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LAY ABSTRACT 

 Presented in this thesis is an exploration of the role that delays in recognition and 

response to a deteriorating patient play in decreased effectiveness of rapid response teams. These 

teams are comprised of critical care healthcare professionals that respond to patient deterioration. 

Study 1 presents a protocol for a systematic review of the current body of research regarding the 

impact delayed recognition has on patient outcomes. Study 2 reports on the results of the 

systematic review conducted following the aforementioned protocol. Study 3 examines the 

impact delayed activation has on death, cardiac arrest, and intensive care unit admission rates at 

a Hamilton, Ontario hospital as part of a patient safety initiative. Overall, the body of work 

presented in this thesis suggest that delayed recognition and response by rapid response teams is 

associated with negative patient outcomes.  
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ABSTRACT 

 

Objectives: The objective of this thesis is to explore the association between delayed rapid 

response team activation and patient mortality and morbidity in adult in-patients. 

Methods: Study 1 presents a protocol for a systematic review of literature regarding the 

association of delayed activation of rapid response teams and patient outcomes. Study 2 contains 

the results of the conducted systematic review, performing a search of the literature to critically 

appraise, aggregate, and present a narrative synthesis of included studies. The final study 

examines the association between delayed rapid response team activation and hospital mortality, 

ICU transfer, and cardiopulmonary arrest risk in a retrospective observational cohort study 

conducted as part of the “Hospital without Code Blues” initiative at Hamilton Health Sciences. 

Results: Studies included in the systematic review report an association between delayed 

activation and patient mortality and ICU transfer odds. Results of study three find that these 

delays may not be associated with patient mortality, but are significantly associated with ICU 

transfer events and a composite outcome of patient in-hospital mortality, ICU transfer, and 

cardiopulmonary arrest. Overall, patients experiencing a delayed rapid response team activation 

were at greater odds of experiencing a negative event during their course of stay in hospital. 

Conclusions: This thesis presents findings that suggest delayed activation of rapid response 

teams is associated with an increase in patient mortality and ICU transfers. Increased durations 

of delay are associated with increased odds of experiencing the above events. 



 v 

Keywords: rapid response system, rapid response team, patient mortality, critical care, time 

factors  



 vi 

ACKNOWLEDGEMENTS 

 I would like to thank my family for their love, patience, and support over the past two 

years. My parents have been amazing and been the people behind me helping and encouraging 

me to pursue my academic interests, as well as shaping me into the person I am today. Kevin, 

you’ve been a great role model lending guidance and more often than not an ear to listen to 

issues and the occasional complaints about writing. I could not have done this without any of my 

family. 

Second, I would like to thank Dr. Fox-Robichaud and Dr. Thabane who have been there for 

me since my Bachelor’s, providing mentorship and guidance over the past years. Thank you for 

providing opportunities to lead my own research, develop my own questions, and challenging me 

to perform at a higher standard. I am especially grateful to Dr. Fox-Robichaud for her 

mentorship and understanding, for exposing me to clinical research and granting an opportunity 

to see the impact that the research I perform has. To Dr. Xie, thank you for your guidance and 

feedback through my Master’s, introducing me to health economics, and your suggestions during 

the preparation of this thesis. 

To my close friends at home and my colleagues in HRM, thank you for making the past two 

years enjoyable. We’ve been through a lot together and having this wonderful group around me 

has made it a thoroughly unforgettable experience. Being with such a highly motivated group has 

inspired me to work harder and be a better researcher. 

Lastly, to Lexie, thank you for your love, support, words of encouragement, and never 

ending patience every step of the way through my thesis and my degree.  



 vii 

1 TABLE OF CONTENTS 

LAY ABSTRACT .................................................................................................................. iii 

ABSTRACT ............................................................................................................................ iv 

ACKNOWLEDGEMENTS .................................................................................................. vi 

LIST OF ILLUSTRATIONS, CHARTS, & DIAGRAMS .................................................. x 

LIST OF TABLES ................................................................................................................. xi 

LIST OF ABBREVIATIONS AND SYMBOLS ................................................................ xii 

DECLARATION OF ACADEMIC ACHIEVEMENT .................................................... xiii 

1 CHAPTER ONE ........................................................................................................... 1 
1.1 Adverse Events and Clinical Deterioration ......................................................................... 1 

1.2 The Rapid Response Team .................................................................................................... 2 

1.3 Evolution to the Rapid Response System: The Afferent Limb .......................................... 3 

1.4 Current State of Rapid Response Systems .......................................................................... 4 

1.5 A Hospital without Code Blues: Rapid Response System at Hamilton Health Sciences. 6 

1.6 Outline of Thesis .................................................................................................................... 7 

1.7 Reference List ......................................................................................................................... 9 

2 CHAPTER TWO ........................................................................................................ 14 
2.1 Abstract ................................................................................................................................. 15 

2.2 Background .......................................................................................................................... 17 

2.3 Objectives.............................................................................................................................. 18 

2.4 Methods ................................................................................................................................. 18 

2.4.1 Eligibility Criteria ......................................................................................................... 19 

2.4.2 Search Strategy .............................................................................................................. 19 

2.4.3 Data Abstraction ............................................................................................................ 20 

2.4.4 Risk of Bias/Quality Assessment .................................................................................. 20 

2.4.5 Data Synthesis ............................................................................................................... 20 

2.5 Discussion.............................................................................................................................. 21 



 viii 

2.6 References ............................................................................................................................. 23 

2.7 Appendix ............................................................................................................................... 25 

3 CHAPTER THREE .................................................................................................... 26 
3.1 Abstract ................................................................................................................................. 27 

3.2 Introduction .......................................................................................................................... 29 

3.3 Methods ................................................................................................................................. 31 

3.4 Results ................................................................................................................................... 32 

3.5 Discussion.............................................................................................................................. 38 

3.6 Conclusions ........................................................................................................................... 40 

3.7 References ............................................................................................................................. 42 

3.8 Appendix ............................................................................................................................... 45 

4 CHAPTER FOUR ....................................................................................................... 47 
4.1 Abstract ................................................................................................................................. 48 

4.2 Introduction .......................................................................................................................... 50 

4.3 Methods ................................................................................................................................. 51 

4.3.1 Setting and Study Design .............................................................................................. 51 

4.3.2 Data collection .............................................................................................................. 53 

4.3.3 Outcomes ....................................................................................................................... 54 

4.3.4 Statistical Analysis ........................................................................................................ 54 

4.4 Results ................................................................................................................................... 55 

4.4.1 Cohort Outcomes: ......................................................................................................... 58 

4.4.2 Increased Delay Outcomes ............................................................................................ 58 

4.4.3 Sensitivity Analysis ....................................................................................................... 59 

4.5 Discussion.............................................................................................................................. 60 

4.6 Conclusions ........................................................................................................................... 63 

4.7 References:............................................................................................................................ 64 



 ix 

5 CHAPTER FIVE ........................................................................................................ 66 
5.1 Findings of Completed Studies ............................................... Error! Bookmark not defined. 

5.2 Further Research ..................................................................... Error! Bookmark not defined. 

5.3 Limitations ................................................................................ Error! Bookmark not defined. 

5.4 Concluding Remarks ............................................................... Error! Bookmark not defined. 

5.5 References ............................................................................................................................. 73 

 

  



 x 

LIST OF ILLUSTRATIONS, CHARTS, & DIAGRAMS 

Figure 3-1 PRISMA Flowsheet detailing search process and results ........................................... 33 

Figure 4-1 STROBE Flowchart showing patient recruitment and exclusion ............................... 56 

  



 xi 

LIST OF TABLES 

Table 3-1. Characteristics of Included Studies ............................................................................. 34 

Table 3-2 . Outcome measure extraction summary of included studies ....................................... 36 

Table 4-1 Hamilton Early Warning Score (HEWS): Rapid Response Team Activation Criteria 52 

Table 4-2. Baseline Characteristics of No Delay and Delay RRT Activation Groups at Activation

............................................................................................................................................... 57 

Table 4-3 Association Between Delayed Activation and Outcomes: Univariate and Adjusted 

Odds Ratios ........................................................................................................................... 58 

Table 4-4. Association Between Duration of Delay for Rapid Response Team Activation and 

Outcomes .............................................................................................................................. 59 

Table 4-5. Sensitivity Analysis for Recurrent Rapid Response Team Activations ...................... 60 

 

  



 xii 

LIST OF ABBREVIATIONS AND SYMBOLS 

 

β – unstandardized regression coefficient 

AE – adverse event 

CCOT – critical care outreach team 

CCRT – critical care response team 

CI – confidence interval 

CINAHL – Cumulative Index to Nursing and Allied Health Literature 

EWS – Early Warning Score 

EMBASE – Excerpta Medica database 

HEWS – Hamilton Early Warning Score 

HHS – Hamilton Health Sciences 

ICU – Intensive Care Unit 

MET – Medical Emergency Team 

MERIT – Medical Early Response Intervention and Therapy trial 

MEWS – Modified Early Warning Score 

N or n –  number of participants 

N/A – not applicable 

NEWS – National Early Warning Score 

NR – Not reported 

OR – Odds ratio 

p –  probability 

PRISMA – Preferred Reporting Inventory for Systematic Review and Meta-Analysis 

PRISMA-P – Preferred Reporting Inventory for Systematic Review and Meta-Analysis Protocols 

ROBINS-I – Risk of Bias in Non-Randomized Studies of Interventions 

RRS – Rapid Response System 

RRT – rapid response team 

SE – standard error 

STROBE – Strengthening Reporting of Observational Studies in Epidemiology 

95% CI – 95% confidence Interval 

 

  



 xiii 

DECLARATION OF ACADEMIC ACHIEVEMENT 

 This “sandwich” thesis consists of three studies conceived by and written by the student. 

He developed their premises, objectives, hypotheses, conducted their data collection, data 

analyses, and prepared the chapters in keeping with suggestions from co-authors and his 

supervisory committee. All of this work was completed between September 2015 and August 

2017. As such, the work herein meets the requirements for inclusion in the main text of this 

thesis. The following highlights contributions made to each study by their respective co-authors. 

 Study 1 presents a protocol for a systematic review examining the association between 

delayed activation of rapid response teams and patient outcomes. It was co-authored by my 

advisor Dr. Lehana Thabane, supervisor Dr. Alison Fox-Robichaud, as well as Kathleen Dobson. 

All co-authors critically reviewed the manuscript and made revisions to improve it prior to 

inclusion in this thesis and preparation for submission. 

 Study 2 reports the findings from the systematic review examining the association 

between delayed activation of rapid response teams and patient outcomes from nine included 

studies. It was co-authored by my advisor Dr. Lehana Thabane, supervisor Dr. Alison Fox-

Robichaud, as well as Kathleen Dobson. Kathleen Dobson was the second reviewer assisting 

with data abstraction and critical appraisal of included papers. All co-authors critically reviewed 

the manuscript and made revisions to improve it prior to inclusion in this thesis and preparation 

for submission. 

 Study 3 examined the association between delayed activation of rapid response teams and 

patient outcomes through a retrospective chart review of an observational cohort of all rapid 

response team activations at the Hamilton General Hospital. It was co-authored by my advisor 



 xiv 

Dr. Lehana Thabane, supervisor Dr. Alison Fox-Robichaud, Andrew Kwong, and Jinny Lee. 

Jinny and Andrew were two of the Bachelor’s students who assisted with data abstraction from 

chart review. Dr. Thabane provided critical guidance of the statistical aspects of the paper, and 

Dr. Fox-Robichaud provided feedback regarding hypotheses made in the discussion. All co-

authors critically reviewed the manuscript and made revisions to improve it prior to inclusion in 

this thesis and preparation for submission. 

