ethical Considerations
	The Regional Ethical Committee approved the study


	Data Collection Methods
	Record audit of emergency medical services and hospital medical records using standardised study protocol.


	 Data Analysis Strategy 
	Fisher’s exact test and Wilcoxon’s two-sample test used for calculations and evaluation. 


	Key Findings/Results
	The time from emergency call to the arrival of EMS as well as from registration in the ED to the initiation of antibiotics was the same for each group.

Survivors were found to have significantly higher degrees of both consciousness and blood pressure levels when assessed by EMS


	Limitations 
	Substantial proportion of data missing as was a retrospective study, influencing the validity and generalisation of findings

It is not possible to definitively say that factors outside of the inclusion criteria did not impact on the findings

Those with clinical signs and symptoms of sever infection do not always have positive blood cultures


	Conclusions and
Implications for practice
	Those patients with bacteraemia that was identified early by the EMS had a greater chance of survival

For future practice, the study emphasises the importance of proper assessment of vital signs and symptoms and the importance of the EMS having the education and skills needed to initiate adequate treatment.




	Study 8
	Casu, S. and Haske, D. (2016), ‘Severe sepsis and septic shock in pre-hospital emergency medicine: survey results of medical directors of emergency medical services concerning antibiotics, blood cultures and algorithms’, International Emergency Medicine, 11, pp. 571 – 576.


	Objective/Research Question/Hypothesis 
	To obtain a general picture of the current status of the emergency medical services (EMS) in relation to rapid antibiotic treatment for sepsis.


	Methodology
	Mixed methodlogy (quantitative and qualitative) survey


	Population and Sample
	78 medical directors from emergency medical services 


	Ethical Considerations
	According to the authors, no formal consent was required for this type of study


	Data Collection Methods
	Web-based survey with direct online completion


	 Data Analysis Strategy 
	Microsoft Excel was used to evaluate data collected


	Key Findings/Results
	Only 10.3% of respondents had an algorithm for the treatment of patients with sepsis, sever sepsis and septic shock.

25.6% of the 78 respondents said that antibiotics are kept on rescue vehicles

2.6% of respondents said that their emergency rescue vehicles held the equipment needed to acquire blood cultures


	Limitations 
	For those EMS that do have an algorithm for sepsis therapy, no data was available as to its benefits or otherwise.


	Conclusions and
Implications for practice
	The authors emphasise the need for emergency rescue personnel to have access to algorithms and the ability to measure lactate to improve the diagnosis and treatment of sepsis, sever sepsis and septic shock in the pre-hospital environment




	Study 9
	Carberry, M. and Harden, J. (2016), ‘A collaborative improvement project by an NHS Emergency Department and Scottish Ambulance Paramedics to improve the identification and delivery of sepsis 6’, British Medical Journal Quality Improvement Reports, 5, pp. 1 – 6.
 

	Objective/Research Question/Hypothesis 
	To report on the outcomes of a quality improvement programme which trialled an alerting tool that provided Ambulance Service personnel with criteria to alert the ED to potential sepsis patients.


	Methodology
	Mixed methodology:


	Population and Sample
	One district general hospital

Prior to alerting: Group 1 – 50 patients
During alerting: Group 2 – 50 patients

Questionnaire to all involved staff groups – n38


	Ethical Considerations
	This project was exempt from ethics approval as it was deemed an improvement project as part of NHS reducing harms collaborative


	Data Collection Methods
	Medical data collected for one group prior to the introduction of the alerting tool and from another group during alerting

Data for Group 1 was collected retrospectively from case notes

Data for Group 2 was collected during implementation of the sepsis alerting tool, which was used to test SIRS, vital signs and source of infection, and to identify patient allergies.

Questionnaire survey of all staff groups involved (nurses, doctors and paramedics)


	 Data Analysis Strategy 
	Data collected from all methods transcribed to Excel for analysis

Statistical analysis conducted using t test 


	Key Findings/Results
	Time to Triage reduced by 82% from 17 minutes to 3 minutes

Time to antibiotics improved by 39% from 49 minutes to 30 minutes

The percentage of patients receiving the full sepsis treatment bundle within 60 minutes improved from 78% to 98%. Additionally, 78% of pre-alerted patients received the full bundle within an hour of leaving home.

