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review of the various guidelines affords a journey
through the evolution of modern resuscitation. The
preguideline era, which lasted from 1968 to 1973, can
be characterized as the era of excitement and innova-
tion. There were a variety of emergency medical ser-
vices (EMS) systems and a variety of EMS training pro-
tocols proposed and implemented. These systems were
mostly single-tiered systems, although some, such as in
Seattle, utilized the tiered-response system. There was
considerable publicity in the news media and high ex-
pectations about how many lives could be saved. Most
scientiÞc articles during this era were case studies and
anecdotal reports.

The Þrst inclusive set of prehospital resuscitation
guidelines was issued by the American Heart Associ-
ation in 1974.8 The report, ÒStandards for Cardiopul-
monary Resuscitation (CPR) and Emergency Cardiac
Care (ECC),Ó followed a national consensus conference.
The report documented the science of resuscitation and
contained 35 pages and 41 references. The main empha-
sis was on the value of CPR and how to perform CPR
properly. During the six-year period that the guidelines
were extant (1974Ð1979), standardized emergency med-
ical technician and paramedic curricula were published
by the Department of Transportation. There was also
considerable effort to establish 9-1-1 dispatch centers
throughout the nation, with much of the telecommuni-
cations funding provided by the Robert Wood Johnson
Foundation.

The second CPR and ECC standards and guidelines
were published in 1980 and deÞned the practice of re-
suscitation care for 1980Ð1985.9 The term ÒguidelinesÓ
was added to the title of the document, acknowledging
the reality that deviations from strict standards were ac-
ceptable. There was continued emphasis on CPR, with
more science in support of the recommendations. This
report grew to 56 pages with 242 references.

The third CPR and ECC standards and guidelines
were published in 1986.10 There were speciÞc algo-
rithms appearing on how to handle various cardiac
conditions such as VF, ventricular tachycardia, asys-
tole, and electromechanical dissociation. The guide-
lines were growing in length, with 155 pages and more
than 400 references.

The fourth CPR and ECC guidelines, published in
1992, were the size of a small book.11 The term Òstan-
dardsÓ was dropped from the title of the report, reßect-
ing the desire of the American Heart Association not
to be in the business of certifying individuals through
advanced cardiac life support courses as meeting stan-
dards. This document was the Þrst to utilize a system-
atic evidence-based approach rating the quality and the
scientiÞc rigor of each article. More than 1,000 refer-
ences were cited in the document. For the Þrst time, the
Òchain of survivalÓ metaphor appeared. There was an
expanded emphasis on algorithms. This era may prop-
erly be called the algorithm era. Thirteen speciÞc algo-

rithms were detailed with countless boxes, branching
logic, and detailed footnotes.

The Þfth CPR and ECC guidelines, published in 2000,
were used until December 2005.12 The emphasis in this
document was to shock fast and shock often, reßecting
a growing awareness of the importance of deÞbrilla-
tion and the need to provide it as quickly as possible.
Like the previous report, this one was evidence based
and international in scope, with multiple international
societies participating in the guidelines conference. For
the Þrst time, there was emphasis on primary and sec-
ondary surveys, reßecting a growing presence of emer-
gency medicine academic physicians in the guidelines
process.

The sixth CPR and ECC guidelines were published
in December 2005, and there is a return to the basics.13

There is a renewed emphasis on the importance of CPR
and the details of CPR: rate, adequate compressions,
and full decompression. There is far less emphasis on
medications, and in fact one can Þnd the unequivocal
statement that medications have never been of proven
beneÞt in most cardiac arrest conditions. The number of
algorithms has been simpliÞed; there are only four. The
report continues to be evidence based and international
in scope. We have gone full circle with the emphasis
on the basics of CPR and de-emphasis on medications.
Shocking is no longer Òshock fast and shock often.Ó It
is now shock, deliver two minutes of CPR, and then
reassess the patient.

