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Historical Development: 

The earliest vestiges of our modern cardiac arrest response, or "Code Blue", may 
be in the biblical reference in which the prophet Elisha revives a child, "Then he 
got up on the bed and lay his mouth upon his mouth ... "(2 Kings 4:34). 
Descriptions of artificial ventilation can be found in the writings of Galen (177 AD) 
and Vesalius (1570); variations of open chest cardiac massage and cardiac 
defibrillation appeared through the 19th and early 20th centuries [1]. 

Then, in rapid succession Zoll, et al described successful external cardiac 
defibrillation in 1956 [2] and Safar, et al demonstrated the superiority of mouth-to
mouth airway resuscitation to other mechanical models in 1958 [3]. And in a 
classic article, Louwenhoven, Jude and Knickerbocker described the successful 
use of the combined triad of mouth-to-mouth ventilation, external cardiac 
compressions, and external cardiac defibrillation [4]. In-hospital emergency 
teams had recently been organized to facilitate airway intubation, relying on 
trained teams, pre-arranged emergency supply kits, and formal communication 
methods for activating the team [5]. These teams quickly incorporated the 
methodology of closed chest compression and external defibrillation. The modern 
cardiac arrest team was born and rapidly became standard practice, proliferating 
to the out-of-hospital arena as well. 

"Code Blue" or its variants achieved rapid and enduring iconoclastic status in 
both the medical realm and popular culture. No physician can forget the 
adrenalin rush of the "Code Blue" call during training. The response is 
immortalized as the "3rd Law" in that irreverent fictional work known to us all: 

"At a cardiac arrest the first procedure is to take your own pulse". 
The House of God [6]: 

The irresistible drama of the cardiac arrest has become standard fodder for 
television writers in series from Marcus Welby, M.D. to E.R. The movie Flatliners 
was based upon the dark premise of young, disaffected youth seeking the thrill of 
near death experience by voluntarily inducing cardiac arrest and then being 
resuscitated in the nick of time. 

The new technology brought with it a major challenge to the fundamental ethical 
premise of autonomy or patient self-determination. We generally hold that no 
medical procedure or treatment may be given without informed consent. But the 
very nature of a cardiac arrest would preclude the usual procedures for obtaining 
consent and, time being critical, any hesitation in responding would likely prove 
lethal. Thus, it has become standard practice to administer the entire cascade of 
the cardiac arrest response unless there is a specific order to the contrary: "do 
not resuscitate", or DNR. Indeed, this is the only, peculiar instance in medical 
practice where the patient (or surrogate) must specifically decline the therapy in 
advance of the indication to prevent its being administered! One must wonder 
how "Code Blue" would fare if proposed de novo. How would the F.D.A. respond 
to a request to approve a set of procedures that carry a heavy cost (physical, 
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emotional, and monetary), with mortality of around 85%, and for which waiver of 
informed consent is requested? 

Present Status: 

Soon after its initial description, treatment became standardized and guidelines 
were published by the American Heart Association. Despite multiple revisions 
and increasing complexity of the A.H.A. guidelines, the basic framework has 
survived almost unchanged from that established by 1966 [7]. 

So how have we done over the last four decades? The following figure shows 
immediate survival (now termed return of spontaneous circulation, ROCS) and 
survival to hospital discharge rates in 50 reports of at least one hundred patients 
by date of publication from 1963 to 2003; total n=29,450 patients [8-25]: 

Four Decades of Code Blue: 
Results of in-hospital cardiac arrest responses 
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There has been modest improvement in immediate survival, from around 35% to 
45%. Early variation likely represents differences in case mix, severity of illness, 
and reporting definitions. The most recent and extensive series (comprising 
nearly 15,000 patients in the United States), the American Heart Association's 
National Registry of Cardiopulmonary Resuscitation (NRCPR) [25] uses the 
standardized international reporting definitions adopted in 1997 (referred to as 
"Utstein style") [26] . Despite its large size and standardization, immediate 
survival (ROSC) was 44%, which is virtually unchanged from reports over the last 
two decades. 
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The most striking observation, however, is that overall survival to discharge has 
remained constant over the entire four decades of "code blue", averaging 16%. 
The outcome for patients experiencing in-house cardiopulmonary arrest is further 
detailed in the figure below, adopted from the BRESUS study [23]. 

Survival Following In-Hospital CPR 
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The functional outcome in survivors is best described in the NRCPR [25]. 
Neurological function at discharge is shown below: 

100% 

90% 

80% 

70% 

60% 

50% 

40% 

30% 

20% 

10% 

Neurologic Status of Patients Discharged Alive 

] [] Pre-admission II Discharge I 

0% ~~-L~L---L-~~--~--L-~---C~==~ 

Good 
performance 

Moderate Severe disability Coma/vegetative 
disability state 

Overall, nearly 60% were discharged with "good cerebral performance". Further, 
of patients admitted with good neurological performance (Cerebral Performance 
Category 1 ), 86% were discharged intact. However, this somewhat rosy statistic 
is potentially misleading when considering overall cerebral survival since a 
substantial number of immediate survivors are then made "DNR", have care 
withdrawn, or are deemed brain dead (63%, 44%, and 8% respectively). Those 
ultimately discharged alive and with intact cerebral function very likely represent 
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the distillation of the "Darwinian challenge" of post-resuscitation complications 
and decision-making. A slim majority (51%) was discharged to home; the 
remainder sent to other hospitals, rehabilitation centers, nursing facilities, or 
hospice. Average length of stay for survivors to discharge was nearly two weeks. 

Cost analysis is always a difficult issue, perhaps more so for cardiac arrest 
response given the inherent multiplicity of variables and assumptions in such 
models [27-29]. One reasonable estimate is that cardiopulmonary resuscitation 
costs $407,000 (range $344,000- $967,000) per life saved or $226,000 
($191,000- 537,0000) per year of life saved. The usually quoted upper threshold 
for "reasonable cost" is $100,000 per year of life saved. These compare to the 
cost per year of life saved for tPA for acute myocardial infarction (GUSTO), 
$32,700; liver transplant, $44,000, and chemotherapy for non-lymphocytic 
leukemia, $64,000 [29]. 

