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Preface

When we created the Manual of Medical Emergency Teams (MET), Implementation
and Outcome Measurement, the concept was relatively new. The term MET was not
well recognized and had different meanings to different people. The Institute for
Healthcare Improvement (IHI) was just starting to promote the same process using
different terminology: the Rapid Response Team (RRT). We created our manual to
provide readers with the tools to create teams of their own, and with the resources
needed to measurably succeed.

Since then, even though it was a mere four years ago, much has happened. Two
consensus conferences have been held. The first defined the terminology and the
process better. At that meeting, it was recognized for the first time that the inter-
vention is much more than a team. It is a system, the Rapid Response System
(RRS), and it has four components, without which the team is unlikely to succeed.
A unifying set of terms was created, and a lexicon for describing interventions and
reporting outcomes was proposed and is now being utilized more frequently. The
aim was to promote the ability to compare interventions between organizations
and more accurately analyze results. We assumed that it is possible that an inter-
vention that has nursing responders might have different results than interventions
that have physician responders. Differing support structures in the administrative
or quality improvement limbs might also impact outcomes. The ability to com-
pare, we believed, was essential to understanding the influence of various compo-
nents of the system and would enable improvement and growth internationally. At
the second consensus conference, which was focused on defining and improving
the ability to detect crises outside of the critical care setting (that is, the “afferent
limb”), the need for monitoring was explored and a classification system was pro-
posed. Participants recognized the differences between continuous and intermit-
tent monitoring in terms of costs, equipment, and capabilities. Two major purposes
of monitoring (continuous or intermittent) were recognized. First, it enables prog-
nostic risk stratification. There is now ample data to show that those with abnor-
mal vital signs are more likely to suffer a serious or lethal event. This risk
stratification can facilitate the ability to move patients to a level of staffing and
equipment to promote safety. Of course, these prognostic systems are not perfect.
Patients are identified who in fact do not have an event, while others who will have
an event are not recognized. As a consequence, many at the conference promoted
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the second function of a monitoring system, the ability to detect critical deteriorations
as they occur. This function, of course, requires a continuous monitoring system.
Such a system costs more, but it may reduce unexpected mortality and morbidity
in hospitalized patients. Future studies will clarify the cost and the benefit of the
two approaches. We hope our textbook clearly recounts the issues involved and
promotes needed investigations.

A second major event that has transpired is the addition by The Joint Commission
for the Accreditation of Healthcare Organizations (JCAHO) in North America of a
patient safety goal that includes the principles of the Rapid Response System.
Healthcare providers must have the capability to detect patients with sudden clinical
deterioration and a system in place to rapidly respond to the patient’s needs. These
days, most hospitals in the United States have some sort of RRS, with some teams
being nurse-led (RRT), and others physician-led (MET). Still others did not create a
new team but “hot-wired” existing systems to promote the goal. The use of the RRS
is spreading in Europe, Asia, and Central America. In short, in just a few years, it is
becoming a global standard. Recognizing the importance of the system, reports are
published in major journals with increasing frequency, and it is becoming difficult to
keep abreast of the field as it is growing so rapidly. A lively debate exists regarding
the benefit of the RRS. In this textbook, we have tried to capture that debate, includ-
ing potential emerging applications of the system.

A year ago, we decided to update our manual to make it current with recent
publications. However, as the project progressed, it became obvious that the field
had expanded so significantly that more than an update was required. Instead, we
chose to create a new work, the first “Textbook of Rapid Response Systems.” We
added over a dozen chapters, recruited many new researchers in the field, and have
tried to create a comprehensive resource for the clinician, administrator, and
researcher. As in our first book, we tried to make each chapter capable of standing
alone, yet tightly integrated with the others into a cohesive whole.

The RRS concept is now being applied to a number of problems and processes
in hospitals that require a “short circuit” to timely and expert help. When we each
created our RRS at our home institutions, none of us recognized the many problems
that might be amenable to the approach or the potential applications of the system.
In this textbook we describe an RRS to rapidly and safely find lost, eloped, or wan-
dering patients, another to immediately support staff who have suffered mental or
psychological trauma in the course of their work, and yet another to provide support
for suddenly dangerous patients, staff, or visitors. These problems share the com-
mon need for early recognition that an RRS provides using additional expertise and
hands (afferent limb), and a planned, systematic approach to provide support (effer-
ent limb). The ability to recognize the need, to capture and analyze data to guide
change (quality improvement limb), and to provide resources (administrative limb)
is also necessary to each application’s success.