WHAT HAVE WE LEARNED?
To address the question of what have we learned in
40 years, I would like to ask a series of subquestions:
What is the epidemiology of cardiac arrest? What is
the pathophysiology? What factors are associated with
survival: speciÞcally, patient, program, and therapeu-
tic factors? Have we improved the survival rate? Last,
what does the future hold?

What is the Epidemiology of Cardiac
Arrest?
In regard to Cardiac arrest, it is quite clear that men
predominate over women approximately 2:1. Men have
their cardiac arrests approximately seven years earlier
than women. There have been many efforts to look at
different circumstantial factors, such as environmen-
tal factors, physical or emotional stress, and time of
day, but none of these have been very revelatory. There
are good reviews of the epidemiology of cardiac ar-
rest in textbooks14 and articles. The incidence of VF is
declining. A longitudinal study from Seattle shows a
dramatic decrease in cases of VF with stable rates of
asystole and pulseless electrical activity over a 21-year
period.15
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What is the Pathophysiology of Cardiac
Arrest?
Sudden cardiac arrest is a disease of the heart. Virtually
all patients with sudden coronary arrest have under-
lying coronary artery disease or other heart disease,
such as cardiomyopathy. Most patients have symp-
toms before arrest, although these symptoms may be
of brief duration. The blend of heart disease appears
to be changing, with proportionately more cardiac ar-
rests occurring due to cardiomyopathy and heart failure
compared with ischemic coronary artery disease.

What Patient Factors are Associated with
Survival?
To consider the question of what is associated with
survival, I would like to talk about patient factors,
program factors, and therapeutic factors. If we look at
the patient factors, some things are obvious. Witnessed
collapse is associated with survival. In my community
of King County, Washington, approximately 50% of car-
diac arrests are witnessed. Most happen in the home,
with a smaller percentage in a public location and some
in nursing homes. 16,17Those with cardiac arrests in pub-
lic places have the highest likelihood of survival. One
reason is that the arrest is more likely to be witnessed.
Another is that the person is presumably reasonably
healthy because he or she is out in the community.

The rhythm of VF for all practical purposes is the
only rhythm associated with survival. There are oc-
casional survivors from asystole and pulseless electri-
cal activity (PEA), but the number is very small. Un-
derlying morbidity is clearly important, and patients
with one or more comorbid conditions have a lower
likelihood of survival compared with patients without
comorbidity. 18 Age is a weak predictor of survival. It is
true that those in their 50s have a higher likelihood of
survival compared with those in their 80s, but this is a
relatively weak predictor of survival 18. Another factor
associated with survival is that of socioeconomic status.
In a study from King County, Washington, Clarke et al.
looked at almost 1,800 cardiac arrests over Þve years
and compared this with the assessed valuation of the
patientsÕ homes. Socioeconomic status was correlated
with survival (odds ratio, 1.3). 19

What Program Factors are Associated
with Survival?
Tiered-response systems tend to have a higher survival
rate compared with single-response systems. I think
this is because tiered-response programs can deliver
the Þrst tier to the scene quickly, so patients receive
CPR and deÞbrillation quickly compared with single-
tiered systems. Bystanders performing CPR double the
likelihood of survival. In addition, clearly the time from

collapse to deÞbrillation is exceedingly important. It is
clear that two times (time to CPR and time to deÞb-
rillation) are the most crucial program factors associ-
ated with survival. 20,21 Programs that can supply these
times quickly have higher survival rates compared with
programs that cannot. It has been known since 1979
that the sooner CPR and deÞnitive care (deÞbrillation)
are provided, the higher the likelihood of survival. In
a study published in 1979, there was a 43% survival
rate with short times compared with a 3% survival rate
with longer times. 20

Unknown program factors that may play a role in
determining the survival rate are the quality of emer-
gency medical technicians and paramedics. Although
this Òquality variableÓ has been one of speculation, it is a
difÞcult variable to quantify and study. The second un-
known program factor that may play an important role
in determining a communityÕs survival rate is the role
of the medical director. Does the presence of a strong
medical director who establishes very high standards
and undertakes continuous quality improvement lead
to improved survival rates? We are simply without data
to answer this question.