Perhaps a fair statement of the odds of a "good outcome" when advising patients 
regarding DNR decisions is that, overall, 7- 8% of patients will be discharged 
alive, to home. with neurological and functional status intact. Grim as this figure 
is, as the saying goes, one might view this as being "better than the alternative". 
While certainly not futile, taken as a whole, cardiopulmonary resuscitation is a 
very expensive treatment with limited benefit. 

This discussion will examine the reasons for the lack of progress and potential 
strategies for improvement, especially with respect to in-hospital arrests. Three 
broad options suggest themselves: limiting the use of CPR, improving 
methodology, and prevention. 

Limiting CPR Utilization: Advance Directives and DNR: 

One obvious approach to the problem would be to minimize the use of CPR in 
patients who are least likely to benefit through the wider implementation of 
advance directives and more timely initiation of DNR decision making. 
Practitioners of ICU medicine today frequently encounter frustrating situations in 
which the first contact with patients (and their families) with severe, 
overwhelming illness is following "successful" resuscitation, often with lack of 
evidence of intact cerebral function. The most immediate question in such 
situations is, "Why?" The answer usually is that the patient/family wanted 
"everything done". 

The wisdom of attempting resuscitation in all such patients has been frequently 
questioned. The titles of several editorials on this subject are telling: "Cardiac 
resuscitation in hospital: more restraint needed?" [30] and "Must we always use 
CPR?" [31]. My own experience as a young house-officer here at UT 
Southwestern in the early 1980's describes the polar extremes of approaches at 
the time to the DNR issue. One major faculty member firmly held that no patient 
in the ICU could be "DNR", regardless of circumstances or patient/family wishes. 
Another held that in cases where CPR would be "futile" the patient/family would 



be reassured that "everything reasonable would be (or was) done" without 
offering or attempting CPR. In both situations the approach primarily embraced 
the ethical concepts of paternalism and beneficence. 

The A.M.A. ethical guidelines acknowledge the principle of futility in a broad 
sense, though specifically stating that it is very difficult to define [32]. Current 
ethical practice (including the A.M.A. Code of Medical Ethics) embraces 
individual autonomy or self-determination as the primary ethical premise, 
trumping beneficence and paternalism [33]. Judgments as to futility on the part 
of physicians are problematic. This is particularly true for DNR decisions. With 
few exceptions, pre-arrest information is sufficiently inconclusive to preclude an 
absolute determination on the part of the physician that CPR would be entirely, 
universally futile (vide infra). Furthermore, while physicians and nurses are 
particularly adept at predicting outcome, correlations between what practitioners 
(and surrogates, including spouses) believe to be what patients would desire in 
situations of life support/withholding are very poor [34-36]. 
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Current formulations of guidelines and policy, while requiring a physician order to 
withhold CPR (DNR), preclude unilateral physician decision-making and require 
patient/family consent. Indeed, current VHA policy specifically proscribes the 
entry of a DNR order by a physician against patient/family wishes. Texas law 
currently allows for withdrawal of care (and therefore DNR) in futile cases over 
surrogate objection, but only in very narrowly defined circumstances that are 
actually only rarely invoked [37, 38]. Although formal ethics committees may 
assist in decision-making, ultimately the role of the physician in cases where 
CPR is felt to be inappropriate is to achieve consensus with patient/family. This 
clearly requires skill, finesse, and patience. 

Thus, decisions to withhold CPR (DNR) generally cannot be made unilaterally by 
the physician and require acquiescence. The role of the physician in this 
decision-making process is therefore to first, and foremost, provide appropriate 
information to allow for true informed consent. 

The need to provide patients with accurate information is vividly illustrated by the 
observation that the public's expectations of survival following CPR are grossly 
overly inflated. In one American survey, respondents predicted 65% survival rate 
following CPR; chillingly, 58% cited television as a major source of their 
information on the subject [39]. Television may very well be influencing public 
attitudes regarding CPR. Two studies, one American [40] and one British [41], 
sampled the frequency and outcome of CPR portrayed in popular shows such as 
ER, Chicago Hope, and Rescue 911. American television survival (analogous to 
ROSC or immediate survival) was 75% whereas actual survival is only 44% 
(NRCPR). British shows were more realistic, indeed even pessimistic, portraying 
survival in 25% as compared to actual survival of 45% (BRESUS). 
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Ideally, expected outcome from CPR might be better refined for individual 
situations. Indeed, a great deal of information exists regarding prognostic 
indicators for successful CPR outcome. Numerous factors associated with the 
code itself, many of which are inter-dependent, have been identified that 
influence outcome: location, witnessed onset, primary mode, initial EGG rhythm, 
response times, organization of response, quality of response, etc. 
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Overall survival for out-of-hospital arrests (3-8%) has historically been much 
worse [42-45] than for in-hospital arrests (16%). Patients arresting in monitored 
environments (especially CCU, telemetry) generally do better than those found in 
other areas, especially the general wards. Witnessed arrests fare better than un
witnessed. Primary respiratory arrests are favorable as compared to cardiac or 
mixed etiologies [18, 23, 25, 46, 47]. 

An initial EGG rhythm of ventricular fibrillation or pulseless ventricular tachycardia 
(VFNT) carries a far better prognosis than other rhythms, especially asystole or 
pulseless electrical activity (PEA); e.g. 35% vs 11% respectively in the NRCPR 
[25]. Delays in initiating CPR and time to first shock are related to poor outcome. 
The organization and composition of the response team (untrained bystander, 
EMT, ACLS-trained paramedic/nurse/physician) may all influence outcome [46]. 
These particular factors are largely interrelated and are particularly important 
when considering differences between in-hospital and out-of-hospital arrests. 
(This topic will be covered in greater detail later in this discussion.) 