  



  

  MSc Thesis – Michael K Xu; 

 McMaster University – Health Research Methodology 

  

 1 

1 CHAPTER ONE 

1.1 Adverse Events and Clinical Deterioration 

Most clinicians know of a case or two where a patient died or experienced an adverse event 

that was potentially avoidable.1 The events leading up to these potentially avoidable deaths or 

adverse events were defined by Silber et al in 1992 as “failures to rescue”.2 Adverse events 

(AEs) resulting from failure to rescue can include cardiac arrest, unwanted intensive care unit 

(ICU) admission, or death.3–6 Studies from the United States and other countries have shown that 

serious adverse events (SAEs) are relatively common, and that such events are often associated 

with a failure to rescue. 7–11 

Clinical deterioration was assumed to be sudden, unpredictable, and thus unavoidable.12–14 In 

the past two decades, research has been published showing that clinical deterioration potentially 

leading to death are preceded by changes and increasingly abnormal vital signs up to 24 hours 

prior to an AE occurring. 13,15–18 Conditions commonly associated with failure to rescue include 

acute cardiac failure, acute respiratory failure, hypotension, and the varying stages of sepsis.19 

By tracking and following patients who begin to develop signs of an adverse event, a majority of 

these AEs may be avoidable.15 Data from the Netherlands, United Kingdom, and multiple other 

countries around the world show an identical picture with thousands of patients dying annually 

of potentially avoidable causes.16,20,21 Multiple patient safety initiatives have been implemented 

in various settings to address these failures to rescue.22 Failure to rescue can be divided into two 

separate failures, one being a failure to monitor and the other a failure to escalate. Both of these 

present unique challenges to the improvement of patient safety, but also present opportunities to 

reduce failure to rescue. 
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1.2 The Rapid Response Team 

Rapid response teams (RRTs) were designed as an intervention to address failures to rescue, 

mitigate adverse events, and respond to patient deterioration that may not have been 

appropriately managed by clinical staff on the ward. These teams were implemented to address 

failures to escalate, by responding to patient that present with clinical deterioration with more 

appropriate expertise and equipment than clinical staff typically responsible for care. The 

important principle underlying rapid response systems (RRSs) is that early intervention can 

improve patient outcomes. 23,24 Delays in recognition and response to clinical deterioration may 

result in increased patient mortality, even with implementation of a RRS.25–27 

There are many names for these teams, from the Critical Care Response Team (CCRT), 

Critical Care Outreach Team (CCOT), Medical Emergency Team (MET), and Rapid Response 

Team (RRT); though they all achieve the same function.28–30 Winters et al have described their 

role as solving “the failure of our current system to adequately monitor patients in the general 

ward, recogniz[ing] the signs and symptoms of deterioration, rescu[ing] deteriorating patients, 

and deliver[ing] optimal care rapidly through escalation and triage.”31 These are teams 

composed of multidisciplinary critical care trained staff that are separate from the primary team 

responsible for the care of the patient.32 The composition can vary between teams: however they 

typically consist of an ICU physician and nurse, though some teams have expanded to include 

pharmacists and respiratory therapists.33–36 These teams aim to bring critical care expertise to the 

patient before multiple organ failure or cardiac arrest, rather than after.37 
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1.3 Evolution to the Rapid Response System: The Afferent Limb 

RRTs cannot function without a track and trigger system, a set of criteria to monitor and 

activate their use is necessary.38–40 These teams evolved into a RRS with the addition of a 

defined afferent limb. A patient’s condition is tracked through the afferent limb, upon reaching 

set thresholds clinical staff can activate the efferent limb triggering the RRT to arrive. 

The afferent limb of a RRS can be categorized into two types of systems: single parameter 

based and multi-parameter early warning scores.41–43 Parameters vary between systems, but in 

general most use common vital signs such as heart rate, blood pressure, respiratory rate, 

neurological status, and respiratory rate. Single parameter systems detect patient deterioration 

based on the abnormality of a single parameter. Multi-parameter systems are commonly referred 

to as early warning scores (EWSs); they operate as an aggregate score of how abnormal each 

individual parameter is. The two most commonly used EWSs are the Modified Early Warning 

Score (MEWS) and National Early Warning Score (NEWS).44–48 Single parameter systems have 

the advantage in being less time consuming and easier to use with no chance of miscalculation of 

scores, but this simplicity may come at the expense of decreased sensitivity and 

specificity.39,41,42,49–52 Some evidence has shown the multi-parameter system to be superior, at 

detection and accuracy.42,52–54 There have also been developments and a push for a algorithmic 

detection using machine learning integrated into electronic health records for the purposes of 

detecting clinical deterioration.53,55–57 These have yielded promising results thus far, but have not 

been yet implemented to replace EWSs.58–61 
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1.4 Current State of Rapid Response Systems 

RRSs are referred to often as a two-arm intervention, when rather they should be seen as a 

four arm intervention as described by Jones et al.43 These systems are no longer experimental 

interventions but rather large scale patient safety initiatives that should be treated as such. The 

quality improvement aspect of RRSs is key to their effectiveness by providing a feedback loop 

for the collection and analysis of events surrounding their use. This quality improvement aspect 

acts as a third arm informing best practice and identifying potential strategies for the 

optimization of RRS use. Cultural change is a key to the successful use of a RRS.62 The fourth 

arm is the administrative and cultural component of the RRS; being such a complex intervention 

RRSs require buy-in at all levels.63 If top level administrators fail to see the value provided, 

resource allocation will be poor, but at the same time if frontline staff choose not to utilize the 

system whether through distrust or disinterest the system fails to function. As a systematic 

intervention, RRSs flatten the hierarchy by bypassing traditional methods of escalation of care.  

RRSs have high face validity, and seem to be a logical response to the issue of recognizing 

and responding to a clinically deteriorating patient. The general perception of these systems is 

that they are highly effective in clinical practice at improving patient quality of life through 

reduction of adverse events, however there many contradicting reports regarding their 

effectiveness. To date the MERIT study is the only multicenter cluster randomized controlled 

trial has been conducted regarding the clinical effectiveness of medical emergency teams.19 In 

the initial analysis, the MERIT investigators found that implementation of the RRT was no 

associated with a decrease in cardiac arrests, unexpected deaths, or ICU admissions.19 Later post-

hoc analyses of the study showed there was a significant improvement of outcomes, however the 
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study authors concluded that these findings were hypothesis generating at best.64–66 Systematic 

reviews and meta-analyses conducted since the MERIT trial have shown weak evidence for the 

improvement of patient outcomes following implementation of a RRS.31,67–70 Single-center, non-

randomized, before-after trials have shown improved outcomes.37,71–76 Despite the mixed 

evidence, they have been implemented across the world, with countries such as the United 

Kingdom, Australia, and the Netherlands mandating their implementation.5,19,72 In the United 

States RRSs have been widely implemented to 3700 hospitals through the Institute for 

Healthcare Improvement’s 5 Million Lives Campaign. Because of these systems are now a part 

of the hospital landscape in many hospitals worldwide, steps should be taken to understand the 

processes behind their use as well as barriers within them that may be reducing clinical 

effectiveness. 

RRSs are not a standardized intervention, and as a systematic intervention should be 

evaluated as such. Characteristics of RRSs vary greatly between studies and implementation 

sites.37,72,77–79 There is no agreed upon method as the gold standard for the afferent limb, with 

most countries with the exception of the United Kingdom and Ireland favouring the using of 

single parameter systems.39,43 Composition of the teams vary with some teams in the United 

States utilizing nurse or respiratory therapist led teams, whereas Australian, Canadian and New 

Zealand teams tend to favour the typical critical care physician led team. 37,78,80–83 Given the 

diversity of implementation it is unsurprising that reports of effectiveness vary between settings. 

Factors surrounding RRSs use and barriers potentially contributing to results showing decreased 

effectiveness should be investigated. 
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1.5 A Hospital without Code Blues: Rapid Response System at Hamilton 

Health Sciences 

Hamilton Health Sciences (HHS) has had a physician led RRT in place at one of its tertiary 

academic medical centers since 2004. This was later expanded to a RRS with the introduction of 

the MEWS which was adapted to the Hamilton Early Warning Score. Multiple studies have been 

conducted and are in progress regarding the RRS at HHS, showing the benefits experienced 

through the implementation of both the RRT and EWS.55,81,82,84 

In 2016, a partnership between IBM Canada and HHS was announced under the Hospital 

without Code Blue initiative, aimed at combining machine learning through Watson and 

technology with the RRS currently in place to improve patient safety. Part of this initiative was 

aimed at reducing the current inefficiencies within the RRS process, namely the interface 

between human and technological components of the afferent limb. Currently it is not 

uncommon for nursing staff to take vital signs from patients, record them on paper and then 

batch enter them to the electronic health record later, with delays between recording and entry 

potentially reaching four hours. As stated before, early recognition and response is critical to 

improving patient outcomes, with delays the process found to increase patient mortality.25,26 One 

of the projects under this initiative is the piloting of a handheld device to allow for bedside 

recording of vital signs by nursing staff, as well as automated real time alerts to the RRT if 

activation criteria is met. This thesis was conducted as part of this initiative to establish a 

benchmark of what current response times for rapid response activations at HHS are, as well as 

to determine the effect delayed activation has on patient outcomes.  
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There currently exists a gap in literature summarizing the effect of delayed activation on 

patient outcomes. Early recognition of deterioration is a key component of the RRS process, and 

is not commonly reported on in studies regarding RRS effectiveness. Some studies have reported 

delayed activation being associated with increased patient mortality, however there is no 

consensus as to what qualifies as a delayed activation and the factors surrounding delayed 

activation are unclear. This thesis aims to address this gap, through review of the literature as 

well as a study of the current state of the RRS in place at HHS. 

1.6 Outline of Thesis 

This thesis describes the current state of RRTs and how systematic issues may be hampering 

their clinical effectiveness. It is a sandwich-based thesis with three main papers, packaged as 

chapters 2, 3 and 4. In chapter 2, a protocol for a systematic review of current literature 

analyzing papers for the effect of delayed activation on patient mortality and morbidity is 

described. This review was designed not only to examine the relationship between timeliness of 

response and patient outcomes, but also to establish what constitutes a delayed call between 

multiple different systems. This is followed by the systematic review included in chapter 3, 

analyzing papers for the relationship between delayed activation and patient outcomes. The 

results of this review will be helpful in providing insight and evidence regarding the current state 

of RRT response times, as well as establishing that delayed calling may be detrimental to 

response system effectiveness. A retrospective review of a cohort of patients experiencing a RRT 

call is described in chapter 4 from all medical and surgical patients. In this cohort, the 

systematic manner of vital sign entry, response team activation, activation criteria, and patient 
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comorbidities were studied to determine how a delayed impacts patient mortality and morbidity, 

as well as where delays in the process can occur.  
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2 CHAPTER TWO 

STUDY 1 

TITLE: Evaluating the Effect of Delayed Activation of Rapid Response Teams on Patient 

Outcomes: A Systematic Review Protocol 

AUTHORS: Michael Xu, BHSc; Alison Fox-Robichaud MSc, MD, FRCPC; Kathleen G. 

Dobson, MSc; Lehana Thabane, PhD 

CONTEXT AND IMPLICATIONS OF THIS STUDY: This first study presents the protocol 

for a systematic review examining the association between delayed activation of rapid response 

teams and patient outcomes, namely mortality, ICU transfer, and cardiopulmonary arrest. This 

study was designed with PRISMA-P reporting guidelines in mind, and describes the 

methodology used to conduct the search strategy, data abstraction, and appraisal of risk of bias. 
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2.1 Abstract 

Background: Rapid response teams have been widely adopted across the world. Although 

evidence for their efficacy is not clear, they remain a popular means to detect and react to patient 

deterioration. This may in part be due to there being no standardized approach to their usage or 

implementation. A key component of their ability to be effective is the speed of response. 