No significant workload was reported by any staff 


	Limitations 
	The generalisability of the study may be limited as the hospital ED location was in close proximity to many of the patients transported (average travel time of 15 minutes or less)
 

	Conclusions and
Implications for practice
	The alerting process significantly improved care for sepsis patients

The importance of collaborative multidisciplinary team work was highlighted, including the value of real-time feedback and discussion

The decision to keep the alerting tool simple was very valuable

Possible on-site treatment for severe sepsis by emergency response personnel should be tested, particularly where the distance between the patient’s whereabout and the hospital are great.




	Study 10
	Hayden, G. E., Tuuri, R. E., Scott, R., Losek, J. D., Blackshaw, A. M., Schoenling, A. J., Nietert, P. J. and Hall, G. A. (2016), ‘Triage sepsis alert and sepsis protocol lower times to fluids and antibiotics in the ED’, American Journal of Emergency Medicine, 34, pp. 1 – 9.


	Objective/Research Question/Hypothesis 
	To measure the impact of a sepsis workup and treatment protocol (SWAT) that included an electronic health record (EHR)-based triage sepsis alert, direct communication, mobilisation of resources, and standardised order sets.


	Methodology
	Quantitative retrospective, quasi-experimental study 


	Population and Sample
	238 adult ED patients admitted with suspected sepsis, severe sepsis or sepsis shock to an urban ED.

Two groups – one pre-SWAT implementation (108 patients) and one post-SWAT implementation (130 patients)

Data comparisons conducted including demographics, systemic inflammatory response syndrome criteria, time to intravenous fluids bolus, time to antibiotics, length of stay times, and mortality rates.


	Ethical Considerations
	The study was approved by the institutional review board


	Data Collection Methods
	Data was collected retrospectively from electronic health records with reviews being conducted to confirm an ED diagnosis of suspected sepsis, severe sepsis, or septic shock and presence of the criteria for a SWAT.


	 Data Analysis Strategy 
	Relevant abstracted data was entered onto a secure online database with descriptive statistics being generated for comparison, calculations, assessment and discussion.


	Key Findings/Results
	The mean time to bolus was 31 minutes less in the post-implementation group, that is 51 versus 82 minutes.

The mean time to antibiotics was 59 minutes less in the post-implementation group, that is, 81 versus 139 minutes

There was no significant difference in mortality rates


	Limitations 
	The retrospective and single-site design of the study limits its outcomes relative to possible information bias and external validity


	Conclusions and
Implications for practice
	The study demonstrates a significant reduction in the time to intravenous fluids and time to antibiotics in sepsis ED patients where a SWAT protocol is followed.





Narrative (4800-5200 words)

Statistical analysis tools

Given the quantitative nature of the studies within this review, a number of statistical analysis tools have been used by the researchers, the choice being dependent upon the research question and concepts being tested. 
As is often common in practical studies that seek to model relationships between explanatory variables and a dependent variable linear regression was used within the majority of studies in two different ways: in some instances a predictive model was developed against which to analyse explanatory variables and to, in some cases, predict responses while in other studies linear regression analysis was applied to calculate the strength of relationships between responses collated and the explanatory variables (Griffiths and Mooney, 2011). The probability value (p-value), was then used within a number of the studies to compare the statistical model developed to actual observed results in relation to mean values to identify any significant statistical differences. Additionally, Study 4 used the Hosmer-Lemeshow test, often referred to as the goodness-of-fit test, with population subgroups to assess whether the rates for observed events corresponded with expected event rates while others applied a chi-squared test (x2) to the data collected to evaluate the likelihood that observed differences between data sets came about by chance.
As would be expected, standard deviation values are discussed in most of the studies. Standard deviations are calculated to demonstrate the amount of variation or dispersion within a set of data values where the deviation can be low, indicating that the data values are close to the expected value, or high, where the data values are dispersed more widely. Bland and Altman (1996) stress that standard deviation is useful not only as a measurement of variability of a population but can also be used to gauge the confidence that researchers can have in their statistical conclusions. 
A number of exact tests were used within the studies analysed including Fisher’s exact test, which was employed to calculate the significance of any deviation found in p-values and the Mann-Whitney U Test / Wilcoxon’s two-sample test / McNemar’s test, which were utilised to establish that independent samples, where relevant, were selected from populations with the same distribution.