In a sense, the RRS is becoming, in some hospitals, a “system of systems.” In this
textbook, we hope to provide readers with the tools they need to create systems that
emulate some of the work reported in the book, and to discuss the expansion of the
RRS to address other critical needs.
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Part I
RRSs and Patient Safety



Chapter 1
Rapid Response Systems History
and Terminology

Bradford D. Winters and Michael DeVita

Keywords Rapid ¢ Response * Systems ® History ¢ Terminology

Principles

The Rapid Response System (RRS) concept has matured substantially since its inception
in the early 1990s when critical care physicians, primarily in Australia, Pittsburgh,
PA, and the UK started asking some crucial questions regarding patients who deterio-
rated and often arrested on general hospital wards prior to their admission to the ICU.
Specifically, they asked exactly what is happening to general hospital ward patients
in the minutes and hours prior to their cardio-respiratory arrests and whether we can
do something to intervene and halt these deteriorations before the patient arrests or
nearly arrests. This was a sea-change in thought and perspective since, at that time,
resources focused on resuscitation were primarily concerned with how to improve
performance of CPR and ACLS rather than preventing the event to start with. Critical
Care physicians were well aware, in a general sense, that patients admitted or read-
mitted to the ICU from the general ward uncommonly went from “just fine” to criti-
cally ill. This sense was confirmed by early studies that clearly showed that arrests
and deteriorations were not sudden but rather commonly heralded by long periods of
obvious hemodynamic and respiratory instability that was often unappreciated by
general ward providers.'”'” The development of critical illness on the general ward
was rarely “sudden,” only suddenly recognized.

Given this result, critical care physicians reasoned that if we could create usable
criteria for general ward staff to use in the early recognition of impending deteriora-
tion and empower these staff members to bring a team of critical care physicians

B.D. Winters (<)
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and/or nurses outside of the ICU to the bedside, we could improve the outcomes of
these patients. Data from these studies of the antecedents to arrest provided the
basis for developing the physiological criteria that were put into place for general
ward staff to use as a guide for making the decision to call for help.'*”'” Intensive
Care Unit staff formed the team that would come to the patient’s bedside to evalu-
ate, stabilize and help create a new care and triage plan. Through sheer will, and
often working in isolation without the support of the health community, these critical
care clinicians created a new patient safety and quality initiative, long before
patient safety and quality became a national and international concern and had the
attention of the public and policymakers. '

These early programs were often referred to as Medical Emergency Teams
(METs), although other terms, such as Condition C Teams and Critical Care
Outreach Teams were also used. This linking defined activation criteria to a
response team and empowering the ward staff to summon that team, has become a
powerful patient safety and quality initiative that has enjoyed wide adoption in the
US, Australia, New Zealand, Canada and the UK and ever-increasing acceptance
around the world, such that the first International Conference on Medical
Emergency Teams was held in Pittsburgh, PA, in May, 2005. Subsequent confer-
ences have been held each year again in Pittsburgh and also in Toronto, Canada, and
Copenhagen, Denmark. The RRS concept has reached such significance that the
Institutes for Healthcare Improvement (IHI) included Rapid Response Systems as
one of its six “planks” for improving patient in its “100,000 Lives” Campaign.®
Additionally, the essential principles of the RRS have recently been embraced
by the Joint Commission (the accreditation organization for US hospitals) as a
mandate for American hospitals in the form of National Patient Safety Goal 16
and 16A.°!

While this goal does not specifically ask hospitals to create response teams or
dictate activation criteria, it requires hospitals to develop systems that “improve
recognition and response to changes in a patient’s condition with the organization
selecting suitable methods that enable healthcare staff members to directly request
additional assistance from a specially trained individual or individuals when a
patient’s condition appears to be deteriorating.” Clearly, while the Joint Commission
mandate does not demand RRSs by name, RRSs are the logical solution for meeting
this requirement and providing patients with the safety net they need to help prevent
medical deteriorations from progressing and degenerating into an arrest and death.
While other solutions have been proposed, such as increased nurse-to-patient ratios,
hospitalist services and others, none has the practicality and body of evidence in
their favor like RRSs.