 Objective: The objective of this review is to evaluate the effect of delayed response by rapid 

response teams on hospital mortality (primary), cardiac arrest, and intensive care transfer rates 

(secondary). 

Methods: This review will include randomized and non-randomized studies which examined the 

effect of delayed response times by rapid response teams on patient mortality, cardiac arrest, and 

intensive care unit admission rates. This review will include studies of adult patients who have 

experienced a rapid response team consultation. The search strategy will utilize a combination of 

keywords and MeSH terms. MEDLINE and Embase will be searched, as well as examining grey 

literature. Two reviewers will independently screen retrieved citations to determine if they meet 

inclusion criteria. Studies will be selected that provide information about time factors or the 

impact of response time on patient outcomes. 

Comparisons will be made between consults that arrive in a timely manner and consults that are 

delayed. Quality assessment of randomized studies will be conducted in accordance with 

guidelines from the Cochrane Handbook for Systematic Reviews of Interventions. Quality 

assessment of non-randomized studies will be based on the Risk of Bias in Non-randomized 

Studies-of Interventions (ROBINS-I) assessment tool. Results of the review will be reported 

according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
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guidelines. This review has been registered with the PROSPERO International Prospective 

Register of Systematic Reviews (PROSPERO CRD 42017071842) 

Discussion: This systematic review will identify and synthesize evidence around the impact of 

delayed response by rapid response teams on patient mortality, cardiac arrest, and intensive care 

transfer rates. 
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2.2 Background 

Patients exhibit physiological deterioration prior to cardiac arrest.1–4 Rapid response systems 

are designed to detect this physiological deterioration and activate a critical care response to the 

bedside to assess and intervene.5,6 Rapid response systems operate with an afferent arm, an early 

warning score or trigger mechanism; and an efferent arm, a rapid response team. In recent years, 

rapid response systems have been adopted globally with multiple nations mandating their use in 

major hospitals.7–10 

Current evidence is mixed as to the effectiveness of rapid response systems at the reduction 

of patient mortality, with most evidence suggesting some effect at reducing cardiac arrest 

rates.4,11–13 Several single center studies have found improved outcomes with rapid response 

system implementation; however, the only multicenter randomized control trial and meta-

analysis to-date have not found strong evidence to support the effectiveness of rapid response 

systems2,3. In many of these studies the quality of the rapid response system as a systematic 

intervention itself has not been evaluated.14–17 Previous reviews of rapid response systems have 

treated rapid response systems as if they were of equal quality and had comparable operating 

procedures.2,14,16,18 Few studies have reported on the response times of their efferent arms, and 

how this may impact patient outcomes.13  

The timely identification and response to critical deterioration in patients is key to the 

effectiveness of a rapid response system at decreasing patient mortality, ICU admissions, and 

cardiac arrest rates.19 Some studies have suggested that a delay between identification of 
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deterioration and the rapid response team arriving is associated with a higher mortality.20,21 In 

addition, there currently exists no standardized guideline as to what constitutes a delayed 

activation of the rapid response system. 

2.3 Objectives 

The primary objective of this systematic review is to identify and critically assess the existing 

literature assessing the effect of delayed activation of rapid response teams on hospital mortality 

among in hospital patients. The secondary objective is to assess the effect of delayed activation 

of rapid response teams on cardiac arrests and ICU transfers. This will be conducted by 

examining the association between increased response times and mortality, ICU transfers, or 

cardiac arrest.  

The secondary objective is to evaluate these studies for what they define as a delayed 

activation of a rapid response team, how rapid response teams are triggered, and if identifiable, 

where potential delays may occur in the activation process. The review will be reported 

according to the Preferred Report Items for Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines.22 

2.4 Methods 

This systematic review protocol has been designed with the PRISMA-P guidelines for 

reporting systematic reviews in mind.22 This review has been registered with the PROSPERO 

International Prospective Register of Systematic Reviews (PROSPERO CRD 42017071842). 
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2.4.1 Eligibility Criteria 

Included studies examined populations of adult (≥ 18 years) patients that experienced a rapid 

response or medical emergency team call. 

Studies assessing the effect of time factors, delayed activation, or response teams of rapid 

response teams or medical emergency teams will be considered for inclusion. These studies will 

be included if there are clear outlined criteria for what calling criteria would be for the activation 

of these teams, without any limitation on the afferent or triggering system. Studies must give 

reference to what constitutes a delayed or early call, or examine the relationship between 

response time and patient outcomes for inclusion. Studies must include a control group. 

Outcomes of interest are defined as of the following critical events: patient mortality, cardiac 

arrest, and ICU admission. There is no minimum number or percentage of patients that 

experience these outcomes needed for inclusion in this review. No exclusions will be placed on 

country; studies must be published in English.  

Studies will be excluded if they meet any of the following criteria: do not report on patient 

outcomes following the arrival of a rapid response team; do not describe the criteria or methods 

for the activation of a rapid response team; do not report on quantitative data regarding the 

delayed activation (i.e. measures of association), or the length of delay; and/or are editorials or 

commentaries. 

2.4.2 Search Strategy 

The search strategy aims to find both published literature as well as any potential grey 

literature. A three-step strategy will be utilized in this review. Initially, a limited search of the 

MEDLINE database will be undertaken to determine keywords of interest that may be used in 
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the title, abstract and indexing of relevant literature. A draft of the search strategy for MEDLINE 

can be found in Appendix 1. Following this a second search using keywords identified 

previously will be undertaken across MEDLINE, Cochrane, and CINAHL. Additionally, 

reference lists of known key studies will be screened. A PRISMA flow chart will illustrate the 

study selection process, and reasons for exclusion. 

2.4.3 Data Abstraction 

Data abstraction will be conducted by one reviewer and checked by a second reviewer. Data 

extracted will be entered into a spreadsheet. The following data items will be abstracted when 

available: (i) study identification items (first author, year of publication), (ii) study design 

characteristics (intervention, calling criteria for rapid response team, sample size, control group, 

defined time for delayed activation, duration of data collection), (iii) target population, (iv) 

setting (nationality, healthcare environment, maturity of response team), and (v) clinical 

outcomes (cardiac arrest, ICU admission, mortality). 

2.4.4 Risk of Bias/Quality Assessment 

In order to assess the quality of research, two independent reviewers (MX, KD) will assess 

the risk of bias using the Cochrane Collaboration’s tool for assessing risk of bias in RCTs, as 

well as the ROBINS-I assessment tool for non-RCT studies23,24. Each study will be assessed for 

procedures specified in their respective appropriate tool. Studies will be rated as showing a 

“low”, “moderate”, or “high” risk of bias according to criteria specified in each tool.  

2.4.5 Data Synthesis 

Given the anticipated paucity of literature, published or otherwise on this topic, this 

systematic review is intended to be exploratory, inclusive, and descriptive in nature. As the 
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primary objective of this review is to identify and appraise literature regarding the delayed 

activation of rapid response systems, pooling or meta-analysis are not of interest. 

2.5 Discussion 

This systematic review will add to previous research on rapid response systems by 

synthesizing, summarizing, and discussing the existing literature on the effect that delayed 

activation of the rapid response team has on patient outcomes. To the authors’ knowledge this is 

the first systematic review to specifically examine the impact that delayed activation has. Prior 

systematic reviews have evaluated rapid response systems or rapid response teams as 

interventions, but none have evaluated the effect of quality of these systems as an intervention 

and how degradation of their effectiveness impacts patient outcomes. The proposed review will 

provide a valuable overview and synthesis of a potential area for improvement and discussion 

regarding rapid response systems and their use. 

The proposed review will go beyond summarizing the existing evidence, by also looking at 

factors listed contributing to delays in activation. In this way, areas needing further study can be 

identified, and potential poor practices in the deployment of these systems can be highlighted. 

Rapid response systems possess high face validity for being an effective systematic 

intervention for the early detection and management of critical deterioration in patients; 

however, the literature has provided mixed evidence for this effect. Given that these systems rely 

on rapid response, it is surprising that there is little literature regarding how to best implement 

and use these systems, especially with respect to response times. With the rapid adoption of these 

systems, it is crucial to determine how increased response times may degrade the effectiveness of 
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rapid response systems at improving patient outcomes. The proposed review is urgently needed 

and will substantially add to the current evidence, helping to shape and guide future practice 

regarding rapid response systems. 
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2.7 Appendix 

Database: OVID Medline Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid 

MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present 

Search Strategy: 

-------------------------------------------------------------------------------- 

1     Time Factors/ (1123557) 

2     Time-to-Treatment/ (3064) 

3     (earl* or delay*).mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier, synonyms] (1975376) 

4     1 or 2 or 3 (2920012) 

5     rapid response team*.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier, synonyms] (956) 

6     rapid response system*.mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, keyword heading word, protocol supplementary concept word, rare 

disease supplementary concept word, unique identifier, synonyms] (322) 

7     medical emergency team*.mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, keyword heading word, protocol supplementary concept word, rare 

disease supplementary concept word, unique identifier, synonyms] (510) 

8     critical care outreach team*.mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, keyword heading word, protocol supplementary concept word, rare 

disease supplementary concept word, unique identifier, synonyms] (32) 

9     Hospital Rapid Response Team.mp. or Hospital Rapid Response Team/ (594) 

10     5 or 6 or 7 or 8 or 9 (1451) 

11     4 and 10 (507) 

 

***************************  
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3 CHAPTER THREE 

STUDY 2 

TITLE: Evaluating the Effect of Delayed Activation of Rapid Response Teams on Patient 

Outcomes: A Systematic Review 

AUTHORS Michael Xu, BHSc; Kathleen G. Dobson, MSc; Alison Fox-Robichaud, MSc, MD, 

FRCPC; Lehana Thabane, PhD 

CONTEXT AND IMPLICATIONS OF THIS STUDY: Study 2 of this thesis presents the 

results of a systematic review conducted examining the effect of delayed activation of rapid 

response teams on patient outcomes, specifically mortality, ICU transfer, and cardiopulmonary 

arrest. This study identifies nine prior studies that have examined the association between 

delayed activations and the outcomes of interest, and their reported measures of association. 

Little consistency was found between studies on their definition of what constitutes a delayed 

call, though all studies found that delayed activation was significantly associated with increased 

mortality, both in-hospital and 30-day. The findings of this study indicate that delayed activation 

potentially has a detrimental effect on the ability of rapid response teams to prevent failure to 

rescue events. 

ACKNOWLEDGEMENTS: This work was supported by an Ontario Graduate Fellowship 

CONFLICTS OF INTEREST: None 
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3.1 Abstract 

Introduction: Delays in activation of rapid response teams (RRTs) have been identified as a 

potential factor in the decreased effectiveness of RRTs. The objective of this systematic review 

was to identify and critically evaluate literature regarding the association between delayed 

activation of RRTs and patient mortality, cardiac arrest, or ICU transfer. 

Methods: We conducted a systematic review of studies published from Jan 1, 1950 to July 1, 

2017 using the Cochrane registry, CINAHL, EMBASE, and MEDLINE. Eligible studies 

examined the association between delayed activation of RRTs and outcomes of interest. A 

qualitative narrative synthesis was conducted. Data abstraction was conducted by two 

independent reviewers, screen was conducted by one reviewer and checked by a second. Studies 

were assessed for risk of bias using the ROBINS-I tool. This review has been registered with the 

PROSPERO International Prospective Register of Systematic Reviews (PROSPERO CRD 

42017071842). 