Unfortunately, prognostic factors related to the arrest itself are of limited, if any, 
value in advance decision-making as they are largely unpredictable. Pre-arrest 
prognostic factors have also been identified which might be of use; these 
generally include diagnosis and functional status. The figure below is taken from 
a meta-analysis [48]. 
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The odds ratio (with 95% Cl) for several factors are shown, comparing survival 
for each to overall survival; mean rates of survival to discharge are shown in 
parenthesis). A primary diagnosis of cardiac disease is generally somewhat 
favorable. On the other hand, metastatic cancer has a particularly grim outcome, 
survival being almost 45 times less likely than all patients in whom resuscitation 
is attempted. The lack of survival in these patients has been documented 
elsewhere as well [49]. Non-metastatic cancer has an unfavorable prognosis with 
respect to CPR which is similar to renal failure in this analysis. Poor functional 
status, irrespective of diagnosis, is also a predictor of poor outcome [18]. Age 
over 70 has a minor effect (independent of these other factors). While this has 
been noted elsewhere [20, 50], others have not been able to demonstrate an 
independent effect in the elderly [51]. 

One issue which is not often discussed is what I call the fallacy of the "reversible 
process" in DNR decision-making. We are often reluctant to advocate DNR 
status for patients with problems which we believe might well improve with 
therapy, for example pneumonia, sepsis, congestive heart failure, or pulmonary 
embolism. While on whole these diagnoses do have a more favorable expected 
outcome than patients with advanced carcinoma, the real probability which 
matters here is not the expected survival for, say pneumonia, but the expected 
outcome with that diagnosis coupled with the onset of sudden death. Clearly this 
event (death) is a marker for those patients with the most advanced 
pathophysiologic derangements. Several studies have, in fact, shown that the 



outcomes following CPR with pneumonia, sepsis, pulmonary embolism, stroke, 
or class IV heart failure are as poor as with cancer [18, 52, 53]. 
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Tanvetyanon reported that despite similarly poor outcome and rates of ultimately 
being made DNR (72-84%), patients with end-stage heart failure underwent 
considerably more extensive invasive therapy and were made DNR much later in 
their course than patients with cancer [53]. One need not advocate withholding or 
withdrawing care in all such patients. Indeed, maximum therapy up to the point of 
CPR is common practice in the ICU; DNR status and maximal efforts are not 
mutually exclusive. 

Based upon observations that certain groups of patients have particularly poor 
predicted outcome from CPR, some have attempted to formulate predictive 
models for making DNR decisions, e.g. the Pre-Arrest Morbidity Index or 
formulations of APACHE II coupled with diagnosis [21, 48]. Unfortunately these 
models have limited utility in individual patients, especially with respect to 
defining "futility". While we may project the odds of successful outcome as being 
very limited (e.g. in the range of 3-5% for many of the "reversible" conditions 
mentioned above), patients and families often may not view this as "futile" and 
thus elect to not to be DNR. Our role must be to present clear information with 
respect to the expected benefits (or lack thereof) of CPR to our patients so that 
they may make realistic decisions, making it clear that DNR does not equate with 
"do not treat". Ideally we should have these discussions at an appropriate time in 
the patient's course, but well in advance of the need. 

Concerns that such discussions should be deferred in certain cases where we 
expect "reversibility" should be dispelled given the above. We should impart to 
our patients the clear idea that while we will continue maximal efforts, if their 
disease process progresses to the point of sudden death, then in many of these 
cases there is little hope for surviving neurologically and functionally intact. 
Perhaps this is best summed up by a modern "neo-existentialist" philosopher: 

"Death is nature's way of telling you to slow down." 
--Alfred E. Newman 

As a group, physicians have not done well in having DNR discussions with our 
patients. In one study, nearly 2,000 patients were interviewed with respect to 
their preferences regarding CPR/DNR. Only 29% had discussed their 
preferences with their physician. Almost 30% stated that they would not want 
CPR; less than half of these had discussed this with the physician [54]. 

The federal Patient Self-Determination Act (PSDA) of 1990 was intended to 
facilitate this process [55]. It requires all Medicare provider hospitals (thus all 
hospitals) to provide patients with information regarding, and assistance in, 
completing advance directives. Implementation came with great effort, cost, and 
diversion of health care resources. Despite these efforts, the data (especially 
from the SUPPORT investigation) suggest that the PSDA has had almost no 
impact on the implementation of advance directives [54, 56-59]. A recent article 
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estimates that the prevalence of written directives is still only about 25% and not 
significantly changed following the PSDA as well as numerous state laws 
governing advance directives [60]. These authors suggest that the process 
should be reformed to simplify the process, allow greater flexibility in determining 
surrogates in cases where no written directive exists, and to emphasize 
facilitation of physician-patient communication on end-of-life issues. 

Given the failure of the PSDA it seems unlikely that a solution will be found 
through legislation. The recent spectacle surrounding the tragic Terri Schiavo 
case [61-63] may have raised the specter of political intervention in individual 
end-of-life cases to the point that more Americans will pursue advance directives 
[64], but certainly emphasizes that if our profession does not find solutions others 
are more than willing to intervene. 

Congress rushes bill 
on Schiavo to Bush 

Improving CPR Methodology: Guidelines and Training: 

Within years of the original description of CPR, techniques were standardized 
and instructional courses organized, first emphasizing training for medical 
personnel and later expanding to the lay public. The American Heart Association 
(AHA) became the primary organization for setting standards, developing the 
accepted training curriculum, providing training materials, etc [65]. Initially 
training focused upon basic resuscitation skills, but using the 1973 guidelines 
AHA soon developed two levels of instruction and certification, basic life support 
(BLS) and advanced cardiac life support (ACLS). Periodically conferences have 
been held to review the ever-expanding body of scientific data relating to CPR 
and new modifications of the guidelines are published. 
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Over the years the complexity of the AHA BLS/ACLS guidelines has steadily 
increased. The figure below attempts to give objective definition to this by 
showing the page length of each revision as published in the journal Circulation. 
The last revision, in 2000, significantly expanded the scope of training by 
including a significant number of new chapters on a whole range of critical care 
topics such as managing pulmonary embolism, acute coronary syndrome, 
pneumothorax, etc. A new revision is due in 2005; we can only speculate as to 
how much more involved it will be. 