One of the primary goals of RRSs is to prevent cardio-respiratory arrest and
therefore the very high mortality known to be associated with such in-hospital
events. Since the physiological instability that precedes the arrest is usually evident
for substantial periods of time prior to the arrest, there is significant face validity to
the notion that RRSs should result in a reduction in the incidence of cardiac arrest
and mortality. Additionally, RRSs should be able to, through early recognition and
intervention, reduce unanticipated ICU admission. By catching problems early in
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their course, it is envisioned that patients not only won’t arrest but also may not
even require ICU care and be able to be managed on the general ward. This helps
to keep ICU beds open for other patients and improve through-put. Likewise, with
reductions in serious deteriorations and complications, length of stay should also
decrease. Even when patients still require transfer to an ICU as a result of their
deterioration, in principle, having the early intervention afforded by an RRS should
have the patient arriving in the ICU in better condition than without such a system.
The expected benefit in this circumstance is reduced ICU and hospital mortality
and reduced ICU and length of hospital stay.

The foundation for achieving these goals is an underlying principle and strength
of RRSs, namely that RRSs address the mismatch between the patient’s needs and
the available resources on the general wards.” This imbalance between what the
patient needs (human resources, monitoring, specialized equipment and medica-
tions) and what the general ward can provide (staffing, monitoring and policy limi-
tations) are at the center of these deteriorations. RRSs are commonly activated by
nurses who determine that the patient is seriously ill and cannot be managed under
the current circumstances. These circumstances may include staff/acuity limita-
tions, inadequate care plans, and/or new events such as sepsis. Through rapid
assessment and intervention, new plans can be developed and communicated to the
ward staff and primary service and resource/needs imbalances accounted for resulting
in an effective triage and care plan for the patient. Often the patient requires triage
to a higher level of care to achieve a re-balancing of resources and needs, but if
needs are reduced through RRS intervention, that re-balancing can be achieved
with the patient remaining on the ward.

Many of these goals and benefits have been realized through the implementation
of RRSs, while some have been less successful and yet others not well evaluated.'®*
While outcome measures such as mortality are important to clinicians, regulators
and patients, other measures of RRS success and positive impact need to also be
considered. Some of these include process of care measures (such as meeting sepsis
management guidelines and appropriate institution of Not for Resuscitation
status),™ patient and nursing satisfaction’** and especially the value RRSs bring
to staff education in the recognition and management of the critically ill patient
who presents as such outside the walls of the ICU.>>% In fact, this last goal and
benefit of RRSs may be the most under-appreciated, although in many ways the
most important. RRSs change culture and culture is a crucial element of the health
systems in which we work. RRSs are not just teams, they are systems in themselves
that include a component that emphasizes and educates in the early detection of
problems and a component that responds to the call for help.

The RRS functions within a greater system that spans from the patient, through
the providers, their environment and up to the departmental, hospital and institu-
tional and even governmental level. This realization requires that RRSs have two
additional components besides the activation process and a responding team. The
first is an evaluative element that continuously assesses the performance of the RRS
and helps to inform the hospital Quality Improvement (QI) process.’” Institutions
such as the University of Pittsburgh have used their RRS to scrutinize all of their
arrest and MET calls in an ongoing QI process that has had great impact for their
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hospital." The second component is a governance and administration structure.’
This helps to develop, implement and, most crucially, maintain and improve the
RRS program. The work of the evaluation/QI element and the governance/
administrative structure has been greatly improved in the last 2 years with the addi-
tion of RRS data fields to the American Heart Association’s (AHA) National
Registration for CPR database.®” From this database useful reports and comparisons
can be generated to support the RRS. While these two additional components are
not absolutely essential to having an RRS, they enhance its effectiveness, role and
status within the hospital system and are well worth consideration.

RRSs have become a great agent for change, encouraging and empowering
ward staff to ask for help for their patients. The archaic concept, often held and
promulgated by physicians and occasionally others, that calling for help is “a sign
of weakness” is washed away by the RRS as it changes the culture to an under-
standing that the patient and his well-being is the primary concern of all providers
and that calling for help is the sign of the wise and caring clinician.