Results: Nine studies were included in this systematic review, all reported a significant 

association between delayed activation of RRTs and increased patient mortality. Few studies 

examined relationship between delayed calls and ICU admission or cardiac arrest. Delayed 

calling was reported to be associated with increased odds of ICU admission, but no statistically 

significant association was found for cardiac arrest. Studies were inconsistent regarding 

definitions of length of delay to qualify as a delayed activation. All studies reported that failures 

to recognize deteriorating patients, or afferent limb failure were significant factors in increased 

delays between deterioration and activation. In a follow-up study included, maturation of the 

RRT led to significantly decreased response times and patient mortality rates. 



  

  MSc Thesis – Michael K Xu; 

 McMaster University – Health Research Methodology 

  

 28 

Conclusion: There exist multiple definitions of what constitutes delayed activation of a RRT. 

Delays in activation of RRTs are associated with increased patient mortality, as well as the odds 

of ICU admissions. These delays decrease the effectiveness of RRSs at reducing hospital 

mortality. 
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3.2 Introduction 

Rapid response systems (RRSs) were created as a patient safety strategy to recognize and 

respond to patient deterioration on general hospital wards.1,2 Their aim was to reduce rates of 

cardiac arrest, preventable admissions to the intensive care unit (ICU), and hospital mortality.3 A 

RRS is comprised of two clinical arms: the afferent and efferent limbs. The afferent limb is the 

mechanism for the detection and recognition of a deteriorating patient, activation of this limb 

usually occurs through the monitoring of vital signs or by concern expressed by frontline clinical 

staff.4,5 The afferent limb can be classified as either a single parameter trigger mechanism, or a 

weighted aggregate scoring system using multiple parameters.6–9 Both are commonly used, with 

the single parameter system being more popular due to the simplicity and avoidance of 

miscalculation errors. Activation of the afferent limb triggers a response by the efferent limb. 

The efferent limb is comprised of a response team, usually consisting of an ICU trained 

physician, ICU nurse, and respiratory therapist.3 Team composition can vary based on setting of 

the RRS, to include nurse led teams or teams including other healthcare professionals such as 

pharmacists.10–12 The response team is designed to provide critical care expertise prior to the 

patient experiencing an event that may necessitate an escalation of care to the ICU.1,5  

RRSs have been implemented by many hospitals to address failure to rescue events and 

decrease patient mortality on general wards.4,13,14 Despite the rapid adoption by hospitals 

worldwide, the evidence surrounding the effectiveness of RRTs is controversial. The five single 

center before-and-after comparisons, which prompted their adoption, showed a reduction in the 

rate of cardiac arrests.15–19 However, the Medical Early Response Intervention and Therapy 

(MERIT), which is the only major cluster randomized control trial examining RRTs to date, 
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failed to demonstrate a benefit.20 Two meta-analyses and multiple observational studies since 

have provided mixed results regarding the benefits of implementation.1,4,14,21–25 Despite this 

mixed evidence, RRSs have been adopted internationally, with some national governments 

mandating their adoption and single centers implementing response systems.4,14,26–28 As an 

intervention and a public safety strategy, they have high face validity, so why has the evidence 

been so mixed? 

RRSs and their teams are a complex systematic intervention, with no set standards regarding 

their implementation or reporting of efficacy results. They take many different forms, with some 

favoring single parameter activation criteria, and others aggregating parameters into early 

warning scores such as the National Early Warning Score (NEWS).6,9,13,27,29–32 A recent editorial 

by Danesh & Jimenez highlighted an issue within the studies examining the effectiveness of 

RRSs: the structure and processes of rapid responses can vary greatly between hospitals, limiting 

the ability to compare or pool results.33 The key issue discussed in this editorial was delayed 

activation of RRTs and its effect on patient outcomes.  

There have been few studies examining this relationship, the most notable of which was a 

retrospective analysis of the MERIT trial.34 In this, it was found that response times >15 minutes 

were common and that these were associated with an increased risk of death.34 Delayed 

activations are not an uncommon phenomenon, with multiple studies reporting their occurrence 

but few examining the association. 

Delayed activation of RRTs may be associated with patient mortality, thus affecting the 

effectiveness of RRS. There is also currently a lack of consensus among studies regarding what 
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constitutes a delayed activation of the response system. This systematic review was conducted to 

address both these gaps in literature by reporting on the present state of evidence for the effect of 

delays on RRS effectiveness. 

3.3 Methods 

MEDLINE, CINAHL, and the Cochrane Central Register of Controlled Trials were searched 

from January 1, 1950 to July 1, 2017. Keywords and MeSH terms relating to RRTs as well as 

time factors were used to identify studies of interest. A protocol for this process has been 

detailed in a prior paper, reported in Chapter 2. This review has been register with the 

PROSPERO International Prospective Register of Systematic Reviews (PROSPERO CRD 

42017071842). Articles were restricted to studies that used a MET, RRT, or critical care 

outreach team; had a comparison/control group; and examined time factors relating to response 

team activation. Outcomes of interest were patient mortality, ICU admission, and cardiac arrest. 

Studies included could have qualitative components, but must have reported quantitative 

measures (measures of association) regarding the possible association between delayed calling 

and outcomes of interest. There were no geographic exclusions, studies must be published in 

English. 

One reviewer screened all abstracts (MX), full articles identified for possible inclusion were 

screened by one reviewer (MX) and checked by a second reviewer (KD). A data abstraction form 

was developed, informed by published methodological standards and checklists. Data abstraction 

was done by two independent reviewers. Patient demographics, study outcomes, characteristics 

of the study, and the setting of the RRT were abstracted.  
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Studies that met inclusion criteria were evaluated for quality. The quality of studies was 

assessed using the ROBINS-I assessment tool for non-randomized control trial studies.35 Studies 

were assessed by two independent reviewers, with consensus being reached if there were 

different assessments.  

A quantitative synthesis of included studies was not conducted as there was insufficient 

number of studies that provided complete data regarding patient numbers and outcomes, as well 

there was no consistent definition between studies regarding the length of time to qualify as a 

delayed activation. The evidence was combined and summarized using a narrative synthesis.  

3.4 Results 

Search results are shown in the PRISMA flowchart show in Figure 3-1. The search strategy 

identified 841 relevant citations from CINAHL, Cochrane, EMBASE, and MEDLINE. From the 

841 total records identified, 209 were duplications. A total of 18 citations were selected for full 

review based on inclusion criteria, and 9 were excluded after full text screening.25,34,36–42 The 

majority of the studies were single center observational studies, with one multicenter 

observational and one being a retrospective analysis of a multicenter cluster randomized control 

trial.34  
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Figure 3-1 PRISMA Flowsheet detailing search process and results 

 

Studies took place in Australia, Brazil, the United Kingdom, and the United States. Most 

studies were conducted in teaching hospitals. All studies reported on some form of mortality, 

only two studies reported on ICU admission as an outcome34,41, and of those studies, only one 

reported on cardiac arrest as an outcome as well34. Some studies reported on variations of 

mortality, such as in-hospital mortality, 30-day mortality, and six-month survival.34,37,38,40,43 

Table 3-1 provides the characteristics reported of the nine included studies

Records identified through database 

searching 

(n = 760) 

Additional records identified 

through other sources 

(n = 81) 

Records after duplicates removed 

(n = 632) 

Records screened 

(n = 632) 

Records excluded on title/abstract 

(n = 614) 

Full-text articles assessed 

for eligibility 

(n = 18) 

Full-text articles excluded (n = 9) 

 

▪ 3 Did not assess length of 

delay 

▪ 1 Did not evaluate outcomes 

of interest 

▪ 1 Duplicate population/Not 

original data 

▪ 4 No assessment of 

comparison with outcomes 

 

Studies included in 

qualitative synthesis 

(n = 9) 
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Table 3-1. Characteristics of Included Studies 

Author, 

Year 

Age Group/ 

Study Design 

Sites, No./ 

Type of 

Hospital/ 

Country 

Composition of 

Response Team 

Sample 

Size/ 

Delayed 

No. 

RRT Start Date Study Definition of Delay Study Risk of 

Bias 

Barwise et 

al., 201636 

Adult/ 

Observational 

2/Tertiary/ 

United States 

Physician led, critical 

care fellow, respiratory 

therapist, ICU nurse 

1752/ 

977 

Mar 2007 > 60 minute delay in calling for 

RRT following qualifying 

abnormal vital sign 

Low 

Chen et al., 

201534 

Adult/RCT 23/Mixed/ 

Australia 

NR 3135/ 

947 

NR Call occurring > 15 minutes RRT 

calling criterion 

Low 

Lee et al.,   

201538 

Adult/ 

Observational 

1/Tertiary/ 

South Korea 

NR 525/ 

304 

NR MET arrival > 1.5 hours 

following MET activation criteria 

Low 

Boniatti et 

al., 201437 

Adult/ 

Observational 

1/Tertiary/ 

Brazil 

Physician led, senior 

intensivist and 

intensivists 

1148/ 

246 

Oct 2006 MET call occurring 0.5-24 hours 

following MET activation criteria 

Moderate 

Tirkkonen 

et al., 

201339 

Adult/ 

Observational 

1/Tertiary/ 

Finland 

ICU physician, two 

ICU nurses 

428/ 

114 

Jan 2009 MET call occurring 20-360 

minutes following MET criterion 

Moderate 

Pattison et 

al.,  201140 

Adult/ 

Observational 

1/Tertiary/ 

United 

Kingdom 

Critical care nurses 312/ 

NR 

 

NR Patient with a MEWS >3 in 

previous 72 hrs without activation 

of CCOT 

Moderate 

Calzavacca 

et al.,  

201041 

Adult/ 

Observational 

1/Tertiary/ 

Australia 

ICU fellow and ICU 

nurse 

600/ 

205 

Sep 2000 MET criterion documented 1 hour 

prior to activation 

Low 

Downey et 

al.,  200843 

Adult/ 

Observational 

1/Tertiary/ 

Australia 

ICU fellow and ICU 

nurse 

200/ 

59 

Sep 2000 >30 minutes between MET call 

and first MET criterion 

documented 

Low 

Calzavacca 

et al., 

200842 

Adult/ 

Observational 

1/Tertiary/ 

Australia 

ICU fellow and ICU 

nurse 

251/ 

52 

NR MET criterion documented 1 hour 

prior to activation 

Moderate 

Abbreviations: ICU, intensive care unit; MET, medical emergency team, NR, not recorded; RRT, rapid response team 
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The risk of bias for studies were rated as low to moderate risk. No studies conducted a blind 

outcome assessment: this was not an issue of concern for studies examining mortality as their 

sole outcome. However, for studies with additional outcomes, such as cardiac arrest or 

unplanned ICU admissions, these outcomes can be defined in multiple ways and their assessment 

may be subject to bias. Most studies adjusted for potential confounders in their analysis if odds 

ratios were reported. 

Maturity of the RRT varied across studies, with those set in Australia tending to be more 

mature. As a follow-up to their previous study, Calzavacca et al. in their studies showed that as 

the program matured, there was a reduction in RRT activation delay from 12 hours to 9 hours 

and the number of unplanned ICU admissions from 31.3% of patients to 17.3%. 41 The authors 

also highlighted in the discussion their use of a continuing medical education program, and the 

importance of it at improving RRT efficacy.41 Hospitals with a RRT in the MERIT study showed 

a decrease in proportion of delayed calls, compared to hospitals with the conventional cardiac 

arrest teams (29% vs 34.5% weekly rate, p = 0.023).34 

Definitions of what constituted a delayed activation of the RRT varied between studies from 

activation criterion being documented 15 minutes to activation, up to 72 hours prior.34,40 In 

addition, RRT activation criteria varied between studies as well, with all except one utilizing a 

single parameter scoring system. Only the by Pattison et al, was found to have used an aggregate 

weighted scoring system as the activation criteria for their RRT.40
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Table 3-2 . Outcome measure extraction summary of included studies 

Author,  

Year 

Delayed 

Activation No. 