Sterling et al (2016) highlight the gravity of severe sepsis and sepsis shock in relation to emergency department (ED) registrations and intensive care admissions and subsequent impacts on mortality rates and health care costs. In their meta-analysis of the impact of timing of antibiotics on outcomes in severe sepsis and septic shock, they found that primary research tended to focus on either one of or a combination of, three metrics, namely, the implementation of intravenous fluid resuscitation, vasopressor therapy and/or the timely administration of antibiotics. In relation to the latter, which is the subject of this literature review, despite the contrasting outcomes reached within the literature, relative to improved mortality rates, the authors agree that the time to antibiotics administration has become the main focus of practice improvement in the care of patients with severe sepsis and septic shock.

From the studies reviewed in this paper, three main themes were identified, that is: [1] the various types of sepsis, their diagnosis and treatment; [2] the measurement of the impact of timely administration of antibiotics in the treatment of severe sepsis and septic shock; and [3] the outcome on mortality rates. Given that some disparity exists within the findings and conclusions of the studies, it is necessary to further analyse and discuss the prevalence, treatment and outcomes of sepsis, relevant to the three main themes outlined above.


Types of sepsis, diagnosis and treatment

The different classifications of sepsis and advised treatments are topics mentioned in all of the studies included within this paper. 

Reinhart and Eyrich, (2013) categorise sepsis as a complex illness that can be classified in relation to its severity and including sepsis, severe sepsis/red flag sepsis, and septic shock. Blackburn and Daniels (2015) describe severe sepsis as sepsis that has led to organ dysfunction and tissue hypoperfusion (2015) They explain that red flag sepsis is purely when a sepsis screening tool identifies signs and symptoms which indicate that severe sepsis is present. They describe septic shock as hypotension that persists despite adequate administration of intravenous fluids. This continuing hypotension is a sign of insufficient vital organ perfusion which ultimately leads to organ failure. The red flags of sepsis are primarily used to allow for initiation of treatment prior to obtaining blood test results. 

Burrell et al (2016, p 1.e3; Study 1) identified the provisional sources of sepsis as: lungs (40.5%); urinary tract (23.2%); abdomen (8.4%); skin or soft tissue (7.6%); musculoskeletal system (0.8%); central nervous system (0.7%); vascular devise (0.6%); and, other systems (7.6%). For 1% no source was identified.

The categories of sepsis outlined previously were used as the basis for sampling research groups within all of the studies included within this review, with patients (participants) who experienced one of the categories of sepsis being identified either through triage diagnosis in emergency departments (seven of the Studies), or during pre-hospital emergency care (Study 7 and Study 9). The remaining study was mainly based on ascertaining the access that emergency care staff had to the means by which to identify and treat sepsis rather than their use of such means, where they existed (Study 8).

In the main, research analysed tended to concentrate on the timely administration of antibiotics (Studies 2, 4, 5 and 6), with some including time to intravenous fluid (Studies 1 and 10), and one making reference, although not detailed, to other possible additional treatments (Study 3). 

One of the studies within this paper (Study 9) by Carberry and Harden (2016, p. 2), identified the Sepsis 6 Bundle as a collection of treatments and actions based on recommendations from the Surviving Sepsis Campaign (SSC, 2019) including: the administration of oxygen, the maintenance of saturation levels at >94% with the exception of patients with Chronic Obstructive Pulmonary Disease (COPD), where saturations must be controlled between 88 – 92%, the extraction of blood cultures, the administration of intravenous antibiotics as per Trust Guidelines, the administration of intravenous fluids, the assessment of serial lactates, and the measurement of urine output. The UK Sepsis Trust (2019) instructs that all these recommendations must be completed within one hour. Carberry and Harden (2016) claim that various research presents persuasive evidence that in incidents where the Sepsis 6 Bundle is implemented within one hour of severe sepsis recognition, mortality is found to be reduced by up to 50%.