Terminology

It is important to have a clear understanding of the terminology for Rapid
Response Systems so as to get the most from this book and any review of RRS
literature. Historically, the early RRSs were most commonly called “Medical
Emergency Teams” or METs, although other terms were also used, including
Medical Emergency Response Teams (MERT), Patient-at-Risk Teams (PART),
Critical Care Outreach Teams (CCOT), and eventually Rapid Response Teams
(RRTs). Some of these terms are used interchangeably in places such as Australia
where RRT and MET often mean the same thing. While hospitals and institutions
often create specific names for their programs based on local preferences and the
desire to use something memorable to encourage utilization, consensus has been
developed on specific terminology that should be used when reporting and shar-
ing information and data in the public forum (publications, research articles
etc).”>% The term Rapid Response System refers to the entire system for respond-
ing to all patients with a critical medical problem. Most broadly, this can include
the Cardiac Arrest Team (Code Team) and the MET as well as other specialized
teams that may exist within the hospital, such as a Difficult Airway Response
Team, although most commonly and preferably the term RRS is used to refer to
systems that seek to prevent deterioration and arrests rather than respond to
arrests. This term encompasses both the recognition process (the activation criteria
and the activation process) and the responding team. These two sub-components
are referred to as the Afferent and Efferent Limbs of the RRS, respectively.
Additional confusion may arise when the Code Team and the MET are one and
the same in terms of personnel but take on different roles depending on the
patient’s situation (arrest versus deterioration).
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The historical MET and similar systems are now defined through consensus
based on the team structure and functionality.’> Teams that include physicians along
with nurses, but may also include respiratory therapists and others, are properly
called Medical Emergency Teams, which have full capability for assessment, treat-
ment and triage planning, while teams that do not include physicians as responders
and rely on nurses and others only are referred to as Rapid Response Teams
(RRTs). These nurse-led RRTs often have physician consultation available but the
physician does not respond to the bedside as a member of the initial response. RRTs
often provide an intermediate range of capability since nurses cannot write orders
for therapy. An exception to this is the Nurse Practitioner in the US, who can write
a range of orders. As such, true RRTs are able to assess and provide some level of
stabilization but if needs and resources are severely out of balance, the patient is
likely to require triage to a higher level of care. Teams that provide follow-up service
and surveillance on patients discharged from the ICU on a regular basis, as well as
response to any general ward patient that may or may not have been in an ICU
previously, are described as Critical Care Outreach Teams. These teams are often
staffed by nurses and therefore their response to deteriorating patients would be an
RRT-type response team. Other terms, such as Patient-at-Risk Team, may be used
as the local name for the program and hospitals may choose to call their system an
RRT even though it has physicians as responders; such names should only be for
local use and should be avoided in the literature. So that proper comparisons may
be made, the preferred nomenclature should describe the response component of
the RRS as an MET, RRT or CCOT-based on these consensus definitions.

As mentioned previously, another important terminology distinction to consider
is the difference between the process of recognition that the patient is deteriorating
and that of the teams that respond. The process and criteria used for triggering the
call for help is called the Afferent Limb, while the response to that call, the team,
is the Efferent Limb. While both work in concert as a system, their separate nomen-
clature and consideration is important. Many think of the Efferent Limb as the RRS
but the Afferent Limb is equally important, if not more so since this is where the
recognition is made that the patient needs help. Providing a responding team is of
less benefit if the patient has already progressed to the point where arrest is immi-
nent; the earlier the recognition is made, the better. Some have argued that it may
not even matter who comes to help the patient (a critical care team, a hospitalist
team or the primary service) as long as it is recognized that help is needed early
enough to make a difference. The importance of early recognition was addressed
by the first Consensus Conference on Medical Emergency Teams and then further
emphasized by the special Afferent Limb Consensus Conference convened ahead
of the third International Conference on Medical Emergency Teams. In these
forums, the question of how RRSs might improve their identification of seriously
ill general ward patients was considered and debated. The report of the first
Consensus Conference™ indicates that RRS should use clear methods of detection
for identifying “‘emergent unmet patient needs” and deteriorations. Objective criteria
are preferred and several identification systems exist, including direct vital sign
parameters and various scoring systems.’>%* The upcoming report of the Afferent
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Limb Consensus Conference suggests that technological solutions are going to be
essential to better monitoring and detection in the mostly ambulatory general ward
patient population but that we still are struggling to determine what best needs to
be monitored and how. This is an area of very active research with many exciting
possibilities likely to result in the next few years.’%

The Efferent Limb also continues as an area of active research. New education
modalities and strategies such as simulation are being used to improve team perfor-
mance and function and prepare teams for unusual or rare scenarios. The kind of
team that makes up the Efferent Limb probably does matter - not so much by what
their title is, but rather by how well they are prepared and how well they work as
team members.*

Summary

RRSs have grown substantially since their inception almost two decades ago to
become a robust strategy for improving patient care and healthcare culture.
Clinicians who support these initiatives have striven to be evidence-based and thor-
ough, resulting in an ever-expanding body of literature and experience that points
to RRSs as a successful systems-based solution to the problem of deteriorating
general ward patients and the imbalance of resources necessary to care for them.
Clear definitions and nomenclature have aided this process. By working to improve
the Afferent and Efferent Limbs of RRSs through methods best suited to their
uniqueness and melding them into an effective system, RRSs can continue to be a
developing and dynamic patient safety and quality of care improvement
paradigm.