 

Timely 

Activation No. 

 

Outcome 

Measures 

In-Hospital 

Mortality OR 

(95% CI) 

30-day 

Mortality OR 

(95% CI) 

Unanticipated 

ICU 

Admission 

OR (95% CI) 

Cardiac 

Arrest OR 

(95% CI) 

Barwise et al., 

201636 

977 748 30 day/In-

hospital 

mortalities  

1.60  

(1.15, 2.23) 

1.41 

(1.07, 1.88) 

NR NR 

Chen et al., 

201534 

947 2188 In-hospital 

mortality, 

unanticipated 

admission to 

ICU, cardiac 

arrest 

1.67 

(1.27-2.17) 

NR 1.56 

(1.23-2.04) 

1.01 

(0.75-1.33) 

Lee et al.,   

201538 

304 221 30 day/ 

In-hospital/ 

6 month/ 

1 year mortalities 

NR NR NR NR 

Boniatti et al., 

201437 

246 902 30 day mortality NR 1.47 

(1.20,1.79) 

NR NR 

Tirkkonen et al., 

201339 

114 314 In-hospital 

mortality 

1.67 

(1.02, 2.72) 

NR NR NR 

Pattison et al.,  

201140 

NR NR In-hospital/3-6 

month mortalities 

NR NR NR NR 

Calzavacca et 

al.,  201041 

205 395 Unplanned ICU 

admission, in-

hospital mortality 

2.18 

(1.42, 3.33) 

NR 1.79 

(1.19, 2.68) 

NR 

Downey et al.,  

200843 

59 141 30 day mortality NR 3.2 

(1.4, 7.2) 

NR NR 

Calzavacca et 

al., 

200842 

52 199 In-hospital 

mortality 

2.53 

(1.20, 5.31) 

NR NR NR 

Abbreviations: CI, confidence interval; ICU, intensive care unit; NR, not recorded; OR, odds ratio 
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Across all included studies, delayed activation was found to be significantly associated with 

or predictive of patient mortality; patients with a delayed activation had increased odds of in-

hospital mortality and 30-day mortality. 34,36–43 Summarized results of the effects of delayed 

activation are shown in Table 3-2. Despite varying activation criteria and definitions of delayed 

activation, delayed activation was shown to be a significantly associated with hospital mortality 

in all studies. The three most recent studies using in-hospital mortality as an outcome all showed 

similar odds ratios 1.60-1.67.34,36,38 Two studies did not report on measures of association 

between delayed activation and in-hospital or 30-day mortality, both reported significantly 

higher mortality rates in the delayed activation group.38,40 Of the included studies, Barwise et al 

was the only study to report a dose-response between length of delay of activation and the 

outcomes of patients with the odds of both hospital mortality and 30-day mortality increasing 

with the length of delay.36 

Only two studies reported the association between ICU admission and delayed activation; 

both defined ICU admission as admissions that were unanticipated in the patient’s course 

through hospital.34,41 The MERIT study by Chen et al. found that delayed calls were associated 

with increased odds of ICU admission (OR = 1.56; 95% CI 1.23-2.04; p < 0.001), this 

association was also reported by Calzavacca et al. (OR = 1.79; 95% CI 1.33-2.93; p = 0.003).34,41 

Chen et al. was the only study to report on associations with cardiac arrest. In their analysis 

delayed calls were not associated with cardiac arrest after adjustment (OR = 1.01; 95% CI 0.75-

1.33; p = 0.98).34 
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Tirkkonen et al. and Pattison et al. reported on factors surrounding a delayed activation, both 

stressed the importance of education of staff as a method of reducing delayed activation.39,40 

Qualitative reports from Pattison et al. indicated that barriers to recognition and referral stemmed 

from misjudgment of patient condition, as well as workload factors with busyness being a 

potential factor contributing to untimely referrals.40 Nursing staff reported that more often 

deterioration was subtle and noticing the changes in condition was difficult given time 

constraints, until the patient was clearly unwell.40 Tirkkonen et al. reported similar findings, with 

clinical staff not recognizing changes in deterioration as abnormal and having a greater tolerance 

for vital sign deviation.39 Vital sign documentation in this study was noted to be poor, with some 

patients having no documented vitals in the six hours preceding the activation.39 Interestingly it 

was noted that delayed activation still occurred on beds with automatic monitoring, with delayed 

activation occurring twice as often in these beds as non-monitored beds.39 Both studies noted that 

delayed activation resulted from a failure to recognize deterioration, and accepting that vital sign 

change was normal, rather than a failure to respond by the efferent limb.39,40 

3.5 Discussion 

This is the first systematic review of the literature on delayed activation of RRSs on patient 

outcomes. All studies concluded that increases in response times and subsequent delayed 

recognition and response to deteriorating patients increase the odds of mortality and decrease 

effectiveness of RRSs. Increasing duration of delays are also associated with increased odds of 

mortality. Early recognition of patient deterioration is desirable and key to reduce incidence of 

serious adverse events, as highlighted in a previous post-hoc analysis of the MERIT study by 

Chen et al.44 Failures and delays in recognition were identified as key factors contributing to 
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delays in activation. Calzavacca et al. have shown that with increased maturity of the response 

system, there is a decrease in delays.41 

This review demonstrates that evidence regarding activation times and length of activation 

delay in RRSs for adult patients is limited. While studies included reported on delays, most 

studies examining the effectiveness of RRSs do not report or factor in delays or other barriers to 

implementation in their results. This limits both the ability to draw comparisons between RRSs 

as well as the ability to evaluate the quality of each system individually. 

3.5.1 Implications of this Review 

Despite the limited number of studies identified and lack of quantitative synthesis of 

association between delayed activation and outcomes, this review has demonstrated the 

detrimental effects of delayed activation not only on patient outcomes, but also the efficacy of 

RRSs. Both for hospitals considering the implementation of a RRS, as well as those with a RRS 

minimization of the time between recognition and response is key to RRS effectiveness. Studies 

included in this review documented that delays often resulted from a failure to recognize on the 

afferent limb, and that education of the importance of calling criteria was key to reduction of 

delayed activations. The building of a culture surrounding vital signs and their importance cannot 

be overstressed, without proper education of and buy in from frontline clinical staff, the utility of 

a RRS is reduced.  

Future research should examine interventions and programs to overcome barriers to timely 

activation, whether these be technological or cultural. A need for qualitative or mixed-methods 

evaluations of the processes involved with recognition of clinical deterioration and activation of 
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the efferent arm as they relate to rapid responses exists.  In addition, further studies examining 

the effectiveness of RRSs should report on characteristics surrounding their RRS that may be 

influencing the effectiveness, such as response times. The lack of definition as to what qualifies 

as a delayed activation highlights a need for consensus regarding a benchmark for what timely 

activations should be. 

3.5.2 Limitations of this Review 

Review level limitations include the limiting of the search to the English language. In 

addition, limiting the population of interest to adults only may have biased results given that 

pediatric RRTs are becoming more common and some teams may serve both populations. While 

a mixed-methods study was included, the exclusion of qualitative studies limits the ability of this 

review to address the factors underlying the processes leading up to a delayed call. The elements 

of the RRS, sample size, reporting of outcomes, classification of delayed activation, and 

activation criteria varied among studies. This inconsistency between study characteristics limits 

the ability of this review to make comparisons or synthesize results. 

3.6 Conclusions 

Previous systematic reviews and meta-analyses of RRSs as an intervention to prevent cardiac 

arrest, ICU admission, and patient mortality have suggested weak evidence for their 

effectiveness.1,21,45–48 RRSs exist as a systematic intervention, and the lack of strong evidence for 

their effectiveness may be hampered by delays with their activation. This review suggests that 

future research should focus on the processes behind the implementation and use of RRTs, as 

well as how barriers within these processes affect the effectiveness of RRSs. 
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The relative lack of studies that discuss delays within their reporting of RRS effectiveness 

highlight a need for guidelines to be established surrounding the reporting of these studies. RRSs 

operate as complex systematic intervention, with characteristics regarding their implementation 

being critical to their effectiveness. The definitions of delay vary between studies examined, 

despite this heterogeneity delayed activation was found to be associated with patient mortality. 

However, the varying definitions highlight a need to achieve consensus regarding the criteria 

evaluating the operation of a RRS.  
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3.8 Appendix 

Database: OVID Medline Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid 

MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present 

Search Strategy: 

-------------------------------------------------------------------------------- 

1     Time Factors/ (1123557) 

2     Time-to-Treatment/ (3064) 

3     (earl* or delay*).mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier, synonyms] (1975376) 

4     1 or 2 or 3 (2920012) 

5     rapid response team*.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, keyword heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier, synonyms] (956) 

6     rapid response system*.mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, keyword heading word, protocol supplementary concept word, rare 

disease supplementary concept word, unique identifier, synonyms] (322) 

7     medical emergency team*.mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, keyword heading word, protocol supplementary concept word, rare 

disease supplementary concept word, unique identifier, synonyms] (510) 

8     critical care outreach team*.mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, keyword heading word, protocol supplementary concept word, rare 

disease supplementary concept word, unique identifier, synonyms] (32) 

9     Hospital Rapid Response Team.mp. or Hospital Rapid Response Team/ (594) 

10     5 or 6 or 7 or 8 or 9 (1451) 

11     4 and 10 (507) 

 

***************************  

 

Database: Embase <1974 to 2017 July 24> 

Search Strategy: 

-------------------------------------------------------------------------------- 

1     rapid response team/ (1554) 

2     ("Medical Emergency Team" or "Critical Care Team" or "Rapid Response Team").mp. 

[mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug 

manufacturer, device trade name, keyword, floating subheading word] (2303) 

3     delay*.mp. (556429) 

4     time factor/ (13017) 

5     time to treatment/ (9008) 

6     3 or 4 or 5 (576068) 

7     1 or 2 (2303) 

8     6 and 7 (188) 

 

***************************  
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Query Limiters/Expanders Results 

S10 S8 AND S9 

Interface - EBSCOhost Research Databases  

Search Screen - Advanced Search  

Database - CINAHL 

S9 S1 OR S2 OR S3 

Interface - EBSCOhost Research Databases  

Search Screen - Advanced Search  

Database - CINAHL 

S8 S4 OR S5 OR S6 OR S7 

Interface - EBSCOhost Research Databases  

Search Screen - Advanced Search  

Database - CINAHL 

S7 "critical care outreach team" 

Interface - EBSCOhost Research Databases  

Search Screen - Advanced Search  

Database - CINAHL 

S6 "medical emergency team" 

Interface - EBSCOhost Research Databases  

Search Screen - Advanced Search  

Database - CINAHL 

S5 "rapid response system" 

Interface - EBSCOhost Research Databases  

Search Screen - Advanced Search  

Database - CINAHL 

S4 (MH "Rapid Response Team") 

Interface - EBSCOhost Research Databases  

Search Screen - Advanced Search  

Database - CINAHL 

S3 

"earl* OR delay*" OR (MH "Early 

Intervention") 

Interface - EBSCOhost Research Databases  

Search Screen - Advanced Search  

Database - CINAHL 

S2 (MH "Turnaround Time") 

Interface - EBSCOhost Research Databases  

Search Screen - Advanced Search  

Database - CINAHL 

S1 (MH "Time Factors") 

Interface - EBSCOhost Research Databases  

Search Screen - Advanced Search  

Database - CINAHL 
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4 CHAPTER FOUR 

STUDY 3 

TITLE: Delayed Rapid Response Team Activation and Associated Hospital Mortality and 

Morbidity 

AUTHORS: Michael Xu, BHSc; Jinny Lee; Andrew Kwong; Lehana Thabane, PhD; Alison 

Fox-Robichaud, MSc, MD, FRCPC 

CONTEXT AND IMPLICATIONS OF THIS STUDY: This study examines the association 

between delayed rapid response team activations and hospital mortality and morbidity; 

specifically the outcomes of in-hospital death, ICU transfer, and cardiopulmonary arrest as well 

as a composite outcome of the three. Using multi-variable logistic regression the results of this 

study suggest that delayed activation is associated and predictive of ICU transfer as well as the 

composite outcome. In addition, further analysis examining the duration of delay found an 

interesting relationship whereby the odds ratio of experiencing the composite outcome rose with 

increases in delay, but levelled off past four to eight hours. To our knowledge this is the first 

study examining the association of delayed activation and patient outcomes in the context of a 

rapid response system using an electronic early warning score as part of the activation criteria. 
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with chart review and data abstraction, as well as Bill Butler for the downloads of patient records 

from the electronic medical record. 
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4.1 Abstract 

Background: Rapid response teams (RRT) have high face validity as an intervention to reduce 

mortality and increase quality of patient care. Delayed activation of RRTs may decrease efficacy 

of these interventions and contribute to conflicting literature on their use. 