Implications for emergency and prehospital care

In relation to emergency medical practice, the tool widely used by Paramedics to aid in the identification of and severity of sepsis is the “Sepsis Screening and Action Tool” developed by the UK Sepsis Trust (2019, see Appendix 1). As the studies included within this review involved patients of 18 years and above, the sepsis markers that will be discussed are those that are directly relevant to this group. The Sepsis Screening and Action Tool classifies sepsis markers into amber and red depending on the severity that they illustrate. The tool which is promoted by the National Institute for Health and Care Excellence (NICE), states that if the patient appears unwell to the clinician and where there is a known or suspected source of infection, only one red flag needs to be present in order for the patient to be suspected of severe red flag sepsis. The red flag markers are as follows: a patient who is either unresponsive, acutely disorientated or confused or responds solely to voice or pain, has a respiratory rate ≥ 25 per minute, requires oxygen to maintain SpO2 ≥92%, has a heart rate of > 130 per minute, has a Systolic B.P ≤ 90 mmHg, has a non-blanching rash or appears mottled, ashen or cyanotic, has not passed urine in the preceding 18 hours or has a urine output of <0.5 ml/kg/hour, has a Lactate level of ≥2 mmol/l or has undergone recent chemotherapy. If any one of these markers are present, the UK Sepsis Trust advises that immediate action is required, and that the Sepsis 6 bundle needs to be initiated. 


Time to antibiotics

All of the studies analysed for this review have the time to antibiotics as a key variable with many directly linking the time to administration of antibiotics to mortality rates.

Kalich et al (2016; Study 2) conducted a before and after interventional study that sought to enhance an existing sepsis bundle by including specific antibiotic dosage and selection in relation to the severity of sepsis. They assessed the time in which patients who had had blood cultures drawn were administered antibiotics in relation to one and three hours post diagnosis of severe sepsis. Their study showed that 81% of patients had been initiated on antibiotics after having blood cultures drawn and that the overall initiation of antibiotics was within three hours. Although this represented a 21% improvement in the initiation of antibiotics within the case study emergency department, Kalich et al (2016) believe that ultimate goal should be to meet the standards set out in the “Surviving Sepsis Campaign Guideline”, which recommends that antibiotics should be initiated within one hour of diagnosis of either severe sepsis or septic shock. The researchers further suggest that although the initiation of timely antibiotics is seen to improve the patient outcome, assurances need to be made in order to ensure that the most appropriate antibiotic therapy is chosen, warning that previous studies have illustrated the detrimental outcomes of inappropriate antibiotic selection on patients with severe sepsis.
 
Hayden at al (2015; Study 10) believe that although recent studies are yet to document a benefit from the use of sepsis bundles, the consensus remains that early and appropriate broad-spectrum antibiotic treatment reduces the risk of death related sepsis. In their retrospective quasi-experimental study, including 238 adult patients who had been admitted to the emergency department following a suspected diagnosis of sepsis, severe sepsis or septic shock, the authors sought to distinguish whether a sepsis protocol would decrease the time to fluid and antibiotic administration in the emergency department by dividing the study participants into a pre-implementation of the ‘Sepsis Workup and Treatment Protocol’ (SWAT) group and a post-implementation group. Their study found that patients in the post-implementation group received antibiotics 59 minutes faster than those in the pre-implementation group, leading to a positive result for the SWAT protocol to be introduced in order to reduce time to antibiotics. Similarly, Burrell et al (2016; Study 1) found that the implementation of a quality improvement programme increased the number of sepsis positive patients receiving antibiotics within 60 minutes of diagnosis from 29.3% to 52.2%. Furthermore, the evaluative study observed that the number of patients who were started on a second litre of intravenous fluid within one hour also rose from 10.6% to 27.5%. 

Hayden et al (2015; Study 10) cite a study conducted by Gaieski et al (2010), involving 261 patients admitted to the emergency department, where the increase in time to antibiotics was found to be a primary factor in mortality with patients who had been diagnosed with severe sepsis and septic shock. They affirm that although the primary need is for time to antibiotics and other sepsis specific treatment to decrease, there is a necessity for emergency medical staff to be trained and equipped to identify and treat sepsis.  

