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“Cardiac arrest!” These two simple words conjure up images in our minds of sirens and flashing lights, doctors and nurses running, intubation, defibrillations, and an assortment of other similarly dramatic activities. It’s unlikely that there’s any other condition in medicine that has been the source of more research, teaching, discussion, and infatuation. The treatment of cardiac arrest, after all, is essentially to bring a dead patient back to life. It is in some respects man’s attempt to play God…to bring back the dead is certainly the greatest achievement in the practice of medicine!


Despite decades of research and apparent advances in the management of cardiac arrest, however, we have been continually reminded that we are but mere mortals. The marvels of modern medicine are still little match for a lifeless heart or brain. Nevertheless, our continued efforts at advancing the cause have produced some tangible improvements in the rescue of these patients.


Cardiac arrest is a condition that affects all health care providers and practitioners in every specialty. This is exemplified by the fact that nearly all medical trainees, prehospital personnel, and in-hospital nurses are required to take courses in basic and sometimes advanced life support. But it’s important for us to remember that out of all health care providers, emergency physicians must be the experts in cardiac arrest care. Frankly, there is no other specialty in the House of Medicine that receives such intense training in the combination of cardiac care, airway management, shock, and critical care pharmacology. Consequently, every emergency physician must commit himself or herself to attaining expertise in managing victims of cardiac arrest.


In this issue of Emergency Medicine Clinics of North America, Guest Editors William Brady, Nathan Charlton, Benjamin Lawner, and Sara Sutherland have presented us with the current state of practice with regards to management of cardiac arrest. The guest editors and their authors have summarized past attempts at advancing the practice that have failed, and they also discuss in detail the handful of management techniques that have actually been shown to work. Various articles address devices and pharmacological advances, as well as the basic techniques that have reemerged as the key to success. Prehospital, in-hospital, and public health issues are addressed nicely. Special populations, such as pediatric, geriatric, and pregnant patients, are discussed. A thorough discussion of postresuscitation care is also provided, as this is now gaining attention as a critically important link in the “chain of survival.”


This issue of Emergency Medicine Clinics is a tremendous resource for gaining expertise. This issue should be considered a must-read for emergency physicians…period. Other health care providers that work in high-acuity environments will also benefit tremendously by the wisdom in the pages that follow. Kudos to the guest editors and authors for providing this outstanding resource for emergency physicians and other health care providers and helping us all in our continuing quest to “bring back” a few more lives.
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Medical resuscitation has been around for many thousands of years. The physician has performed resuscitation on a multitude of patients, using many methods, in a range of settings. Over these many millennia, the science of resuscitation has guided the clinician in the art of medical care. We have progressed from early methods, such as hanging an inverted patient from a tree limb and using a bellows inserted into the rectum, to more refined (and effective) contemporary interventions and strategies. Undoubtedly, clinicians of the future will look back at us with similar disbelief—“can you believe it…they were actually pushing on the patient’s chest…and shocking the heart!” Nonetheless, the science of resuscitation has progressed to the point that we are now beginning to apply therapies, provide interventions, and offer management strategies in an evidence-based method—starting on the street and continuing in the hospital. Over the past 3 decades, resuscitation science and the resultant recommendations have changed markedly, from the early use of cardioactive medications and invasive airways to continuous chest compressions and early defibrillation.


Contemporary evidence suggests that the basic interventions—including appropriate cardiopulmonary resuscitation with activation of the emergency response system, adequate chest compressions, and early electrical defibrillation—that are provided early, correctly, and consistently, likely impact the cardiac arrest patient most favorably…as compared to the more advanced therapies. In fact, of the “five goals” noted in the American Heart Association’s Guidelines 2010, three focus on such basic interventions1:



• Immediate recognition and activation of the emergency response team;



• Early CPR with emphasis on chest compressions;



• Rapid defibrillation;



• Effective advanced life support; and



• Integrated post–cardiac arrest care.


Interestingly, only one of these goals is listed as “effective advanced life support.” And the “new actor” on the “resuscitation stage” is focused post–arrest care, ranging from the basics of optimization of oxygen, ventilation, and systemic perfusion to the more complex therapeutic hypothermia and emergent coronary reperfusion.


We are all involved in cardiac arrest resuscitation at a truly exciting time. We must focus on the basics of resuscitation. These interventions are likely the most beneficial, particularly at the early stage of arrest. The science is guiding us in that direction. We must strive to bring this science consistently and reliably to the patient’s side in each and every resuscitation. This edition of the Emergency Medicine Clinics of North America is intended to provide a concise review of sudden cardiac arrest in all its facets of presentation and management. We hope that you, the clinician, will use it to care for our mutual patients.





