Resuscitation 84 (2013) 1487-1493

Contents lists available at ScienceDirect e
RESUSCITATION

Resuscitation
journal homepage: www.elsevier.com/locate/resuscitation = =
Commentary and concepts
The formula for survival in resuscitation™ @CmssMark

Eldar Sereide®"*!, Laurie Morrison“%!, Ken Hillman®!!, Koen Monsieurs&"!,
Kjetil Sunde’-', David Zideman!-*', Mickey Eisenberg'-!, Fritz Sterz™,

Vinay M. Nadkarni™!, Jasmeet Soar®!, Jerry P. Nolan?-!, Utstein Formula for Survival
Collaborators

a Department of Anaesthesiology and Intensive Care, Stavanger University Hospital, 4068 Stavanger, Norway

b Department of Clinical Medicine, University of Bergen, 5020 Bergen, Norway

€ Robert and Dorothy Pitts Chair in Acute Care and Emergency Medicine, Resccu, Keenan Research Centre, Li Ka Shing Knowledge Institute, St Michael’s
Hospital, Canada

d Department of Medicine, University of Toronto, Toronto, Ontario, Canada

¢ South Western Clinical School, University of New South Wales, Sydney, NSW 2170, Australia

f Department of Intensive Care, Liverpool Hospital, Liverpool, Sydney, NSW 2170, Australia

& Antwerp University Hospital, Emergency Department, Wilrijkstraat 10, 2650 Edegem, Belgium

h University of Ghent, Faculty of Medicine and Health Sciences, Sint Pietersnieuwstraat 25, 9000 Ghent, Belgium

i Department of Anaesthesiology, Division of Emergencies and Critical Care, Oslo University Hospital, 0407 Oslo, Norway

I East Anglian Air Ambulance, Norwich NR6 6EG, United Kingdom

k Department of Anaesthetics, Hammersmith Hospital, Imperial College Healthcare NHS Trust, Ducane Road, London W12 OHS, United Kingdom

! Department of Medicine, University of Washington, Seattle, WA 98195, USA

™ Department of Emergency Medicine, Medical University of Vienna, Vienna General Hospital, Wihringer Giirtel 18-20/6D, 1090 Wien, Austria

" Department of Anesthesia, Critical Care and Pediatrics, University of Pennsylvania Perelman School of Medicine, Childrens Hospital of Philadelphia, 3401
Civic Center Boulevard, Philadelphia, PA 19104, USA

° Department of Anaesthesia and Intensive Care Medicine, Southmead Hospital, North Bristol NHS Trust, Bristol BS10 5NB, United Kingdom

P Department of Anaesthesia and Intensive Care Medicine, Royal United Hospital, Bath BA2 7A], United Kingdom

ARTICLE INFO ABSTRACT

Article history: The International Liaison Committee on Resuscitation (ILCOR) Advisory Statement on Education and
Received 26 April 2013 Resuscitation in 2003 included a hypothetical formula - ‘the formula for survival’ (FfS) - whereby three
Received in revised form 22 june 2013 interactive factors, guideline quality (science), efficient education of patient caregivers (education) and

Accepted 26 July 2013 a well-functioning chain of survival at a local level (local implementation), form multiplicands in deter-

mining survival from resuscitation. In May 2006, a symposium was held to discuss the validity of the

formula for survival hypothesis and to investigate the influence of each of the multiplicands on survival.

This commentary combines the output from this symposium with an updated illustration of the three

Formula for survival multiplicands in the FfS using rapid response systems (RRS) for medical science, therapeutic hypother-

Implementation mia (TH) for local implementation, and bystander cardiopulmonary resuscitation (CPR) for educational

Outcome efficiency. International differences between hospital systems made it difficult to assign a precise value
for the multiplicand medical science using RRS as an example. Using bystander CPR as an example for
the multiplicand educational efficiency, it was also difficult to provide a precise value, mainly because of
differences between compression-only and standard CPR. The local implementation multiplicand (exem-
plified by therapeutic hypothermia) is probably the easiest to improve, and is likely to have the most
immediate improvement in observed survival outcome in most systems of care. Despite the noted weak-
nesses, we believe that the FfS will be useful as a mental framework when trying to improve resuscitation
outcome in communities worldwide.
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1. Introduction