Complexity of AHA Guidelines for CPR I ACLS 
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Most hospitals require BLS training for all direct-patient-care personnel and 
ACLS training for relevant personnel (ER, ICU, OR, cardiac arrest team, etc). 
Certification is required every two years. Our department has enthusiastically 
supported these training efforts. The figure below shows the time distribution of 
various components of the orientation week for incoming UT Southwestern 
internal medicine interns; two full days are dedicated to ACLS training. 
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There are data to support the utility of these Herculean training efforts. The 
quality of CPR provided to victims of out-of-hospital arrests does appear to 
influence survival [45, 66, 67]. Training of in-hospital staff for ACLS also has 
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been shown to have some benefit [68-70]. Lowenstein evaluated the effect of 
ACLS training by looking at survival in a teaching hospital before and after 
provision of formal ACLS training to residents. Immediate survival was improved 
(from 32% to 60%, p=.009), however there was no statistically significant 
improvement in survival to discharge [68]. 

Furthermore, there are data which demonstrate that despite these training 
efforts, the quality of both out-of-hospital and in-hospital CPR efforts is often 
poor, the commonest problems being excessive interruptions in chest 
compressions (absent during almost one half of the code period) and 
compressions which are too shallow [44, 71]. Unfortunately correction of these 
two problems using an active compression-decompression device did not 
improve survival [72]. Numerous studies have shown that the retention of CPR 
skills following training is very poor and that AHA protocols are frequently not 
followed [65]. One editorial written by prior members of the AHA committee which 
developed the current guidelines suggests that the current length/complexity of 
the guidelines and algorithms interfere with retention and performance. The 
authors suggest that we need to considerably simplify the guidelines and training 
programs, emphasizing only the most basic skills [73]. Interestingly, the ILCOR 
"Universal ALS Algorithm" of 1997 was published in just 3 pages! [74] 

In fact, two studies have failed to demonstrate a positive incremental survival 
benefit from ACLS (the last link in the "chain of survival" after early access, CPR, 
and defibrillation) in both out-of-hospital and in-hospital situations [75, 76]. The 
BRESUS study was conducted prior to the development and implementation of 
formal, standardized guidelines, training courses, and certification in Britain; 
overall survival was no different than in the U.S. where such guidelines and 
practices had been in existence for decades [23]. Furthermore, adoption of the 
International Liaison Committee on Resuscitation (ILCOR) and European 
Resuscitation Council standardized guidelines [77] and training courses, 
Advanced Life Support, (analogous to the American BLS/ACLS standards) did 
not improve overall survival in Britain [78]. 

Thus, while use of standardized guidelines and training may have modest effects 
on short term survival following CPR, the data demonstrating a significant effect 
on long term survival are lacking. Studying more and trying harder just doesn't 
seem to be the answer (at least in this case). 

Improving CPR Methodology: Automated External Defibrillators (AEDs): 

Based upon extensive literature, the A.H.A. developed the concept of the "Chain 
of Survival", based upon the notion of the "Golden Hour" in trauma but 
compressed into minutes, to formulate strategies for improving CPR outcome 
[46]. The concept emphasizes the earliest possible implementation of four key 
steps to successful outcome: access (emergency recognition and summoning of 
definitive help); initiation of effective CPR (rescue breathing and chest 



compressions); defibrillation of appropriate rhythms (VF, pulseless VT); and 
provision of advanced life support (ACLS). 
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This formulation is based upon numerous observations that suggest that 
combinations of delayed CPR(> 4 minutes) and late advanced life support(> 12 
minutes) are particularly lethal, the so-called "lethal zone", thus emphasizing 
rapid initiation of each [46, 79]. 

The concept is firmly anchored by key observations of the mechanisms and 
progression of sudden death in out-of-hospital arrests and has led to major 
improvements in survival in this group of patients. In contrast to in-hospital 
arrests (vide infra), the vast majority (up to 85%) of patients are felt to result from 
VFNT arrests due to underlying ischemic heart disease [80]. VFNT will 
deteriorate to other, less favorable rhythms such as PEA and asystole if not 
promptly terminated. Early initiation of CPR may prolong the duration of VFNT, 
delaying the onset of more lethal rhythms [81-83]. Thus, the proportion of 
patients whose initial rhythm is VF NT is related primarily to time between onset 
and recognition as well as delivery of definitive care (especially CPR and 
defibrillation) in this population [46]. Successful outcome correlates with 
witnessed arrest, early initiation of effective basic CPR, and time to defibrillation. 
Thus, overall success correlates dramatically with successful termination of 
preserved VFNT. Indeed, 80-92% of survivors of out-of-hospital arrest come 
from those whose initial rhythm is VFNT [46]. 

In an exceptionally well-organized ("mature") response system such as in 
Seattle, WA (King County), overall survival correlates well with the survival of 
patients found in VF/VT [84]. This system has employed aggressive lay 
(bystander) training and thus early recognition and initiation of CPR coupled with 
rapid response of personnel (EMS/paramedics) trained and equipped to provide 
defibrillation and ACLS care. Over a period of 14 years, overall success has 
correlated with successful outcome of initial VFNT rhythm; improvements in 
response times have led to improved survival. 
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Because the preponderance out-of-hospital arrests are due to VFNT, a 
reformulation of the Chain of Survival has been suggested which emphasizes 
early defibrillation over early CPR [85]. Implementation of this approach has been 
dramatically facilitated by technological advances in defibrillation, namely the 
development of automated external defibrillators (AEDs). 

Chain of Survival: Use of AEDs 
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Traditional defibrillators require extensive training in rhythm identification and 
operator-dependent application of complex defibrillation algorithms with 
expensive devices requiring a high degree of maintenance and frequent quality 
control. AEDs are relatively inexpensive and require minimal maintenance. Once 
leads are placed, the devices are capable of recognizing "shockable" rhythms 
with an extremely high degree of accuracy. If an appropriate rhythm for delivering 
shock is identified, the device either automatically delivers the appropriate 
counter-shock (fully automated) or provides visual and/or auditory cues to the 
operator to "clear" and to push the "shock" button (semi-automated). Details of 
AED operation and technology are beyond the scope of this discussion; nice 
summaries are found in the bibliography [85, 86]. 