What Therapeutic Factors are Associated
with Survival?
Timely CPR and deÞbrillation are clearly important, but
what about deÞbrillation in the hands of laypersons?
The Public Access DeÞbrillation trial looked at the issue
of deÞbrillators in public locations and showed a sur-
vival beneÞt in the community. 22 A community study
from Seattle and King County showed an impressive
survival of 50%.23 What is not clear yet is the survival
beneÞt with the use of home deÞbrillation units. Will
home deÞbrillators lead to improved survival? A large
international multisite trial is currently addressing this
question.

Another therapeutic factor is medications: do
they make a difference? We believe that lidocaine,
epinephrine and other medications make a differ-
ence in the outcome, but there are very little data to
support this belief. Such stalwarts in the pharmaco-
logic armamentarium have been present for decades,
making them almost impossible to study in a random-
ized clinical trial.

Last, what is the role of advanced airway in cardiac
arrest? Is endotracheal intubation better than the laryn-
geal mask airway or Combitubes? Again it has been
impossible to study these interventions head to head.
Programs that use endotracheal intubation have a good
experience with it and report very high success rates
with this intubation. 24 I am aware of only one study
showing an association between time to delivery of
endotracheal intubation and survival. 25 This study, al-
though controlling for as many variables as possible,
was not a randomized clinical trial.
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Have We Improved Survival Rates Over the
Past 40 Years?

The Utstein guidelines deÞned some of the key aspects
of cardiac arrest survival statistics so that communities
can look at their performance in comparison with other
communities.26 Communities that report their experi-
ence using Utstein guidelines show a remarkable vari-
ation in survival rates both for VF and for all rhythms.
My colleague, Tom Rea, examined the published lit-
erature over 23 years from 35 communities. There
were 35,000 cardiac arrest events totaling 2 million
person-years of observation. The survival range for all
cardiac arrests was 2%Ð22%, with an average of 8.4%.
For VF, the survival ranged from 3% to 40.5%, with
an average of 18%. If these data are extrapolatedÑthe
communities represented 9% of the U.S. populationÑ
to the entire U.S. population, there would be
155,000 EMS-treated cardiac arrests in one year;
60,000 would be in VF, and 10,000 would survive
annually. 27

Why is there such variability across communities?
The exact reasons may be hard to deÞne. Utstein at-
tempted to allow cross-community comparisons, but
the problem of inconsistent denominators persists. For
example, in King County in 2000, the EMS system was
called to 1,400 cardiac arrests but initiated resuscitation
in only 808.28 The others were declared dead on arrival
or had do not attempt resuscitation orders and no resus-
citation was attempted. Other communities may have
different criteria for starting or not starting resuscita-
tion, or they may transport all patients to a hospital.
Making these patients part of the denominator inßates
the denominator and lowers the survival rate. Unless
there is consistency in what is a resusitatable patient, it
will be very difÞcult to perform cross-community com-
parisons. I know there has been some attempt to deal
with this by limiting the analysis to VF and witnessed
collapse cases. However, VF lasts for approximately 15
minutes, and clearly a cardiac arrest of 15 minutes is
completely different from a cardiac arrest of three min-
utes. How do you achieve case equivalency in studying
VF?

Have we improved survival in the past 40 years?
The answer appears to be no. Few communities report
long-term temporal data, but those that do show no
improvement in survival. A study from King County,
Washington, demonstrated no improvement in sur-
vival rate over 25 years.29 It is clear that over this
time there were factors that increased survival, such
as more deÞbrillation by emergency medical techni-
cians and more bystander CPR, but there were con-
current factors that decreased survival. The average
age of patients increased and response times increased.
The net result was a wash with no improvement in
survival.

What Can We Say About the Future
of Cardiac Arrest?