References

1. Sax FL, Charlson ME. Medical patients at high risk for catastrophic deterioration. Crit Care
Med. 1987;15(5):510-515.

2. Schein RM, Hazday N, Pena M, Robin BH, Sprung CL. Clinical antecedents to in-hospital
cardiopulmonary arrest. Chest. 1990;98(6):1388-1392.

3. Bedell SE, Deitz DC, Leeman D, Delbanco TL. Incidence and characteristics of preventable
iatrogenic cardiac arrests. J Am Med Assoc. 1991;265(21):2815-2820.

4. Daffurn K, Lee A, Hillman KM, Bishop GF, Bauman A. Do nurses know when to summon
emergency assistance? Intensive Crit Care Nurs. 1994;10(2):115-120.

5. Smith AF, Wood J. Can some in-hospital cardio-respiratory arrests be prevented? A prospective
survey. Resuscitation. 1998;37(3):133-137.

6. Buist MD, Jarmolowski E, Burton PR, Bernard SA, Waxman BP, Anderson J. Recognising
clinical instability in hospital patients before cardiac arrest or unplanned admission to inten-
sive care. A pilot study in a tertiary-care hospital. Med J Aust. 1999;171(1):22-25.

7. Hillman KM, Bristow PJ, Chey T, Daffurn K, et al. Antecedents to hospital deaths. Intern Med
J.2001;31(6):343-348.



10.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Rapid Response Systems History and Terminology 9

. Hodgetts TJ, Kenward G, Vlachonikolis IG, et al. Incidence, location and reasons for

avoidable in-hospital cardiac arrest in a district general hospital. Resuscitation.
2002;54(2):115-123.

. Kause J, Smith G, Prytherch D, et al. A comparison of antecedents to cardiac arrests, deaths and

emergency intensive care admissions in Australia, New Zealand, and the United Kingdom - the
ACADEMIA study. Resuscitation. 2004,62(3):275-282.

Hillman K, Bristow PJ, Chey T, et al. Duration of life-threatening antecedents prior to
intensive care admission. Intensive Care Med. 2002;28:1629-1634.

. Franklin C, Mathew J. Developing strategies to prevent in-hospital cardiac arrest: analyzing

responses of physicians and nurses in the hours before the event. Crit Care Med.
1994;22(2):244-247.

. McGloin H, Adam SK, Singer M. Unexpected deaths and referrals to intensive care of patients

on general wards. Are some cases potentially avoidable? J R Coll Physicians Lond.
1999;33(37):255-259.

. Goldhill DR, White SA, Sumner A. Physiological values and procedures in the 24 h before

ICU admissions from the ward. Anaesthesia. 1999;54(6):529-534.

Morgan RJM, Williams F, Wright MM. An early warning scoring system for detecting
developing critical illness. Clin Intensive Care. 1997;8:100.

Stenhouse C, Coates S, Tivey M, Allsop P, Parker T. Prospective evaluation of a Modified
Early Warning Score to aid earlier detection of patients developing critical illness on a general
surgical ward. Br J Anaesth. 2000;84:663P.

Subbe CP, Kruger M, Rutherford P, Gemmel L. Validation of a modified Early Warning Score
in medical admissions. Q J Med. 2001;94(10):521-526.

Hodgetts TJ, Kenward G, Vlachonikolis IG, Payne S, Castle N. The identification of risk
factors for cardiac arrest and formulation of activation criteria to alert a medical emergency
team. Resuscitation. 2002;54(2):125-131.

Lee A, Bishop G, Hillman K, Daffurn K. The medical emergency team. Anaesth Intensive
Care. 1995;23:183-186.

. Goldhill DR, Worthington L, Mulcahy A, Tarling M, Sumner A. The patient-at-risk team:

identifying and managing seriously ill ward patients. Anaesthesia. 1999;54(2):853-860.
Bristow PJ, Hillman KM, Chey T, et al. Rates of in-hospital arrests, deaths and intensive care
admissions: the effect of a medical emergency team. Med J Aust. 2000;173(5):236-240.
Buist MD, Moore GE, Bernard SA, Waxman BP, Anderson JN, Nguyen TV. Effects of a medi-
cal emergency team on reduction of incidence of and mortality from unexpected cardiac
arrests in hospital: preliminary study. Br Med J. 2002;324(7334):387-390.