The following figure, borrowed from Marenco, et al [86], illustrates the general 
operation of an AED. 
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Operation is relatively simple and self-explanatory. Studies have demonstrated 
the ease with which successful operation can be learned and retained, e.g. in 
non-critical care nurses [87, 88]; EMS personnel [46]; non-medical "first 
responders" such as police [27, 89, 90], non-paramedic firemen [46], security 
personnel [91-93], flight attendants [94], as well as the lay public [95-97]. Indeed, 
even "na"ive" 6th graders with no prior training or experience have demonstrated 
the ability to properly use the devices nearly as rapidly as trained personnel 
(validation, perhaps, for the "Nintendo generation") [98]. 

AED training and deployment in selected environments has led to dramatic 
improvements in out-of-hospital sudden death. The combined importance of 
survival from VFNT arrest and use of AEDs on survival to discharge for out-of
hospital arrest is demonstrated in the figure below. Overall survival with 
traditional out-of-hospital response organization has been around 6% for VFNT 
arrest [42-45]. When AEDs have been deployed for use by first-responders such 
as security personnel in gambling casinos [92] and airports [91], or flight 
attendants on-board commercial aircraft [94] trained in their use, the overall 
survival for VFNT is around 40%. 

These "best case" situations are somewhat unique in that they have a high 
population density, higher likelihood of arrest (stressful situations), greater 
likelihood of immediate recognition (e.g. an unintended but pleasant 
consequence of the monitored surveillance cameras in casinos), with an ever
present but limited group of trainable personnel. 
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Utilization of "first-responder" AED use in other public venues has also been very 
successful in improving survival, though quantitatively less so than in the above 
"best case" scenarios [90]. For example, training and equipping police officers 
with AEDs improved overall survival from 3% to 26% in 7 communities [89]. In 
the Public Access Defibrillation Trial training of lay personnel and deployment of 
AEDs in various public areas resulted in improvement of overall survival from 
14.0% to 23.4% (p=0.03, relative risk 2.0, 95% Cl 1.07-3.77) [95]. However, this 
effect was present in public areas (such as recreational facilities, shopping malls, 
community centers, large office buildings, and entertainment complexes) but not 
in residential sites (such as apartment complexes or homes). 

Others have demonstrated the cost-effectiveness of first-responder use of AEDs 
in selected situations; e.g. estimated cost per life saved $23,500 to $70,000, cost 
per year of life saved $1,580 to $16,000 for equipping police with AEDs [27]. 
Another estimate suggested a cost of $30,000 per quality adjusted person year 
saved for EMS programs equipped with AEDs [97]. 

Generalized deployment of AEDs is more problematic; specific guidelines as to 
where AEDs should be placed are evolving. Current A.H.A. guidelines (which are 
due to be modified in 2005) suggest that public access defibrillation programs 
(AEDs) be used in sites which have a reasonable risk of AED use, i.e. 1 cardiac 
arrest per 1 ,000 person-years and/or and EMS to shock time of >5 minutes which 
cannot be achieved with system reorganization [85]. Decisions in specific areas 
are thus difficult as such statistics generally do no exist. If one accepts that the 
incidence of cardiac arrest is 55 per 100,000 person-years in the general 
population [42], this would translate into cost-effective deployment of AEDs in 
public locations expected to have around 2,000 people per day (if I've done my 
math right). How many AEDs and where is even more difficult to estimate. How 
rapidly evolving information on and utilization of automated implantable electronic 
defibrillators (AICDs) targeted to patients at risk for VFNT arrest will impact 
these considerations remains to be seen, but conceivably successful use of 
AICDs could diminish the cost-effectiveness of first-responder AED use. 
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Nonetheless, utilization of AEDs in various permutations in the out-of-hospital 
arena has clearly yielded significant gains in survival from sudden cardiac arrest. 
This contrasts sharply with the notable lack of progress with respect to survival of 
in-hospital sudden death as noted above. Inevitably this has led to the 
suggestion that AED deployment might be beneficial in the hospital as well by 
extending the concept of early defibrillation. 

Improving CPR Methodology: AEDs in the Hospital: 

Kaye and Mancini have advocated for training and deployment of AED's in 
hospital locations traditionally served by conventional cardiac arrest teams 
(CAT). Borrowing on the success in the out-of-hospital setting, they suggest that 
in a cardiac arrest first-responders should first initiate use of an AED rather than 
initiating CPR (rescue breathing and chest compressions); standard ACLS (CAT) 
response would then follow [88, 99, 100]. They and others have shown that non
critical care nurses and other personnel can be taught to use the AED with 
relative ease [87] and that such programs can be implemented in the inpatient 
environment [1 01, 1 02]. 

Outcome data for inpatient AED use is limited and, as yet, have not shown 
improved outcome. The only available published data on outcome that I was able 
to find come from a 1997 abstract [102]. Personnel were trained and AEDs 
placed throughout one hospital in non-ICU settings (telemetry and general 
wards). Over a 31 month period there were 111 cardiac arrests in these areas; 
AED's were used in 35%. Overall survival resembled outcomes from numerous 
other studies (vide supra). The study confirmed that outcome is generally better 
for VFNT arrests and for those occurring in a monitored environment (telemetry). 
The data for patients specifically with VFNT suggested a non-significant survival 
benefit for those in whom AED was used as compared to conventional 
defibrillation. However, there was no apparent independent effect of AED use on 
overall survival, especially in patients on the general wards. 