[bookmark: _Hlk4431682]Venkatesh et al (2012), who conducted a cross-sectional study of 267 consecutive patients found to have septic shock in an emergency department between the years of 2006 to 2008. The purpose of their study was to compare the patient outcomes of patients receiving antibiotics within one hour versus three hours. They wrote that hospital mortality due to septic shock can increase to between 50-60% and that in multiple studies, fast and effective treatment of antibiotics has been found to reduce risk of sepsis induced death. They write that in the Surviving Sepsis Campaign’s 2008 International Guidelines for the Management of Severe Sepsis and Septic Shock, they advise that during the first hour that sepsis is recognised, and suspected, intravenous antibiotics should be initiated at the earliest opportunity (Bion et al., 2008) 

Bas de Groot et al (2015; Study 6) conducted a prospective multicentre study across three emergency departments, with a sample population of 1,168 patients. Their aim was to discover whether there was an association between time of mild to severe sepsis diagnosis to antibiotic administration. Conversely, their study found there to be no association between quicker time to antibiotics for patients with sepsis with 28- day mortality rates in emergency departments. Similarly, they cited a study by Puskarich et al, (2011) that found that the only occasion where they documented an improved patient outcome was when patients promptly received antibiotics prior to developing septic shock. They also suggested that hemodynamic resuscitation is more crucial in positive mortality rates than the early treatment of antibiotics. Interestingly, Venkatesh et al (2013; Study 5), in their study of 267 emergency department sepsis patients between 2006 and 2008, concluded that rather than basing the time to antibiotics measurement on sepsis patients’ registration with an emergency department, such timing should be calculated according to the progression of the condition itself in order to achieve a true measure of quality performance in the treatment of sepsis.  

Ferrer et al (2014), as cited in Hayden et al (2016; Study 10), carried out a retrospective analysis including over 28,000 septic patients who were admitted to the emergency department. They documented that each hourly delay of the administration of antibiotics reflected a steady increase in mortality. This finding is supported by Liu et al (2017; Study 3) who assert that although numerous studies suggest that the administration of antibiotics when delivered within the initial six hours post diagnosis is beneficial, they also found that each hourly delay increased the probability of mortality rates.

Implications for emergency and prehospital care

The question as to whether the time from suspected sepsis to antibiotic administration is of particular pertinence in relation to the research question proposed in this review; “Should antibiotics be administered to patients displaying signs and symptoms of sepsis in a pre-hospital environment?” will be discussed.

In a study that sought to compare and contrast the impact of the time taken by emergency medical personnel to: arrive to sepsis positive patients, transport them to the emergency department, and the initiation of antibiotics, for two control groups, one of which was comprised of patients who died within 28 days of diagnosis and the other of which was comprised of survivors within 28 days of diagnosis (Andersson et al, 2018; Study 7), observed that their were no differences in this early chain of care between the groups. The study however did show that members of the survivor group were found by emergency medical staff to have significantly higher blood pressure levels and higher degrees of consciousness, suggesting that where emergency medical staff find these wellness measurement factors to be low, and where they suspect the presence of sepsis, their ability to initiate antibiotic treatment would benefit the patient.

Wallgren et al (2016; Study 4, p.1) studied the relationship between sepsis patients who presented to the emergency department with a non-specific ‘decreased general condition’ (DGC) and those who presented with ‘other chief complaints’. They found that the former group had to wait almost twice as long as those in the latter group before receiving antibiotic treatment, concluding that the Robson screening tool tested was essential to improve identification and therefore timely treatment of sepsis. 

Alam et al (2018) renounce this, writing that in their randomised controlled open-label trial incorporating ten regional ambulance service trusts and including 2672 patients, they found that the administration of antibiotics by emergency staff within the ambulance did not result in increased likelihood of survival in patients with sepsis, regardless of the severity of the sepsis. 


On the other hand, Liu et al (2017; Study 3) explain that international guidelines have been developed in line with the vastly excepted concept that septic patient outcomes are more likely to improve with timely initiation of antibiotics. They maintain that this concept has led to the planning of several clinical trials, even those considering whether the administration of antibiotics in a pre-hospital environment before hospital assessment is in the septic patient’s best interest. However, they also consider the argument that the promotion of the administration of antibiotics in a pre-hospital environment could lead to patients unnecessarily being administered antibiotics due to restricted equipment disallowing for tests to be carried out. 

The aim of Carberry and Harden’s (2016; Study 9) project was to decrease the time taken for emergency department staff to triage and treat septic patients by implementing an alerting tool, whereby emergency medical staff would alert the emergency department as to the imminent arrival of patients suspected as having sepsis. The alerting tool was believed to be crucial as research and practice suggested that the Sepsis 6 Bundle, which includes the administration of broad-spectrum antibiotics, should be initiated within one hour of identification. The project was a success in so far as, following implementation of the alerting tool, time to triage decreased from 17minutes to three minutes while time to antibiotics fell from 49 minutes to 30 minutes.