Ball C, Kirkby M, Williams S. Effect of the critical care outreach team on patient survival to
discharge from hospital and readmission to critical care: non-randomised population based
study. Br Med J. 2003;327(7422):1014-1016.

Leary T, Ridley S. Impact of an outreach team on re-admissions to a critical care unit.
Anaesthesia. 2003;58(4):328-332.

Bellomo R, Goldsmith D, Uchino S, et al. A prospective before-and-after trial of a medical
emergency team. Med J Aust. 2003;179(6):283-287.

Kenwood G, Castle N, Hodgetts T, Shaikh L. Evaluation of a medical emergency team one
year after implementation. Resuscitation. 2004;61(3):257-263.

Priestley G, Watson W, Rashidian A, et al. Introducing critical care outreach: a ward-
randomised trial of phased introduction in a general hospital. Intensive Care Med. 2004;30(7):
1398-1404.

Bellomo R, Goldsmith D, Uchino S, et al. Prospective controlled trial of effect of medical emer-
gency team on postoperative morbidity and mortality rates. Crit Care Med. 2004;32(4):916-921.
DeVita MA, Braithwaite RS, Mahidhara R, Stuart S, Foraida M, Simmons RL. Use of medical
emergency team responses to reduce hospital cardiopulmonary arrests. Qual Saf Health Care.
2004;13(4):251-254.



10

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.
51.

B.D. Winters and M. DeVita

Garcea G, Thomasset S, McClelland L, Leslie A, Berry DP. Impact of a critical care out-
reach team on critical care readmissions and mortality. Acta Anaesthesiol Scand.
2004;48(9):1096-1100.

MERIT Study Investigators. Introduction of the medical emergency team (MET) system:
a cluster-randomised controlled trial. Lancet. 2005;365(9477):2091-2097.

Jones D, Bellomo R, Bates S, et al. Long term effect of a medical emergency team on cardiac
arrests in a teaching hospital. Crit Care. 2005;9(6):R808-R815.

Jones D, Opdam H, Egi M, et al. Long-term effect of a medical emergency team on mortality
in a teaching hospital. Resuscitation. 2007;74(2):235-241.

Jolley J, Bendyk H, Holaday B, Lombardozzi KAK, Harmon C. Rapid response teams: do
they make a difference? Dimens Crit Care Nurs. 2007;26(6):253-260.

Dacey MJ, Mirza ER, Wilcox V, et al. The effect of a rapid response team on major clinical
outcome measures in a community hospital. Crit Care Med. 2007;35(9):2076-2082.

Chan PS, Khalid A, Longmore LS, Berg RA, Kosiborod M, Spertus JA. Hospital-wide code
rates and mortality before and after implementation of a rapid response team. J Am Med
Assoc. 2008;300(21):2506-2513.

Tibballs J, Kinney S, Duke T, Oakely E, Hennessy M. Reduction of pediatric in-patient
cardiac arrest and death with a medical emergency team: preliminary results. Arch Dis Child.
2005;90(11):1148-1152.

Tibballs J, Kinney S. Reduction of hospital mortality and of preventable cardiac arrest and
death on introduction of a pediatric medical emergency team. Pediatr Crit Care Med.
2009;10(3):306-312.

Brilli RJ, Gibson R, Luria JW, et al. Implementation of a medical emergency team in a large
pediatric teaching hospital prevents respiratory and cardiopulmonary arrests outside the
intensive care unit. Pediatr Crit Care Med. 2007;8(3):236-246.

Sharek PJ, Parast M, Leong K, et al. Effect of a rapid response team on hospital-wide
mortality and code rates outside the ICU in a children’s hospital. / Am Med Assoc.
2007;298(19):2267-2274.

Zenker P, Schlesinger A, Hauck M, et al. Implementation and impact of a rapid response team
in a children’s hospital. Joint Comm J Qual Patient Saf. 2007;33(7):418-425.

Buist M, Harrison J, Abaloz E, Van Dyke S. Six-year audit of cardiac arrests and medical
emergency team calls in an Australian teaching hospital. Br Med J. 2007;335(7631):
1210-1212.

Jones D, Egi M, Bellomo R, Goldsmith D. Effect of the medical emergency team on long-term
mortality following major surgery. Crit Care. 2007;11(1):R12.

Mailey J, Digiovine B, Baillod D, Gnam G, Jordan J, Rubinfeld I. Reducing hospital standard-
ized mortality rate with early interventions. J Trauma Nurs. 2006;13(4):178-182.