Though advocated since 1995 [99], acceptance of generalized AED use in 
traditional hospital settings has been reluctant, at best. AEDs were found in only 
33% of hospitals participating in the NRCPR (January 2000 through June 2002) 
and used in only 1.4% of cardiac arrests [25]. Reluctance has been ascribed to 
numerous factors including cost, cultural resistance to change, feelings of 
intimidation on the part of personnel unfamiliar with defibrillation, delays in 
initiation of CPR, problems converting to conventional defibrillation units upon 
arrival of CAT/ACLS personnel, etc. To a great extent these problems could be 
overcome. However, proven benefit is as yet not available. Furthermore, two 
fundamental assumptions of this approach may not be tenable. 

First, in-house AED use has been generalized from the undeniable success in 
the out-of-hospital environment. However, as noted above the success of these 
programs has come almost entirely from improvement in VFNT arrests. The vast 
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majority of out-of-hospital arrests begin as VF NT, which would of course lend 
itself to early defibrillation. In contrast, the vast of majority of in-hospital arrests 
(especially outside cardiac units) are due to other mechanisms (pulmonary, 
metabolic, etc) and other rhythms, especially pulseless electrical activity (PEA) 
and aysytole. Up to 85% of out-of-hospital arrests are due to VFNT [80] whereas 
VFNT accounts for only 25% of in-hospital arrests [25]. In fact, VFNT occurred 
in only 25% of patients in Kaye's study of in-hospital AED use [102]. Further, 
survival for VFNF arrest is, if anything, already better for in-hospital arrests as 
compared to out-of-hospital arrests with early defibrillation. For example, survival 
was 35% in the NRCPR [25] as compared to 23% in the Public Access 
Defibrillation study [95]. 

VFNT Arrest: 
Out of Hospital vs In Hosptial Comparison 
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This might suggest that it would be difficult to further improve in-house VFNT 
arrest survival beyond current levels through use of AEDs. Improving overall 
survival would likely be less responsive to AED use, especially since the 
"substrate" where improvement is most needed (the general wards) is largely due 
to non-VFNT (i.e. non-shockable) events such as PEA and asystole. 

The other conceptual problem with generalized in-hospital AED use stems from 
the assumption that reversing the order of CPR and defibrillation (to improve 
VFNT survival) would have no adverse effect on other rhythms (PEA/asystole). 
The argument as stated is, "For patients who have asystole or PEA, whose 
prognosis is dismal, the delay in CPR to obtain an AED will make little difference" 
[88]. However, while outcome from PEA/aystole is significantly worse than with 
VFNT, it is by no means nil. Overall survival in this group is still around 10% with 
current approaches [25]. In Kaye's study of AED deployment survival for 
PEA/aystole was 6% [1 02]. Delaying CPR (both rescue breathing and chest 
compressions) may or may not affect outcome in this group (who comprise 75% 
of arrests on the general wards), but it certainly cannot be expected to help. 

While enthusiasm for generalized deployment of AEDs throughout the hospital 
should perhaps be tempered for the moment, the idea may still have merit. One 
of the critical determinants of survival for in-hospital arrest is the response time 
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for the cardiac arrest team [103]. In this study survival was 53% when response 
time was less than 3 minutes, 10% when greater than 3 minutes. There were no 
survivors when response time exceeded 5 minutes. 
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Perhaps some attention should be given to using variable forms of arrest 
response based upon observed CAT response times within one's own institution. 
For example, where existing CAT response time is <3 minutes (in-patient as well 
as out-patient), the traditional model of first-responder notification and initiation of 
CPR followed by CAT/ACLS care would be used. First-responder use of AED 
followed by CAT/ACLS would be used in areas with response times in excess of 
3 minutes. We are currently evaluating data in our institution with this possibility 
in mind. 

In non-contiguous areas where response times by the CAT are greater 
(especially> 5 minutes), deployment of AEDs for areas with high population 
density and use of community-based EMS/paramedic response (traditional "911" 
response) may be preferable (vide supra). Non-contiguous areas with prolonged 
CAT response times and low population density might benefit most from 
traditional "911" response alone. Thus, for complex medical centers one can 
conceive a four-tiered response organization as follows: 

Respons~ 
Response Time Contiguous Po_~!. Dens~ty 

Traditional CAT <3 min Yes n/a 

AED/CAT >3 min Yes n/a 

AED I "911 II > 5 min No High 

"911" > 5min No Low 
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Prevention of Cardiac Arrest: the Medical Emergency Team (MET): 

The Harvard Medical Practice Study demonstrated that significant adverse 
events occur in 3. 7% of hospitalized patients with fatal results in 13.6%. 
Negligence contributed to 27.6% [104]. A significant number of these events 
were due to delays in using appropriate diagnostic studies or failure to act on 
results of tests or findings [1 05]. The Quality in Australian Health Care Study 
found significant adverse events in 16.6% of admissions; 51% were judged to be 
preventable [1 06]. Others have noted that although negligence (the focus of the 
Harvard study) is clearly important, the majority of medical injuries (70%) are due 
to other problems which relate more to systemic processes and/or organizational 
structure rather than individual practitioner errors [1 07]. 

Such observations have led to contemporary efforts to improve patient safety 
through mechanisms which are less punitive in nature and which focus on 
improving the process of care. Indeed, this has become the central logic for 
JCAHO. One might well view an in-hospital cardiac arrest as the "ultimate 
adverse event". If preventable, restructuring of hospital process might 
conceivably improve patient safety. 

One approach which embraces these principles is the concept of the medical 
emergency team (MET) which was developed and championed in Sydney, 
Australia in the early 1990's by ardent proponents, most especially Professor 
Ken M. Hillman and his colleagues [108, 109]. Variations on this theme include 
the "patient at risk team" (U.K.) and the "rapid response team" (U.S.A.). Briefly 
stated, the concept is to extend the use of the ICU-based cardiac arrest team by 
preemptively responding to other areas of the hospital for patients showing 
clinical signs of deterioration that might be predictive of arrest (vide infra). 

The hypothesis underlying this concept is that patients who are either transferred 
to ICU or who actually "code" are often in the hospital and seriously ill, showing 
signs of deterioration. Under the traditional CAT model, by the time the patient 
finally arrests, the patient's condition may be in "an unrecoverable spin"; i.e. "the 
die is cast" and resuscitation efforts are "too little and too late". Early 
identification and treatment of patients "at risk" by a team trained in resuscitation 
might thus decrease the incidence of cardiac arrest and improve mortality. 