Many factors determine outcome after cardiac arrest and there
is a large variation in reported survival rates.! Following a consen-
sus meeting at Utstein Abbey, Norway in 1990, the first of a series
of Utstein guidelines was published in 1991.% This established a set
of common definitions for reporting out-of-hospital cardiac arrest
(OHCA), enabling comparisons across communities and nations.
A revised Utstein reporting format, published in 2004, attempted
to clarify and simplify the required data elements for both OHCA
and in-hospital cardiac arrest (IHCA).> By defining and using an
‘Utstein comparator’ (witnessed cardiac arrest of presumed car-
diac cause with first monitored rhythm of ventricular fibrillation
(VF)), large differences between communities in the reported sur-
vival after OHCA became apparent.!# Although many key factors
associated with survival have been identified,” a full explanation
for the variability in survival rates has not been found. Differences
in the quality of the local ‘chain of survival’® may be the major factor
contributing to the large worldwide survival differences.

In 2003 the International Liaison Committee on Resuscita-
tion (ILCOR) published an Advisory Statement on Education and
Resuscitation.” This paper described the discussions that took place
during a resuscitation education symposium held at the Utstein
Abbey in 2001. It included the statement that “survival rates for
unexpected cardiac arrest depend not only on the quality of the
education given to potential caregivers but also on the validity of
treatment guidelines and a well-functioning chain of survival”. The
authors described a hypothetical formula - ‘the formula for sur-
vival’ - where three interactive factors, guideline quality (science),
efficient education of patient caregivers (education) and a well-
functioning chain of survival at a local level (local implementation),
form multiplicands in determining survival from resuscitation
(Table 1).

2. Utstein 2006 formula for survival meeting

In May 2006, a further symposium was held to discuss the valid-
ity of the formula for survival hypothesis and to investigate the
influence of each of the multiplicands on survival. The symposium
was again held at the Utstein Abbey. Thirty-five invited interna-
tional experts participated in the symposium and a well-described
Utstein rotating group format was used.” This enabled small group

Table 1
Components of the formula for survival.
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discussion to develop key pathways that were then refined by
moving the groups through a series of panel discussions before the
refined product was presented to all participants for consideration
as a consensus viewpoint. The participants agreed that the pro-
posed Formula for Survival (FfS) in a simpler format (Fig. 1) could
constitute a valid concept worth pursuing and decided to divide the
following discussion based on the four parts of the theoretical FfS
equation starting with the end product-survival.

The 2005 ERC guidelines published just before the Utstein FfS
meeting incorporated a new Chain of Survival (Fig. 2) with a greater
focus on pre-arrest identification of patients at risk and post cardiac
arrest care.58 It was therefore timely to use elements from three of
the rings in the Chain of Survival - rapid response systems (RRS),”
therapeutic hypothermia (TH)'° and bystander cardiopulmonary
resuscitation (CPR),!! - to illustrate each multiplicand of the FfS.

3. Survival

Survival after cardiac arrest can be defined in several ways.
The demonstration that an intervention improves disease-specific
short-term outcomes such as return of spontaneous circulation
(ROSC) provides insight into the physiology of cardiac arrest and
successful resuscitation and may have implications for the fur-
ther evaluation of the interventions. However, most resuscitation
experts place higher value on evidence of sustained improvements,
and neurological outcome at 90 days has most recently been pro-
posed as a reasonable outcome parameter for many clinical trials.!2
Good neurological outcome is generally defined as a Cerebral Per-
formance Category (CPC) < 2 or amodified Rankin scale (mRS) score
of <3; both broadly representing the ability to live independently.'?

4. Medical science

Although science is one of the three multiplicands in the FfS, it
isrecognised as an integral part of the other two factors: education
and implementation. For many years, ILCOR has coordinated the
review of science and the development of evidence-based resus-
citation practice.!® Given the nature of resuscitation, high-quality
scientific evidence from randomised controlled trials (RCTs)is often
difficult to obtain and in many cases generation of clinical guide-
lines requires extrapolation from observational studies or from
animal experiments. Furthermore, science cannot be regarded as

1. Guideline quality
patient caregivers

2. Efficient education of

Patient survival relative to
theoretical potential
(factors multiplied)

3. A well-functioning local
chain of survival

Utopia 1 1 1 =1.00
Ideal 0.9 0.9 0.9 =0.72
Attainable 0.8 0.9 0.5 =0.36
Actual 0.8 0.5 0.5 =0.20
Adapted from Chamberlain DA, et al. Resuscitation 2003; 59:11-43 with permission.
Medical X Educational Local _ Survival
Science Efficiency Implementation

Fig. 1. The Utstein formula for survival.
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