Casu and Haske (2015; Study 8) conducted a survey, in order to gain a general image of the treatment offered by emergency ambulance staff in relation to rapid administration of antibiotics for sepsis. Their short survey which aimed to discover whether antibiotics were kept on emergency ambulances and if they were, what kind, was completed anonymously by 78 medical directors. Of these participants, only 25.6% concluded that antibiotics were readily available on emergency response vehicles, despite the authors warning that studies show that with every hour delay of antibiotics mortality rates increase. Additionally, 90% of the areas with access to antibiotics did not have the equipment needed to collect blood cultures prior to antibiotic initiation.

Some studies argue that the over administration of antibiotics could have a negative effect on the community and immunity to antimicrobials is very possible in the near future due to its over prescription in a primary care environment. However, another consideration is that the red flags for sepsis have been suggested to be partially applicable to various acute medical problems. Thus, it could be argued that emergency medical staff in a pre-hospital environment could potentially over diagnose patients due to the markers being so easy to hit in generally ill patients and therefore over prescribe antibiotics. This could add to the already present issue 
addressed by Llor and Bjerrum (2014) that antibiotics are being overprescribed in primary care which is believed could lead to an immunity against antibiotics in the future. 

At this adjunct it is worth referring to research from Llor and Bjerrum (2014) whose study identified the global challenge in relation to the overuse of antibiotics worldwide and the consequent antimicrobial resistance (AMR), which has resulted in severe infections, complications, longer hospital stays and increased mortality.  
 
The over prescription of antibiotics, mainly by general practitioners (90% of all antibiotic prescriptions), is associated with a range of undesirable effects including increased re-attendance and a rise in the medicalisation of self-limiting conditions.
 
Potential steps to achieve a reduction in the overuse of antibiotics including prohibition of the over-the-counter sale of antibiotics, practice-based clinical audits and a range of pragmatic studies, the employment of timely point-of-care tests, responsibly managed antimicrobial programmes, and enforced delays in the prescription of antibiotics by general practitioners, supported by improved communication between doctor and patient.
 This could also lead to an implementation of costs and potential harm to the patient.

Mortality rates

In the Encyclopaedia of Public Health, Kirch (2008, p. 967) defines the term ‘mortality rate’ as “the ratio of the total number of deaths in an area to the population of that area, to the total population.” Kirch (2008) explains that mortality rates can be in reference to deaths in general or fatalities owing to a specific cause. 

For the purpose of this paper, the mortality rates specifically related to sepsis will be explored within the studies researched as this has been found to be a common theme discussed throughout the studies. 

Hayden et al (2015; Study 10) state that according to the National Centre for Health Statistics, the number of hospitalisations due to sepsis were estimated to have increased from the year 2000 to 2008 by 520,000 and that by 2010 septicaemia was found to be the eleventh leading cause of mortality. Carberry and Harden (2016; Study 9) concur, writing that the mortality rate concerning severe sepsis and septic shock is markedly more substantial than other time-sensitive illnesses. For example, they report that patients with sepsis are at a 4 – 5 times increased risk of mortality than patients who have suffered a cerebrovascular accident (CVA) and are at a 6 – 10 times greater risk of mortality than patients who have been admitted to the emergency department following an acute myocardial infarction.

Carberry and Harden (2016; Study 9) emphasise that the desire to reduce sepsis induced mortality rates has become a global focus, primarily inciting national campaigns including the Surviving Sepsis Campaign, which published a revised protocol in 2018, changing the goal treatment time for patients with sepsis and septic shock from three and six hours to one hour. 

Liu et al (2017; Study 3) set out to evaluate the relationship between the timing of initial antibiotic treatment and mortality among septic patients who received antibiotic treatment within six hours of arriving at the emergency department. Upon conclusion of their large, multicentre retrospective study of 35,000 randomly selected patients who were being treated for sepsis in 21 emergency departments between 2010 and 2013, they found that hourly delays of antibiotic initiation in septic patients led to a 9% increased chance of mortality. Furthermore, they found that the odds of mortality increased with the severity of the sepsis and was greatest in patients with septic shock, who displayed an increased mortality rate of 1.8%, emphasising that for the greatest patient outcome to be achieved, administration of early antibiotics is essential. Contrarywise, de Groot et al (2015; Study 6), in an extensive retrospective multi-centre study involving 1,168 sepsis patients, found that the timely administration of antibiotics had no significant impact on mortality rates. 