The concept is supported by several key observations. Out-of-hospital arrests 
usually represent "sudden death". In contrast, patients who experience in
hospital arrest by definition generally have identified illness or risk factors and are 
thus not truly "sudden". It has been shown that there are often significant 
warning signs of impending collapse [11 0]. Bedell, et al, found that 9% of arrests 
might have been prevented by stricter attention to clinical and laboratory findings 
[111]. For example, within six hours of ICU transfer from general ward units, up 
to 75% of patients are started on oxygen, have blood gas sampling, and/or have 
Sp02 of less than 90% [112]. Such patients often receive suboptimal pre-ICU 
care [113, 114]. Schein, et al, found that 84% of arrests were preceded by 
significant observations of deterioration [115]. Tellingly, these changes were 
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frequently (66-84%) documented in the patient's record in the 6 hours preceding 
arrest [115, 116] but not necessarily acted upon. The most frequent signs of 
potential arrest include admission for respiratory failure, tachypnea, dyspnea, 
abnormal heart rate, hypotension, and change in mental status [13, 115-120]. 

The "traditional" Australian formulation of the medical emergency team (MET) in 
essence extends the role of the CAT ("outreach critical care") and is laid out in a 
series of articles beginning in the early 1990's with subsequent modification [1 08, 
109, 121-125] which chronicle the implementation of the concept in Australia. 
Key differences with respect to traditional CAT are that response is initiated by 
any medical person (RN, RT, MD, etc) concerned about a patient based upon 
pre-determined clinical criteria (i.e. not only for cardiac arrest) and without 
requiring pre-notification/authority from the patient's primary physician team. The 
essential elements are shown below. 

Medical Emergency Team (MET): 
The Australian Model 

Composition (minimum): 
ICU physician (fellow and/or attending) 
ICU nurse 
Respiratory therapist 

Availability: 24/7 
Activation: Any concerned medical staff member 
Activation criteria: significant change in HR, BP, RR, MS 
Response: Immediate 
Interventions: Full range of resuscitation measures 

Through a series of observations, activation criteria for the MET were simplified 
and ultimately formulated so that activation was to occur if any one of the 
following were present: 

MET Activation Criteria 
(Call Team if Any Are Present) 

Any cardiac arrest 
RR <5, >36 
HR <40, >140 
BP <90 
MS GSC drop of 2 or more 

Although these criteria were fairly sensitive for identifying patients at risk for 
cardiac arrest, others quickly realized that the specificity might be poor, thus 
resulting in excessive and unnecessary MET use. Hodgetts, et al, reviewed 
charts of 118 cardiac arrest patients and 132 randomly selected non-arrest 
patients and developed a scoring system based on the degree of abnormality for 
a range of variables including the above. Values for traditional variables as above 
would give a score of 4 for each in these ranges, with lower values for less 
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severe changes. For a score of 4 (i.e. one traditional abnormal value) sensitivity 
for predicting cardiac arrest was 89%, sensitivity 77%. At a score of 8 (two 
traditional abnormal values) it was 52% and 99% respectively. These authors 
concluded that while the traditional approach had good sensitivity, the sensitivity 
would result in excessive MET activation and therefore recommended that the 
primary team be notified. MET activation was recommended only for those with 
multiple criteria (despite the poor sensitivity) [126]. 

This illustrates one serious weakness to the conventional MET model (as well as 
the difficulties encountered in trying to determine "alert levels" in automated 
systems, vide infra). Note that the study compared a slightly smaller control 
group to those who actually arrested. Had they sought to determine the true 
prevalence of abnormal values for any of these criteria for ALL patients in the 
hospital at a given time, one might anticipate that far more non-arrest patients 
would have one or more abnormalities, resulting in a significant dilution of the 
specificity and even greater over-activation of the team. The clinical staff in 
hospitals with METs has apparently recognized this problem intuitively for in 
practice more than half of MET activations are based upon other observations, 
most commonly that a staff member is "worried" about the patient. 

Evaluation of MET effectiveness comes from a series of studies, usually in single 
hospitals, in which outcome is compared before and after implementation of 
METs. In keeping with the philosophy that waiting until a patient arrests is "too 
little, too late", it is not surprising that no outcome study of MET or its variants 
has shown improved survival from actual cardiac arrest. 

Several studies have shown a reduction in cardiac arrest incidence [127 -129] 
while a number of to others have shown no benefit [130-132]. The majority of 
these studies have shown no effect on overall mortality [128, 130-132]. 

One frequently cited study in support of the MET is that of Buist, et al [127] which 
is shown below. They reported that the incidence of "cardiac arrest" as well as 
hospital mortality declined significantly from a period (1996) prior to MET 
implementation as compared to after (1999). This paper has been heavily 
criticized based upon the study design and the observation that both cardiac 
arrest and mortality were already decreasing significantly prior to (and likely 
independent of) MET activation. It was also noted that they used a strange 
definition of "cardiac arrest" ("We adopted a working definition of cardiac arrest
namely, that a staff member was so concerned about a patient that they made a 
cardiac arrest call, regardless of whether the patient was actually having cardiac 
arrest.") Further, it was suggested that observed effects might well be explained 
by other factors such as DNR implementation, education of staff, case mix, 
"Hawthorne effect", etc [133, 134]. 
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The study by Salmonson, et al is representative of several "negative" studies 
[130]. Over a three year period MET use increased significantly yet there was no 
significant change in overall hospital mortality or rate of cardiac arrest. 