Tolchin S, Brush R, Lange P, Bates P, Garbo JJ. Eliminating preventable death at Ascension
Health. Joint Comm J Qual Patient Saf. 2007;33(3):145-154.

Offner P, Heit J, Roberts R. Implementation of a Rapid Response Team decreases cardiac
arrest outside of the Intensive Care Unit. J Trauma. 2007;62(5):1223—-1228.

Dacey M, Mizra R, Wilcox V, et al. The effect of a Rapid Response Team on major clinical
outcome measures in a community hospital. Crit Care Med. 2007;35(9):2076-2082.

Story D, Shelton A, Poustie S, Colin-Thome N, Mclntrye R, McNicol P. Effect of an anesthe-
sia department-led critical care outreach and acute pain service on postoperative serious
adverse events. Anesthesia. 2006;61:24-28.

King E, Horvath R, Shulkin D. Establishing a Rapid Response Team (RRT) in an academic
hospital: one year’s experience. J Hosp Med. 2006;1(5):296-305.

Hunt EA, Zimmer KP, Rinke ML, et al. Transition from a traditional code team to a medical
emergency team and categorization of cardiopulmonary arrests in a children’s center. Arch
Pediatr Adolesc Med. 2008;162(2):117-122.

100K lives campaign. www.ihi.org/IHI/Programs/Campaign/Campaign. Accessed 10.07.09.
Joint Commission National Patient Safety Goals. www.jointcommission.org/patientsafety/
nationalpatientsafetygoals/. Accessed 10.01.10.


http://www.ihi.org/IHI/Programs/Campaign/Campaign
http://www.jointcommission.org/patientsafety/nationalpatientsafetygoals/
http://www.jointcommission.org/patientsafety/nationalpatientsafetygoals/

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.
63.
64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Rapid Response Systems History and Terminology 11

Devita M, Bellomo R, Hillmam K, et al. Findings of the first consensus conference on medical
emergency teams. Crit Care Med. 2006;34(9):2463-2478.

Sebat F, Musthafa AA, Johnson D, et al. Effect of a rapid response system for patients
in shock on time to treatment and mortality during 5 years. Crit Care Med. 2007;35(11):
2568-2575.

Jones DA, Mclntyre T, Baldwin I, Mercer I, Kattula A, Bellomo R. The medical emergency
team and end-of-life care: a pilot study. Crit Care Resusc. 2007;9(2):151-156.

Chen J, Flabouris A, Bellomo R, Hillman K, Finfer S. MERIT study investigators for the Simpson
Center and the ANZICS Clinical Trials Group, the Medical Emergency Team System and not-for-
resuscitation orders: results from the MERIT study. Resuscitation. 2008;79(3):391-397.

Jones D, Baldwin I, Mclntyre T, et al. Nurses’ attitudes to a medical emergency team service
in a teaching hospital. Qual Saf Health Care. 2006;15(6):427-432.

Galhotra S, Scholle CC, Dew MA, Mininni NC, Clermont G, DeVita MA. Medical emergency
teams: a strategy for improving patient care and nursing work environments. J Adv Nurs.
2006;55(2):180-187.

Salamonson Y, van Heere B, Everett B, Davison P. Voices from the floor: nurses’ perceptions
of the medical emergency team. Intensive Crit Care Nurs. 2006;22(3):138-143.

Buist M, Bellomo R. MET. The emergency medical team or the medical education team?
Crit Care Resusc. 2004;6:88-91.

Jones D, Bates S, Warrillow S, Goldsmith D, et al. Effect of an education programme on the utili-
zation of a medical emergency team in a teaching hospital. Intern Med J. 2006;36(4):231-236.
Braithewaite RS, Devita MA, Mahidhara R, et al. Use of medical emergency teams (MET)
responses to detect medical errors. Qual Saf Health Care. 2004;13:255-259.

American Heart Association National Registry for CPR. www.nrcpr.org. Accessed 23.01.10.
Cretikos M, Parr M, Hillman K, et al. Guidelines for the uniform reporting of data for Medical
Emergency Teams. Resuscitation. 2006;68:11-25.

Subbe CP, Davies RG, Williams E, Rutherford P, Gemmell L. Effect of introducing the
Modified Early Warning score on clinical outcomes, cardiopulmonary arrests and intensive
care utilisation in acute medical admissions. Anesthesia. 2003;58(8):797-802.

Goldhill DR, McNarry AF. Physiological abnormalities in early warning scores are related to
mortality in adult inpatients. Br J Anaesth. 2004;92(6):882-884.