Objective: To determine the association between delayed RRT activation and a composite 

outcome of death, cardiopulmonary arrest, and intensive care unit (ICU) admission 

Design: Retrospective observational cohort study of rapid response team activations in 2016 

Setting: Tertiary Academic Hospital 

Patients: All adult (≥18 years) patients experiencing a RRT call as a result of afferent arm 

activation. Vital sign data were abstracted from the electronic medical record for 24 hours prior 

to response team activation, and patient data from individual patient records. Patients were 

considered to have a delayed RRT activation if more than one hour passed between the 

occurrence of an abnormal vital set that met potential afferent arm activation and RRT arrival at 

bedside. 

Analysis Methods: Multivariate logistic regression was used to examine the association between 

delayed activation and patient outcomes, a stepwise process was used to select variables for 

inclusion in the model. 

Interventions: None. 

Measurements and Main Results: A total of 435 RRT activations for 435 patients were 

included in the analysis. 75% of RRT activations met the definition of a delayed RRT activation. 
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Delayed activations were more likely to occur when related to early warning score criteria than 

the “worried” criterion. In both delay and no-delay groups, common reasons for activation were 

related to heart rate, systolic blood pressure and respiratory rate. The delayed group had more 

ICU transfers (34% vs 23%; adjusted odds ratio [OR], 1.96; 95% confidence interval [CI]:1.16, 

3.32; p = 0.01) and events in the form of a composite outcome of mortality, ICU transfer, and 

cardiopulmonary arrest (49% vs 32%; adjusted OR, 2.27; 95% CI: 1.33, 3.65; p <0.001). 

Conclusions: Delays in RRT activation are a common occurrence and are associated with 

greater odds of experiencing an ICU transfer or the composite outcome. 
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4.2 Introduction 

Serious adverse events, and patient clinical deterioration leading to a failure to rescue are 

often preceded by a period of deteriorating vital signs.1–3 This period provides an opportunity for 

early intervention to assess the condition of the patient as well as provide critical care prior to the 

need for escalation of care.4,5 Rapid response systems (RRSs) and their respective rapid response 

teams (RRTs) were developed as a strategy to utilize the potential for early recognition and 

response to prevent a failure to rescue. There are two key components to the RRS: 1) the afferent 

arm, a means to recognize the deteriorating patient, and 2) the efferent arm, an experienced and 

well-equipped team to assess and manage the deteriorating patient in a timely manner. 6–8 

The afferent arm can be classified into types: single parameter activation criteria and multiple 

parameter weighted aggregate scoring systems, commonly known as early warning scores 

(EWS).9 Composition of the efferent arm varies between teams, but it is typically led by an 

intensive care unit (ICU) physician and staffed with ICU nurses. The implementation of RRSs 

has ranged from the single hospital level to nation-wide given government mandated use.10–13 

Despite this push to implement, the evidence regarding their effectiveness remains divided. 

While several single center studies found improved outcomes, the only major cluster randomized 

control trial and several systematic reviews have reported little to no evidence supporting such a 

benefit.6,14–16 

Delays within the RRS process and activation of the RRT have been documented, and may 

be a contributor to decreased efficacy of RRSs. Prior studies have suggested and reported that a 

delay between identification of signs of clinical deterioration and activation of the RRT, is 

associated with increased odds of mortality and ICU admission. These prior studies all relied on 
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single parameter activation criteria, and to date no study has examined the impact of delays in a 

RRS using an electronic EWS. 17–20 

The primary aim of this study was to examine the association between delayed RRT 

activation and a composite outcome of in-hospital mortality, ICU admission, and 

cardiopulmonary arrest. Secondary aims of the study were to examine where delays in the 

activation process occur, and perform exploratory analysis on factors potentially related to 

delayed activation. For the purpose of this study, delayed activation of RRTs was defined as any 

activation exceeding a 1-hour gap between the first recorded abnormal vital sign that either 

activated the RRT or met activation criteria.  

4.3 Methods 

4.3.1 Setting and Study Design 

A retrospective single center observational cohort study was conducted at the Hamilton 

General Hospital, Hamilton, Ontario. Hamilton General Hospital is an academic tertiary hospital 

that is also the designed trauma center for the region with over 600 beds, and 13,254 admissions 

per year. The RRT call logbook was used to identify all patients who had a RRT consult between 

January 1st to September 30th, 2016. This study was conducted to examine the current state of the 

RRS in place, and to establish the baseline for response times as part of a larger “Hospital 

without Code Blues” initiative by Hamilton Health Sciences in partnership with IBM Canada. 

The study protocol received ethics approval from the institutional review board.  
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The RRS has been in place for a decade, with an electronic EWS implemented hospital wide 

in 2015 and the RRT present since 2004. The team is led by an intensive care physician and is 

expected to respond within 30 minutes of being activated. The team consists of an intensive care 

physician, respiratory therapist, and intensive care unit nurse. The team has no assigned other 

responsibilities during their shift, being a dedicated RRT available 24 hours daily, 7 days a week. 

Activation of the team can occur by any member of the healthcare team responsible for a 

patient’s care via pager system. 

Table 4-1 Hamilton Early Warning Score (HEWS): Rapid Response Team Activation 

Criteria 

  3 2 1 0 1 2 3 

Heart Rate 
 

 <40  41-50 51-100 101-110   >130 

Systolic Blood 

Pressure 

<70 71-90 
 

91-170    171-

200 

 >200 

Respiratory Rate <8  8-13   14-20 
 

21-30 >30 

Temperature <35   35.1-

36 

36.1-

37.9 

38-39 >39.1   

O2 Saturation <85 85-92 
 

>92       

O2 Therapy 
 

    Room 

Air 

<5L or 

50% 

 
 >5L or 50% 

Neurological 

Status 

 
 Delirium 

(CAM) 

  Alert  Voice  Pain Unresponsive 

CAM = confusion assessment method; RRT = Rapid Response Team 

RRT activation can also occur through “worried” criterion  

HEWS > 5 mandates activation of RRT 

 

The criteria for response team activation include staff concern or worry about a patient in 

addition to measuring patient vital sign abnormality through the use of the Hamilton Warning 

Score (HEWS). HEWS (Table 4-1) was modeled from Modified Early Warning Score, with the 

addition of delirium as well as adjustment of vital thresholds. The HEWS system has a ramp up 

response, with mandated actions at various score levels. At a score of three, nursing staff must 
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increase vital sign set frequency; four requires that the resident responsible for care be made 

aware; five triggers a response requiring the notification of the RRT; and six requires that the 

attending physician caring for the patient be made aware.13,21 In addition, RRT activation can 

occur by clinical staff responsible for the care of a patient under a “worried” criterion. 

4.3.2 Data collection 

Population demographic information and clinical characteristics were collected from the 

electronic medical record (EMR) as well as from physician notes. Comorbidities of the patient 

upon admission were evaluated using the Charlson Comorbidity Index (CCI), and the severity of 

patient vital abnormality was determined using the aforementioned HEWS. Prior to data 

abstraction all data collectors were trained on a pilot set of data with a standardized operating 

protocol available for reference. Random data audits were conducted targeting the accuracy of 

study data regarding abstraction of outcomes and patient demographics. This study received 

ethics approval by an institutional review board at the hospital. 

A delayed call was classified as an arrival by the RRT occurring more than an hour in 

duration from a vital set meeting RRT activation or documentation of “worried” criterion. This 

criterion was established such that clinical staff could activate the RRT based on feelings about 

the patient without needing quantitative evidence to back the decision. The cohort was divided 

into two groups, those with a timely activation where the response team arrived within one hour 

of abnormal vital signs meeting RRT criteria (a HEWS of 5) being observed; those with a 

delayed activation having RRT arrive after one hour of abnormal vital signs meeting RRT 

criteria (a HEWS of 5) being observed. We examined the durations between multiple key points 

in the RRS activation process: vital signs being taken, vital sign entry into EMR, RRT activation, 
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RRT arrival at the bedside. For the base-case analysis, recurrent activations were excluded and 

the first RRT activation was used for each patient. Recurrent calls were excluded as it would 

have been difficult to analyze whether the current RRT activation was associated with an 

outcome, or a prior one. A sensitivity analysis was conducted using the RRT activation with the 

longest delay. 

4.3.3 Outcomes 

Outcomes of interest included in-hospital mortality, ICU admission, and cardiopulmonary 

arrest. These three were assessed both individually and as a composite outcome as well; these 

outcomes were selected as being important and used in prior studies.11,14,22 Our primary outcome 

of interest was the composite outcome, henceforth referred to as critical events, as they are 

events that RRSs aim to prevent. Patients’ courses through hospital were reviewed by examining 

physician notes as well as discharge summaries to determine final status as well as whether or 

not they experienced any critical events. 

4.3.4 Statistical Analysis 

The reporting of the study was done in accordance with the STROBE guideline. Continuous 

variables were reported as means with standard deviation, categorical variables were reported as 

counts with percentages. Student t test was used to compare continuous variables between 

groups. Chi-square test was used to compared categorical variables. The CCI, length of stay, and 

HEWS were non-normal in distribution and were reported using medians with interquartile range 

(IQR) and analyzed using the Wilcoxon rank-sum test.  

For our composite outcome as well as the individual critical events, a multivariate logistic 

regression analysis was used to assess the association between delayed activation and critical 



  

  MSc Thesis – Michael K Xu; 

 McMaster University – Health Research Methodology 

  

 55 

events. Stepwise regression was used to select potential predictors with both subtraction and 

addition of predictors. Significance was set at 0.05. We also conducted exploratory analysis 

investigating how increased delays may be associated with greater odds of critical events, using 

binomial logistic regression. This analysis was intended to be hypothesis generating only. The 

adjusted odds ratio was reported with 95% confidence intervals. R version 3.3.3 "Another 

Canoe" (The R Foundation for Statistical Computing, Vienna, Austria) was used for statistical 

analysis. 

4.4 Results 

During the study period 733 RRT calls were identified, 576 (79%) of these were identified as 

being related to patient deterioration and initiated in response to abnormal vital signs or 

“worried” criterion. (Figure 4-1) An audit of the remaining cases revealed these cases to be 

erroneously included as either follow-up of patients discharged from the ICU or RRT consults 

for procedures. 576 calls were made for 435 patients, the demographics and clinical 

characteristics of these patients are reported in Table 4-2.  
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Figure 4-1 STROBE Flowchart showing patient recruitment and exclusion 

 

Delayed RRT activation occurred in 326 patients (74.9%). The sex, age, and rates of do not 

resuscitate (DNR)/allow natural death (AND) were not statistically different between the two 

groups. Median (IQR) CCI scores and HEWS were found to not be statistically different. Vital 

sign abnormality was found to be similar between the two groups with heart rate, systolic blood 

pressure and respiratory rate being the main vitals responsible for RRT activation. 