Effect of MET Implementation on 
Mortality and Frequency of Code Frequency 

[IJMET Calls IJAII-Cause Deaths •cardiac Arrests I 
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Bellomo, et al suggested an astounding 26% reduction in overall hospital 
mortality following implementation of MET [129]. Unfortunately the magnitude of 
this change appeared to be significantly affected by seasonal variations in the 
two periods. Further, in the period following MET implementation the hospital had 
experienced a favorable shift in case mix favoring reduction in expected 
mortality; there was a substantial reduction in medical admissions with a slight 
increase in surgical cases. 
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Part of the difficulty in interpreting these studies is that most report reductions in 
"unanticipated" ICU transfer or in "unanticipated" cardiac arrest [127, 130, 132], 
raising the possibility that cardiac arrests and deaths are simply being shifted into 
the ICUs from the wards. Additionally, one effect of METs is to increase the 
implementation of DNR orders (up to 23% of calls) [131, 135]; it is often difficult 
to tell in these studies if rates of cardiac arrest and death are influenced by 
changes in DNR frequency [133, 136]. 

Proponents have stated that implementation of MET is cost neutral as involved 
staff are already existent. However, numerous authors have pointed out the 
potential negative impact upon staffing [126, 137-141], especially with local 
and/or global limitations on critical care staffing [142]. This may be further 
exacerbated by recent (and future) changes in work-hour rules [138]. Indeed, one 
of the studies frequently cited in support of MET acknowledges that it was 
necessary to increase staffing (by one full-time ICU fellow) to sustain [129]. 

In the face of significant criticism of outcome results, proponents of MET 
programs remain passionate. Several have argued that insistence of absolute 
proof of efficacy is a clear example of the "failings" of evidence-based-medicine. 
They have argued that the logic of the MET approach is so compelling that 
waiting for "proof' is actually unethical and that implementation of MET programs 
should proceed immediately, the burden of proof falling to naysayers [143, 144]. 

Recognizing these criticisms, proponents in Australia and New Zealand 
organized a multi-center trial of MET using the "cluster controlled" model under 
the auspices of the National Health and Medial Research Council, the Medical 
Early Response Intervention and Therapy (MERIT) Study [125, 145] to lay to rest 
the proven role of the MET. Professor Hillman was asked in journal 
correspondence if he would abandon the MET program if the results were 
negative [134] and he responded that he would not [145]. Although the study was 
concluded in late 2003, to date the results have not been published. I asked Dr. 
Hillman of the results; his response was that they would be discussed in the 
upcoming "First International Conference on Medical Emergency Team 
Responses" to be held next month (personal communication). Google search 
suggests that the study had negative results. A quote from one of the primary 
investigators reads, "Michael Parr: Overall there was no statistically significant 
difference in unanticipated deaths, unanticipated ICU admissions and cardiac 
arrests between MET hospitals and the control hospitals." 

Although the MERIT study apparently failed to validate improvement with the use 
of formal the MET with respect to reduced incidence of cardiac arrest or survival, 
proponents insist that the concept still has value, perhaps via enhanced 
awareness of the need for early recognition and treatment of patients "at risk" 
through programs of education and process improvement. 

Although published data remains equivocal with regard to formal use of MET or 
its variants, the concept has achieved a momentum of its own. The "100k Lives 
Campaign" of the non-profit organization Institute for Healthcare Improvement 
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(IHI.org) championed by CEO Don Berwick implores health care organizations to 
save 100,000 lives by June 14,2006 through the implementation of five initiatives 
[146]. These include use of strategies for treatment of myocardial infarction, 
ventilator management, central line use, prevention of surgical infections and 
adverse drug reactions, as well as implementation of "rapid response teams, 
RRTs". The website even provides guides and "talking points" for implementing 
RRTs in your hospital. Dr. Berwick states that the mortality benefit of MET is 
"proven" given the 26% mortality reduction for MET in Bellomo's study and other 
non-published QA data from selected institutions. Allowing that this may be 
somewhat overstated, he believes that even with a 10% mortality reduction, MET 
activation alone would produce 52% of his projected lives saved through these 
initiatives. Evidence not withstanding, many organizations seem eager to buy in. 
The VA may soon mandate implementation of RRTs. 

It is not at all clear given present data that widespread use of formal MET or RRT 
will be either feasible or effective. This may be especially true in institutions 
which already have robust mechanisms in place for rapid response to ICU 
consultation and/or transfer for unstable ward patients. 

One acknowledged alternative, especially in the U.S., may well include the use of 
hospitalists [123, 124, 139, 141] for managing in-patients (rather than office
based generalists with limited resuscitation skills and/or in-house availability), 
though outcome data for hospitalists thus far in this specific area are not 
available [147]. The potential negative impact of "shift-work mentality" and 
"missed pass-offs" has yet to be delineated for hospitalists, globally much less 
with respect to impact on cardiac arrest or overall mortality. 

Further, widespread implementation of MET or RRT will likely be limited by 
availability of such personnel. "Diluted" solutions using trained nurses and/or 
respiratory therapists in "critical care poor" institutions are entirely unproven. 
Alternatives include improving awareness, recognition, and treatment of patients 
"at risk" by primary ward teams through PI as well as improving RN staffing for 
general ward services [148]. Use of electronic alerts may well have value in this 
context; their use was recently shown to improve prevention of venous 
thromboembolism in hospitalized patients [149]. 

Summary: 

1. Overall survival to discharge following in-hospital cardiopulmonary arrest 
remains poor and has not changed over the four decades of "Code Blue". 

2. Prevention of unnecessary use of CPR through timely initiation of DNR 
discussions with our patients should be stressed. 

3. Increasing complexity of guidelines and training for CPR, especially ACLS, 
does not improve overall patient outcome; these guidelines should be 
considerably simplified to focus only on basic, core skills and techniques. 



4. The introduction of first-responder use of AEDs has significantly improved 
survival for out-of-hospital arrest. 

5. Widespread utilization of AEDs in the hospital setting will likely have limited 
impact, especially in settings where well-organized cardiac arrest teams exist. 
AED deployment in-hospital may best be guided by CAT response times. 

25 

6. The medical emergency team concept may help to better focus process 
improvement efforts to emphasize early recognition and treatment of patients at 
risk for cardiac arrest. However, current data do not support the widespread 
implementation of formal METs following the Australian model. 

7. Information technology may be of benefit in this regard, though this is far from 
proven. 
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