There are indeed new therapies on the horizon. Many
of these promising therapies are published in the resus-
citation update, which is part of the American Heart
Association annual meeting. At the 2005 Resuscitation
Science Symposium, there were several very interest-
ing and provocative proposals. 30 While many of these
ideas are intriguing, it must be kept in mind that there
have been many exciting therapies that have Þzzled in
the past. These include magnesium, high-dose barbitu-
rates, diazepam, high-dose epinepherine, high energy
for refractory VF, new deÞbrillatory waveforms, rou-
tine bicarbonate for cardiac arrest, and bretylium in-
stead of lidocaine.

A p romising development is the Resuscitation Out-
comes Consortium. This consortium, with funding
from the National Institutes of Health, the Canadian
Institutes of Health Research, and the U.S. Department
of Defense, will use standardized protocols to address
important research questions in resuscitation of cardiac
arrest and major trauma. Ten sites are participating in
the consortium. The Þrst research protocols for cardiac
arrest (three minutes of CPR before to Þrst shock versus
immediate shock and impedance threshold device ver-
sus no impedance threshold device) will begin in the
summer of 2006.

I would like to get on my soapbox and talk about
other developments that I believe are important. In the
current model of cardiac arrest, we are dealing with
quaternary prevention. We are not preventing the on-
set, the progression, or complications of the disease. We
are reversing death from the disease once death actually
occurs, namely, cardiac arrest. Our current model is to
rush care to the patient as quickly as possible, and in this
effort we continue to seek technological breakthroughs,
always looking for a magic medication, a magic chest
squeezer, a magic ice pack, and maybe even a death alert
device (to help with the 50% of cardiac arrests that are
unwitnessed). This has served us well for 40 years, but I
would like to pose a new model. In this new model, we
think about how to prevent VF. Can we understand the
causes and the triggers of VF? Can we reduce heart dis-
ease through detection of hypertension and diabetes? I
would be the Þrst to admit that preventing VF is a nice
sentiment but difÞcult to achieve. We do not currently
have a basic understanding of the causes and triggers
of VF. Certainly there is a lot of speculation and some
knowledge of what triggers VF. Ischemia or hypoxia
seems to be the substrate for VF, and there are metabolic
states that lead to VF. There has been much speculation
about stress and exertion as triggers for VF but nothing
deÞnitive in these areas. A promising area of research
is to elucidate genetic inßuences of VF. I am not talk-
ing about prolonged QT syndrome or other inherited
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FIGURE 2. Letter sent to patients with high blood pressure identiÞed by emergency medical technicians in King County, Washington. Source:
King County EMS, King County, Washington.

medical director is the ÒbossÓ of the EMS system and
as such must demand results from the staff. I suspect
virtually every community that undertakes this audit
will soon discover ways to shave time. Some possi-
bilities include complaint-based rapid dispatch, short
report conÞrmation of the cardiac arrest, ÒaggressiveÓ
telephone CPR for witnessed collapse, providing tele-
phone CPR in the face of agonal respirations, and direct
dispatching of police units based on global positioning
system locations.

In 1973, William Kouwenhoven received the Lasker
Award in Medicine. It was for his work in 1959 when

he and his colleges developed CPR. The citation in the
article reads, in part, ÒDr. Kouwenhoven developed
and devised the simple technique of chest massage that
makes it possible to sustain my hand the circulation in
the body long enough to get the patient to a deÞbrilla-
tor.Ó This is as true in 2006 as it was in 1960.

I would like to leave you with a challenge. The chal-
lenge is that your community does everything it can
to improve survival from witnessed VF. SpeciÞcally,
I would like to challenge you to be the Þrst commu-
nity in this country to achieve a survival rate of 50%:
the rate reported by Pantridge in his seminal program
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in Belfast. Can your community achieve a 50% resus-
citation rate for VF? Whether it can or cannot, the
challenge will always be there: to do the very best
you can.

I thank you for the honor of delivering the C. J.
Shanaberger Lecture.
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