However, 89% (289/326) of the activations in the delayed group (289/326) were related to 

HEWS trigger criteria with a score ≥ 5 versus 70% (76/109) in the no delay group (p<0.001). 

Calls not related to HEWS were categorized as activations resulting from the “worried” criterion. 

No difference was found in the timing of the calls between the two groups, nor was a significant 

difference found for the proportion of calls occur on weekends. 

  

733 Rapid Response 

Team Calls 

576 Eligible Rapid 

Response Team Calls 

157 Excluded Rapid Response 

Team calls not related to patient 

deterioration 

435 First Rapid Response 

Team Calls 

141 Recurrent Rapid Response 

Team Calls 
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Table 4-2. Baseline Characteristics of No Delay and Delay RRT Activation Groups at 

Activation 

 RRT Activation  

Characteristics No Delay (n = 109) Delay (n = 326) p     

Age (SD) 68.80 (13.7) 68.87 (16.4) 0.965 

Male/Female (%) 74/35 (67.9/32.1) 187/139 (57.4/42.6) 0.067 

DNR at admission 15 (13.8) 66 (20.2) 0.173 

CCI Score [IQR] 2 [1, 3] 2 [1, 3] 0.653 

HEWS [IQR] 5 [4, 7] 5.5 [5, 6] 0.157 

RRT activation time (%) 
  

0.562 

7:00-19:00 49 (45.0)  159 (48.8)  

19:00-7:00 60 (55.0) 167 (51.2) 
 

Weekend (%) 37 (33.9) 81 (24.8) 0.085 

HEWS ≥ 5 Call (%) 76 (69.7) 289 (88.7) <0.001 

Calling Criteria    

Heart Rate  

Score ≥ 3 (%) 

26 (23.9) 47 (14.4) 0.033 

Respiratory Rate  

Score ≥ 3 (%) 

17 (15.6) 23 (7.1) 0.013 

Systolic Blood 

Pressure  

Score ≥ 3 (%) 

13 (11.9) 64 (19.6) 0.093 

Neurological Status  

Score ≥ 3 (%) 

6 (5.5) 11 (3.4) 0.479 

O2 Delivery  

Score ≥ 3 (%) 

19 (17.4) 66 (20.2) 0.616 

Oxygen Saturation  

Score ≥ 3 (%) 

19 (17.4) 21 (6.4) 0.903 

Temperature  

Score ≥ 3 (%) 

1 (0.9) 3 (0.9) >0.999 

Vital Set  

Entry Delay (Hrs) [IQR]a 

0.60 [0.18, 1.83] 1.03 [0.20, 3.11] 0.145 

Total Delay (Hrs) [IQR] 0.68 [0.42, 0.92] 4.31 [2.00, 13.50] <0.001 

CCI = Charlson Comorbidity Index, RRT = rapid response team  

aTime between vitals being taken at bedside and entered into electronic medical record 
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4.4.1 Cohort Outcomes: 

Odds of experiencing a critical event were higher in the delayed activation group (158 

[48.5%]) compared to the no delay group (35 [32.1%]; p = 0.004). In-hospital mortality was not 

found to be significantly different between delayed activation patients (72 [22.1%]) and patients 

with timely activation (17 [15.6%]; p = 0.188). Cardiopulmonary arrests were a rare event and no 

significant difference was found between the delay (10 [2.9%]) and no delay group (4 [4.2%];p = 

0.788). The proportion of patients who were transferred to ICU was found to be higher in the 

delayed group (112 [34.4%]; p=0.035). The adjusted OR for the composite outcome was found 

to be 2.23 (1.39, 3.66; p=0.001), and for ICU transfers 1.92 (1.15, 3.29; p =0.015) (Table 4-3). 

Table 4-3 Association Between Delayed Activation and Outcomes: Univariate and Adjusted 

Odds Ratios 

Outcome, n (%) No Delay 

RRT  

Delay 

RRT  

Unadjusted 

Odds Ratio 

(95% CI) 

p Adjusted 

Odds Ratio 

(95% CI)a 

p 

ICU transfer  25 (22.9) 112 (34.4) 1.76  

(1.06, 2.90) 

0.027 1.92  

(1.15, 3.29) 

0.015 

Death  17 (15.6) 72 (22.1) 1.53 

(0.86, 2.74) 

0.148 1.58 

(0.88, 3.00) 

0.142 

Cardiopulmonary  

Arrest  

4 (3.7) 10 (3.1) 0.83 

(0.26, 2.70) 

0.758 1.35 

(0.41, 5.33) 

0.640 

Composite 

Outcome  

35 (32.1) 158 (48.5) 1.99  

(1.26, 3.14) 

<0.001 2.23  

(1.39, 3.66) 

0.001 

RRT = rapid response team 
aAdjusted for RRT call time, Charlson Comorbidity Index, HEWS for vital set, and if the activation was related to 

HEWS ≥ 5 Call 
 

4.4.2 Increased Delay Outcomes 

Delayed activation was then subdivided into subgroups of 0-1 hour, 1-4 hour, 4-8 hour, 8-12 

hour, and 12-24 hour delay duration for exploratory analysis to see whether an association exists 

between the duration of delay and outcomes. Adjusted OR for the composite outcome showed an 
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increase from 1-4 hours, 1.67 (0.98, 2.86), to 3.75 (1.82, 7.86) for a delay of 4-8 hours, this was 

followed by a decline in OR for delays greater than 8 hours. A similar trend was observed in the 

adjusted OR for ICU transfers and mortality, with the subsequent decrease in OR when 

exceeding a delay of 8 hours. (Table 4-4) 

Table 4-4. Association Between Duration of Delay for Rapid Response Team Activation 

and Outcomes 

 Length of Rapid Response Team Activation Time 

Outcome 0–1 Hr 1–4 Hr 4–8 Hr 8–12 Hr 12–24 Hr 

ICU transfer, 

n (%) 

25 (18.2) 43 (31.4) 22 (16.1) 11 (8.0) 36 (26.3) 

Adjusted OR 

(95% CI) a 

1 

(ref) 

1.34 

(0.76, 2.44) 

3.09 

(1.48, 6.54) 

2.72 

(1.07, 6.80) 

2.49 

(1.32, 4.74) 

Death, n (%) 17 (19.1) 32 (36.0) 11 (12.4) 6 (6.7) 23 (25.8) 

Adjusted OR 

(95% CI) a 

1 

(ref) 

1.42 

(0.73, 2.83) 

1.73 

(0.70, 4.18) 

1.62 

(0.51, 4.64) 

1.81 

(0.87, 3.82) 

Cardiopulmonary  

Arrest, n (%) 

4 (28.7) 7 (50.0) 1 (7.1%) 1 (7.1) 1 (7.1) 

Adjusted OR 

(95% CI) a 

1 

(ref) 

1.86 

(0.52, 7.75) 

0.90 

(0.04, 6.88) 

1.85 

(0.09, 15.2) 

0.48 

(0.02, 3.60) 

Composite 

Outcome, n (%) 

35 (18.1) 66 (34.2) 29 (15.0) 14 (7.3) 49 (25.4) 

Adjusted OR 

(95% CI) a 

1 

(ref) 

1.67 

(0.98, 2.86) 

3.75 

(1.82, 7.86) 

2.72 

(1.12, 6.70) 

2.80 

(1.53, 5.17) 
OR = odds ratio, ref = reference value 
aAdjusted for RRT call time, Charlson Comorbidity Index, HEWS for vital set, and if the activation was related 

to HEWS ≥ 5 Call 
 

4.4.3 Sensitivity Analysis 

The sensitivity analysis examined assumptions made regarding recurrent RRT activations, it 

utilized the RRT activation with the greatest delay instead of the first RRT activation. The 

analysis revealed no outcome differences following adjustments, delayed activation was still a 

significant predictor of the composite outcome and ICU admission. (Table 4-5) 
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Table 4-5. Sensitivity Analysis for Recurrent Rapid Response Team Activations 

Outcome, n (%) No Delay 

RRT 

n = 96  

Delay 

RRT 

n = 339  

Unadjusted 

Odds Ratio 

(95% CI) 

p Adjusted 

Odds Ratio 

(95% CI)a 

p 

ICU transfer  19  

(19.8) 

111 

(32.7) 

1.97 

(1.15, 3.50) 

0.016 2.10 

(1.20, 3.82) 

0.011 

Death  16  

(16.7) 

73 

(21.5) 

1.37 

(0.77, 2.56) 

0.298 1.38 

(0.75, 2.67) 

0.314 

Cardiopulmonary  

Arrest  

4 

(4.2) 

10 

(2.9) 

0.70 

(0.23, 2.60) 

0.553 0.84 

(0.26, 3.26) 

0.778 

Composite 

Outcome  

29  

(30.2) 

157 

(46.3) 

1.99 

(1.24, 3.27) 

0.005 2.10 

(1.28, 3.55) 

 

0.004 

RRT = rapid response team 
aAdjusted for RRT call time, Charlson Comorbidity Index, HEWS for vital set, and if the RRT activation was on 

a weekend 
 

4.5 Discussion 

The findings of this study demonstrate an independent association between delayed 

activation of RRTs and increased odds of ICU transfer or critical events following a RRT call. 

This finding of an association of increased ICU transfer odds has been reported in three prior 

studies examining delayed activation of RRTs, with one of those reporting similar findings of no 

significant association with in-hospital mortality.19,20,23 The increase in ICU transfers with 

delayed activations is indicative of increased patient deterioration, with potentially manageable 

deterioration under a timely activation progressing to require escalation to critical care.  

To our knowledge, this report is the first observational study examining the association 

between delayed activation and patient mortality and morbidity using an aggregate weighted 

multi-parameter activation criteria in the form of an electronic EWS. The underlying principle of 

RRSs is that early recognition and response to patient deterioration can improve patient 

outcomes.3,6 By reporting an association between longer delays and poorer patient outcomes, this 
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study in addition to several others examining the consequences of RRT activation delay support 

this principle. 17,19,24 

In our study, we performed an exploratory analysis of the association between length of 

delay and patient outcomes, and found that the odds of experiencing a critical event increased 

with the duration of the delay. The study defined a delayed activation as being a response time of 

greater than one hour based on prior studies which have used time limits from 15 minutes to 90 

minutes.17,19,20,24,25 The study authors chose one hour as it was the most common time limit, 

however study findings suggest that the critical time may be four hours when delays greatest risk 

for patient outcomes. The study authors hypothesize that the four-hour delay mark may represent 

a point at which the clinical deterioration becomes most apparent either requiring escalation of 

care or resulting in mortality. Patients proceeding beyond the four-hour point may represent 

stable critical deterioration, potentially explaining the decrease in odds ratios following this 

point. Further research is needed into the effect of increased delay, with only one other study 

examining the association and reporting similar findings about four-hours as a critical point.17  

Along with concerns regarding increased delay duration, questions are raised as to why some 

delays can exceed hours in duration. Delays caused by vital sign entry into the EMR do not 

account for delays exceeding a few hours in length. The use of an electronic EWS which 

provides the HEWS should reduce clinical decision burden, leading to prompt activation of the 

RRT. We suggest that despite the presence of an EWS, single point estimates do not provide an 

accurate picture of patient condition and that trends may be necessary to cause concern and 

activation of an RRT. The primary care team may be adopting a monitoring approach unable to 

detect subtler changes in patient condition until patient deterioration reaches a critical point. 
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Prior studies examining delays in activation have found that beds with monitoring are associated 

with greater delays, lending evidence to our suggestion.17,26 Qualitative and mixed-methods 

studies are necessary to examine the interaction between primary care staff and the RRS to 

determine where barriers to effective use exist. 