Goldhill DR, McNarry AF, Mandersloot G, McGinley A. A physiologically-based early warn-
ing score for ward patients: the association between score and outcome. Anaesthesia.
2005;60(6):547-553.

Sharpley JT, Holden JC. Introducing an early warning scoring system in a district general
hospital. Nurs Crit Care. 2004;9(3):98-103.

Gardner-Thorpe J, Love N, Wrightson J, Walsh S, Keeling N. The value of Modified Early
Warning Score (MEWS) in surgical in-patients: a prospective observational study. Ann R Coll
Surg Engl. 2006;88(6):571-575.

Jacques T, Harrison G, McLaws M, Kilborn G. Signs of critical conditions and emergency
response (SOCCER): a model for predicting adverse events in the inpatient setting.
Resuscitation. 2006;69:175-183.

Harrison GA, Jacques T, McLaws ML, Kilborn G. Combinations of early signs of critical
illness predict in-hospital death — the SOCCER study (signs of critical conditions and emer-
gency responses). Resuscitation. 2006;71(3):327-334.

Jacques T, Harrison GA, McLaws ML, Kilborn G. Signs of critical conditions and emergency
responses (SOCCER): a model for predicting adverse events in the in-patient setting.
Resuscitation. 2006;69(2):175-183.

Subbe CP, Hibbs R, Williams E, Rutherford P, Gemmel L. ASSIST: a screening tool for
critically ill patients on general medical wards. Intensive Care Med. 2002;28(suppl):S21.
Haines C, Perrott M, Weir P. Promoting care for acutely ill children. Development and evalu-
ation of a paediatric early warning tool. Intensive Crit Care Nurs. 2006;22(2):73-81.
Duncan H, Hutchison J, Parshuram CS. The pediatric early warning system score: a severity
of illness score to predict urgent medical need in hospitalised children. J Crit Care.
2006;21(13):271-279.


http://www.nrcpr.org

12

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

B.D. Winters and M. DeVita

Subbe CP, Gao H, Harrison DA. Reproducibility of physiological track-and-trigger warning
systems for identifying at-risk patients on the ward. Intensive Care Med. 2007;33(4):619-624.
Bell MB, Konrad D, Granath F, Ekbom A, Martling CR. Prevalence and sensitivity of
MET-criteria in a Scandinavian University Hospital. Resuscitation. 2006;70(1):66—73.

Green A, Williams A. An evaluation of an early warning clinical marker referral tool.
Intensive Crit Care Nurs. 2006;22:274-282.

Cretikos M, Chen J, Hillman K, Bellomo R, Finfer S, Flabouris A. MERIT study investiga-
tors. The objective medical emergency team activation criteria: a case-control study.
Resuscitation. 2007;73(1):62-72.

Smith GB, Prytherch DR, Schmidt PE, Featherstone PI, Higgins B. A review, and performance
evaluation, of single-parameter “track-and-trigger” systems. Resuscitation. 2008;79(1): 11-21.
Smith GB, Prytherch DR, Schmidt PE, Featherstone PI. Review and performance evaluation
of aggregate weighted “track-and-trigger” systems. Resuscitation. 2008;77(2):170-179.
Santiano N, Young L, Hillman K, et al. Analysis of medical emergency team calls comparing
subjective to “objective” call criteria. Resuscitation. 2009;80(1):44—49.

Smith GB, Prytherch DR, Schmidt P, Featherstone PI, et al. Hospital-wide physiological
surveillance. A new approach to the early identification and management of the sick patient.
Resuscitation. 2006;71(1):19-28.

Watkinson PJ, Barber VS, Price JD, Hann A, et al. A randomised controlled trial of the effect
of continuous electronic physiological monitoring on the adverse event rate in high risk
medical and surgical patients. Anaesthesia. 2006;61(11):1031-1039.

Tarassenko L, Hann A, Young D. Integrated monitoring and analysis for early warning of
patient deterioration. Br J Anaesth. 2006;97(1):64—68.

DeVita MA, Schaefer J, Lutz J, Wang H, Dongilli T. Improving medical emergency team
(MET) performance using a novel curriculum and a computerized human patient simulator.
Qual Saf Health Care. 2005;14(5):326-331.

Wallin CJ, Meurling L, Hedman L, Hedegard J, Fellinder-Tsai L. Target-focused medical
emergency team training using a human patient simulator: effects on behaviour and attitude.
Med Educ. 2007;41(2):173-180.

Jones D, Duke G, Green J, et al. Medical Emergency Team syndromes and an approach to
their management. Crit Care. 2006;10(1):R30.