Wallgren et al (2016; Study 4, p.1) studied the relationship between sepsis patients who presented to the emergency department with a non-specific ‘decreased general condition’ (DGC) and those who presented with more specific ‘other chief complaints’. They found that the former group had to wait almost twice as long as those in the latter group before receiving antibiotic treatment, resulting in a higher mortality within that group. 

Although most of the studies explored within this paper evaluate the sepsis mortality rates solely in the length of hospital stay within a 28 day parameter, Andersson et al (2018; Study 7) also considered the long-term outcome of sepsis patients, including a five-year mortality rate review. They conducted a study of 961 patients which involved a quantitative retrospective record audit of emergency medical services and hospital medical records. Their study set out to compare the mortality rates of patients within 28 days and 5 years post arrival at the emergency department and whether the early identification of sepsis by emergency medical staff alongside the initiation of antibiotics without delay were associated with a higher possibility of long-term survival. Findings showed that the 28 day mortality rate post emergency department admission was 13.5% and that patients who were suspected of sepsis sooner were found to have a higher rate of survival, with their overall conclusion being that their initial hypothesis was confirmed, that is, that early identification and treatment of sepsis resulted in an increased chance of survival.  

Liu et al (2017; Study 3) maintain that there is a need for a randomised clinical trial to weigh up the advantages of early antibiotic administration, as current evidence is mixed. They found in their study that patients who received antibiotics the earliest were those who were more severely ill, including those with septic shock, and that patients who were found to be in the early stages of sepsis were the last to receive antibiotics. Their retrospective study showed that although the greatest benefits of administration of antibiotics were found within one hour, the odds of mortality were similar within those who had received antibiotics within two and five hours. The conclusions suggest that those patients for whom the sepsis diagnosis had less certainty, delays in antibiotics would perhaps not increase the chances of mortality substantially. However, for patients who were diagnosed as having septic shock, the findings illustrated that they benefited the most from receiving earlier antibiotics.

Some of the papers suggest that the main factor that impacts the mortality rate is the severity of the sepsis. Venkatesh et al (2013; Study 5) advise that to achieve greater accuracy, the quality performance measurement of the timing of antibiotics to treat septic shock should be based on the progression of the condition rather than the time of the patient’s arrival to the emergency department.

Similarly, Kalick et al (2016; Study 2) sought to measure the impact of training on and implementation of an enhanced antibiotic-specific sepsis bundle on the treatment of patients with severe sepsis. They discovered that that the outcomes were favourable, where the number of patients receiving the bundle within one hour of diagnosis increased by 22.9%. The authors however cautioned that the inconsistency of the data collection due to the voluntary nature of the study may have affected the study’s internal validity.

Burrell et al (2016; Study 1) evaluated the impact of a quality improvement programme (SEPSIS KILLS), involving 97 emergency departments and 13,567 patients, from 2009 to 2013. The programme was comprised of three elements: Recognise (recognition of the signs, symptoms and risk factors of sepsis; Resuscitation (within 60 minutes of registration, using a bundle care encompassing measurement of blood cultures and serum lactates and administration of intravenous fluids and antibiotics); and Refer (referral to senior clinicians). The programme, as expected, led to an increase in the number of patients presenting to the emergency department with sepsis receiving resuscitation treatment within one hour of diagnosis. Subsequently, this was found to have had a positive impact on mortality rates, which fell steadily over time. Kumar et al (2006) as cited in Venkatesh et al’s study assert that with every hour of delay in the initiation of antibiotics, there is a mean reduction in chance of survival of 7.6%.