The study results indicate that certain criteria are more likely to trigger a timely RRT 

activation, namely a “worried” criterion. Delayed activations were found to have a higher 

proportion of EWS activation criterion (HEWS ≥ 5), part of this may be the increased 

complexity introduced by requiring a calculation of score compared to single-parameter 

activation. The complexity factor does not completely explain the increase in delay duration as 

noted before entry times were not as long, especially as HEWS was calculated upon vital entry. 

We suggest that primary care teams are more likely to activate the RRT immediately based on 

their intuition and the use of the “worried criteria” as opposed to an EWS, indicating a lack of 

importance placed upon vital signs. 

There are limitations to this study; this is a single center study using data collected 

retrospectively from chart review and as such is subject the quality of patient documentation 

recorded. This study reviews only nine months of data, and may not fully capture seasonal trends 

or other time related factors that may influence RRT usage. The population of interest was 

limited to patients who had a RRT activation, and excluded patients who may have met RRT 

activation criteria but never experienced an activation. In addition, it is unclear if prior to RRT 

arrival at the patient bedside if the RRT was made aware of the patient’s condition and provided 

expertise to the primary care team to attempt to intervene during clinical deterioration. It is 
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possible that RRT was made aware and instructed the primary care team to continue monitoring 

to establish a trend of deterioration prior to intervention. 

The retrospective and observational design of the study does not allow for determination of 

causality between delayed activation and increased patient mortality or morbidity. Due to the 

rare nature of cardiopulmonary events, it is difficult to capture enough events to be adequately 

powered. A subgroup for further analysis was identified, containing patients with recurrent RRT 

activations. These patients may not be representative of the general in-patient population and 

may represent a higher risk population. Studies are needed to examine both the factors leading to 

delayed activation and barriers to effective recognition and response to clinical deterioration. 

Some methods proposed include the usage of handheld vital signs entry devices or bedside 

tablets allowing for input of vitals and immediate activation of RRTs.27–29 Studies are also 

needed examining the association between length of delay and patient outcomes, exploratory 

analysis in this study revealed a possible correlation between longer delays and worse outcomes. 

However, no evidence could be provided to explain the decrease in odds past the four-hour 

delay. 

4.6 Conclusions 

In this study we found that delayed activations of the RRT were common and that delays 

were associated with increased ICU transfers as well as critical events as defined by the 

composite outcome of ICU transfer, mortality, or cardiopulmonary arrest. Increased delays may 

factor into decreasing the effectiveness of RRSs at reducing critical events. This study has 

highlighted a need for further studies to investigate factors contributing to delays and how to 

increase timely response.  
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5 CHAPTER FIVE 

5.1 Conclusions 

Rapid response systems are being implemented in many hospitals around the world and 

despite the contradictory evidence for their effectiveness, they are likely to be an intervention 

that will increasingly be adopted in the future.1–3 These systems are based on the premise that 

early recognition and response in the clinical deterioration saves lives.4 It stands to reason then 

that delayed recognition and response decreases the effectiveness of rapid response systems at 

reducing adverse events, failures to rescue, and other harmful patient outcomes. Rapid response 

systems are a complex intervention that relies on underlying processes to function. They are 

often simplified into two arms, without the discussion of how the interplay between the two can 

affect the effectiveness of the system.4 Clinical expertise is needed to respond to patients when 

they’re deteriorating, cultural change is needed to promote the importance of recognition and 

activation of a response, communication between the frontline staff and the response team is key 

whether that be through analog or digital technologies. 

 Randomized studies are preferable to establish what improvements and protocols for 

rapid response system use are beneficial in overcoming barriers, but properly conducted 

observational studies are key to identifying potential barriers in processes and their effect. These 

systems require significant initial investment upon implementation, and as such it is important to 

explore how best practice can be conducted in their use. Accordingly, this thesis examined one 

potential barrier to best practice by examining the association between delayed activation of 

rapid response teams and patient outcomes commonly associated with rapid response team use. 
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The second chapter of this thesis presented a protocol for a systematic review examining 

current literature regarding the association between delayed rapid response team activation and 

patient outcomes relating to mortality, ICU transfer, and cardiopulmonary arrest. Designed using 

PRISMA-P guidelines, we outlined the planned methodology to systematically search, abstract 

and appraise the literature.5 This protocol will be submitted to Systematic Reviews for 

publication. 

The results of this systematic review are reported in the third chapter. We present the 

current state of literature regarding the association between delayed activations and patient 

outcomes. This study found that all included studies reported that delays in activation were 

associated with an increase in mortality, both 30-day and in-hospital. In addition, studies 

examining ICU transfer and cardiopulmonary arrest, found that there was an association between 

delays and ICU transfer, but no statistically significant association was reported for 

cardiopulmonary arrest. One study examined the effect increased delay duration had on patient 

mortality and found that increases in delay were associated with increases in the odds ratio of 

mortality.6 

 

The final study of this thesis examines the association between delayed activation and 

patient outcomes at a local academic tertiary hospital through a retrospective observational 

study. Our results suggest that there is significant association between delayed activation and 

primary outcome as a composite of in-hospital mortality, ICU transfer, and cardiopulmonary 

arrest. However, when conducting multivariate logistic regression analysis for each outcome 
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individually delayed activation was significantly associated with only ICU transfers. 

Additionally, a significant association with increased odds of ICU transfer was identified as well. 

This study is the only retrospective observational study to date in which delayed activation was 

examined in the context of an electronic early warning score. Preliminary exploratory analysis 

was conducted into potential factors contributing to delayed activation. We found that while vital 

sign entry delay was a common occurrence, there was no significant difference between the 

delayed activation and no delay group. A comparison of reasons for activations found that early 

warning score related activation was significantly more common in the delay group when 

compared to the no delay group. This highlights a potential area for future research regarding 

what factors as associated with delayed activations and how delayed activations differ from no 

delay in the lead up to the activation. 

5.2 Findings of Completed Studies 

 There are three significant issues highlighted in this thesis. First, delays within rapid 

response system use are commonplace and have been acknowledged as a potential factor in 

reduction of their efficacy at preventing failure to rescues. Our systematic review as well as the 

literature review discussed in Chapter 1 highlight the importance of early recognition and 

response for the functioning of a rapid response system.  

Second, delayed activation has a negative impact on patient safety and well-being. Study 

2 provides evidence that patients are at higher odds for patient mortality and ICU transfer 

following a delayed activation of a rapid response team. Study 3 provides similar results 

highlighting the association between delayed activation and increased odds of ICU transfer, but 

no significant association with patient mortality was found. This may be due to differences in 



  

  MSc Thesis – Michael K Xu; 

 McMaster University – Health Research Methodology 

  

 69 

maturity, composition or the implementation process of the rapid response team at the site in 

Study 3 compared to rapid response teams from the systematic review. In addition to differences 

in teams, the rapid response system utilized an electronic early warning score whereas all 

included studies in the systematic review had single parameter activation criteria. These results 

have high face validity as rapid response teams are based on the idea of early recognition and 

response being key to patient care.4 It may be that all cause patient mortality is not an appropriate 

end point outcome for the evaluation of rapid response teams, as part of their potential 

responsibilities include the initiation of palliative measures.7–9 It may be that unexpected patient 

mortality, that is mortality without a prior do not resuscitate order or mortality following 

palliation and comfort measures, is a more appropriate measure of rapid response teams. There 

has been some debate and discussion within other studies regarding the appropriateness of all-

cause mortality versus unexpected mortality as an outcome.10–12 

Through the course of the systematic review in Study 2, it was evident that there are no 

common criteria used to define what qualifies as a delayed activation or what a goal response 

time would be. In addition to the lack of consistent definition of delayed activation it was also 

clear that delays within studies ranged from an hour to up to 24 hours. It has been discussed in 

one of the included studies for the systematic review as well as Study 3 that increased durations 

of delay are associated with increased odds of failure to rescue events.6 

5.3 Further Research 

 Two key themes emerged from this research: delayed activation may be a factor 

contributing to decreased effectiveness reported by some studies, and the lack of understanding 

regarding factors leading up to a delayed activation. The former should be addressed in any 
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future studies concerning rapid response systems. The association between delayed activation 

and increased patient failure to rescue events has been demonstrated, subsequently further 

studies into rapid response systems should report on timeliness of activations. It is a 

characteristic of a system that is as key as the method used to activate the response team or the 

composition of the response team. 

 The second theme is one that will require a mixture of quantitative and qualitative 

research. Underlying factors surrounding the utilization of rapid response systems and teams 

must be explored to better understand why these delays occur, and how to address them. Focus 

groups, the use of anthropologists and studies from an organizational perspective are best suited 

to identifying how end users of the system interact with it, as well as perceptions surrounding the 

use of a rapid response system. Qualitatively, data and data analysis are needed to shape the 

potential culture change necessary to address these delays and factors associated with them. 

Exploratory data analysis, such as the ones conducted in Study 3 can identify what 

characteristics of an activation are associated with a delayed activation, whether it be time of 

day, seniority of clinical staff responsible for patient care, or reason for activation. 

5.4 Limitations 

 The studies included in this thesis consolidate and advance our understanding of how 

delayed activation is associated with patient outcomes. However, the limitations of these studies 

must be considered. First, the search strategy for the systematic review was limited to only 

studies published in the English language and did not include qualitative studies that could have 

potentially presented narrative evidence describing delayed activations. The evidence obtained 

from the systematic review was not appropriate for quantitative synthesis with differing 
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definitions of delayed activations as well as outcome assessment. As such no pooled estimate of 

association could be presented with any measure of heterogeneity. 

 Limitations surrounding Study 2, pertained to the data collection with only nine months 

of data collected at the time of the study. The strength of the study was also limited by the 

quality of patient records from which data were abstracted, this is a common limitation for all 

retrospective observational reviews utilizing patient records. This study was a single center study 

that only examined patients who had a rapid response team activation, thus not capturing patients 

who may have met activation criteria but never experiencing an activation. Lastly, 

documentation regarding the care provided prior to and during the rapid response team activation 

was unclear. It is possible that the response team was made aware but never responded, however 

without proper documentation it is difficult to establish what may have happened. 

 

5.5 Concluding Remarks 

 This thesis furthers the understanding of rapid response systems and factors associated 

with their performance, specifically that of the need for timely activations. This is the first 

collection of work to explore the impact of delayed activations on patient outcomes. 

Furthermore, included in this thesis is the first study to examine this impact in the context of a 

rapid response system utilizing an electronic early warning score. Highlighted in this thesis is the 

complexity of rapid response systems as an intervention. In it we examined just one potential 

factor to their effectiveness, which was found to have a significant association with increased 

failure to rescue events that this intervention seeks to prevent.  
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 Rapid response systems are being implemented despite contradicting evidence, with their 

widespread adoption the focus of research needs to shift from the question of ‘Do they work?’ to 

the question of ‘How can we make them work?’13 In this thesis we examined one potential 

barrier to best practice and use of rapid response systems, as well as highlighting the need for 

further studies into this area. Complex interventions involving systems of people, technology, 

and culture require continual quality improvement. Their complexity may contribute to 

contradicting results regarding effectiveness, as no one system is identical to another. It is the 

many factors that contribute to rapid response systems that determine their effectiveness, as such 

the question needs to be asked what can be done to make rapid response systems better? 
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