Implications for emergency and pre-hospital care

Following on from the discussion above, Andersson et al (2018; Study 7) state that, like other research, including that of Roest et al (2017), their study showed that of the patients who died in the study, many had used the emergency services. However, their question as to whether the delay from the time the patient requested an ambulance to when they were administered antibiotics in the emergency department had resulted in a greater risk of mortality was inconclusive. Nonetheless, the researchers speculate that the reason for the link between increased mortality rates in sepsis and use of the emergency services could be due to ambulance staff primarily being called to patients who are suspected to be suffering from an acute and life-threatening illness, whereas, given the difficulty in accurately diagnosing sepsis, the sepsis positive patients within their study who used the emergency services may have been severely ill but were not aware of it.

Burrell et al (2016; Study 1) informally estimate that approximately 30% of patients requiring an ambulance have some form of sepsis. Andersson et al (2018: Study 7) raise the question as to whether the increased mortality of patients who use the emergency services may be due to the delay in receiving antibiotics, particularly where emergency medical staff do not have access to adequate treatment. This corresponds with the findings of Casu and Haske (2016; Study 8) which show that in an assessment of the availability of an effective algorithm for the treatment of sepsis, antibiotics, and the means by which to assess blood cultures, by emergency medical personnel, only 10.3% of the 78 emergency medical services surveyed had an algorithm, while only a quarter (25.6%) had access to antibiotics, and only 2.6% of emergency rescue vehicles had the ability to acquire blood cultures.  

Conclusions and implementations for practice 700-800 words 

Throughout the narrative, a thorough debate was conducted which appraised the emphasised themes; types of sepsis, diagnosis and treatment, mortality rates and time to antibiotics in the aim of answering the review question ‘Should antibiotics be administered to patients suspected of having sepsis in a pre-hospital environment?’.

The most pertinent theme within the narrative, in relation to the review question was ‘time to antibiotics’ as it presented the arguments for and against the widely accepted concept that the earlier the administration of antibiotics, the better. ‘Time to antibiotics’ was a key element across all studies, predominantly in relation to its effect on mortality rates in patients with sepsis.

All of the studies within the review suggest that the early diagnosis of sepsis by all emergency service staff, both pre and during hospital care, is crucial to promoting improved mortality rates, enforcing that the use of an accepted sepsis screening tool outlining the Sepsis 6 Bundle promotes best practice.

In conclusion, the literature within the studies reviewed suggest that although research concerning in-hospital sepsis treatment has been widely conducted, more research needs to be undertaken to in regards to the pre-hospital emergency environment, to establish whether the administration of antibiotics to patients suspected of sepsis in a pre-hospital environment is feasible and to definitely answer whether it would be beneficial to septic patient outcomes and long term mortality rates.

A critical analysis of the studies in this literature review suggests that overall, the benefits of early initiation of antibiotics when sepsis, severe sepsis or septic shock is suspected outweighs any potential negatives. Although presently a definitive diagnosis of sepsis cannot be achieved in a pre-hospital environment due to the lack of equipment to measure lactate and blood cultures, emergency medical staff predominantly follow guidelines for identifying the signs and symptoms of sepsis and therefore should be confident in their suspected diagnosis. 

It has been suggested across several of the studies that literature advises that treatment of antibiotics in patients with suspected sepsis should be initiated at the earliest opportunity and within an hour of diagnosis. Some of the studies contend that ambulance staff are often the first medical professionals who are in contact with septic patients prior to their admission to the emergency department. Therefore, it could be considered that due ambulance staff in a pre-hospital setting needing to spend on average 88 minutes (Office for National Statistics, 2017, p. 37) on scene performing a patient assessment, followed by an account for the time taken for transport to the nearest emergency department, best practice would indicate that to follow the suggested guidance of administration within one hour of recognition of sepsis, paramedics should prescribe and administer antibiotics either on scene or on route to the emergency department to ensure the best outcome for the patient.

However, overall, due to the severity of sepsis and the vast amount of statistics illustrating the high mortality risks that accompanies it, it would seem that the benefits of earliest possible administration, including pre-hospital initiation of antibiotics would outweigh any argument against it.

Ambulance staff including paramedics, primarily conduct their practice following guidelines such as the ‘UK ambulance services clinical practice guidelines’ (JRCALC, 2016). The guidelines provide a basis for clinical practice which paramedics are encouraged, yet are not under obligation to follow. The HCPC stress that evidence-based actions undertaken by clinicians are more easily justified and that, as such, student paramedics should seek to develop a research-based approach in relation to clinical reasoning skills.
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