Dedications
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In April 2011, a 51-year-old man boards a plane with his wife for a well-deserved vacation. One hour into the flight, the man’s wife is yelling for a doctor. The man is slumped over in his seat, unresponsive. Miraculously, another passenger comes to the rescue, performs CPR, and uses the plane’s defibrillator to resuscitate the man to the cheers of passengers. Approximately 22 minutes later, the flight crew safely lands the plane, and the patient is able to thank his rescuer as he is taken to the hospital, where he fully recovers.


Someone suffers sudden cardiac arrest in the United States, on average, once every 90 seconds. This story is important because it shows what is possible if someone stops to help. It so happens that the rescuer works as an RN, but it could have been anyone.


This edition of Emergency Medicine Clinics of North America is devoted to CPR and other adjuncts used to link the Chain of Survival® and enhance survival. Readers who have saved a life using CPR know the profound sense of awe when the power of resuscitation is witnessed and a victim survives. It is miraculous that a person, who was as good as dead when they collapsed, rises to resume their life and experience the second chance shared by all survivors of sudden cardiac arrest. Celebration of survival is often fleeting, as the majority of victims of sudden cardiac arrest do not survive, even though recent advances in the science of resuscitation have led to bold innovation that has dramatically improved survival. Training programs in CPR were first developed in 1960 by the American Heart Association. While the “50th Anniversary” of CPR was officially recognized in 2010, its origins can be traced to early recorded history.


An early recorded reference to artificial breathing appears in the book of Kings in the Old Testament, where the prophet Elisha restored the life of a boy through a technique that included placing his mouth on the mouth of the child, and is the earliest account of mouth-to-mouth ventilation.1





“And when Elisha was come into the house, behold, the child was dead, and laid upon his bed. He went in therefore, and shut the door upon them twain, and prayed unto the LORD. And he went up, and lay upon the child, and put his mouth upon his mouth, and his eyes upon his eyes, and his hands upon his hands: and he stretched himself upon the child; and the flesh of the child waxed warm. Then he returned, and walked in the house to and fro; and went up, and stretched himself upon him: and the child sneezed seven times, and the child opened his eyes.”





Despite this early “case report,” mouth-to-mouth breathing was not officially recognized until 1740, when the Paris Academy of Sciences boldly recommended mouth-to-mouth resuscitation for drowning victims, followed in 1767 when the Society for the Recovery of Drowned Persons formed and became the first organized effort to deal with sudden and unexpected death. In 1768, the Dutch Humane Society was founded, in which physicians and laypersons collaborated to aid victims of drowning in the waterways. Mouth-to-mouth ventilation was systematically studied in the late 1950s and published in several leading medical journals, leading to its widespread acceptance and a means of ventilation support.2-6 In 1957, the United States military adopted the mouth-to-mouth resuscitation method to revive unresponsive victims.


Devices for ventilation were developed in the early 20th century and led to the development of negative pressure ventilators (“iron lung”) housed in areas of the hospital that eventually became intensive care units. In 1952, an epidemic of poliomyelitis struck Copenhagen, which overwhelmed the supply of negative pressure ventilators. Positive pressure ventilation was developed as a substitute, and hundreds of volunteers were able to perform manual ventilation using an airway tube with an air reservoir. Endotracheal positive pressure ventilation eventually supplanted negative pressure ventilation and became the standard during the 1960s.


Palpation of pulses and heartbeat as a means to assess cardiovascular status has been used by health care providers for over 3000 years; however, descriptions of (open chest) cardiac massage did not appear until the 19th century. In 1891, Dr Friedrich Maass described the performance of chest compressions in humans; in 1903, Dr George Crile reported the first successful use of external chest compressions in human resuscitation, and in 1904, the first American case of closed-chest cardiac massage was performed by Dr George Crile. Several decades went by and in the late 1950s, Knickerbocker, Jude, and Kouwenhoven described external cardiac massage, or chest compressions, as a useful resuscitation technique that, in contrast to open cardiac massage, required little technical expertise.7


In 1955, Zoll described the first successful closed-chest human defibrillation. In 1979, the first portable automatic external defibrillator (AED) was developed, followed by the implantable defibrillator in 1981.8 The combination of airway, breathing, circulation, and defibrillation (and the telephone) led to the American Heart Association description of the “chain of survival” with the four links of early access, early CPR, early defibrillation, and early advanced cardiac life support (ACLS).


How were each of these concepts integrated into a cogent set of resuscitation guidelines and then disseminated? By 1960, the key elements for modern day CPR were in place, namely airway, breathing, and circulation. Lay rescuers were first trained in 1961 in Cleveland. The first CPR guidelines were published in 1966, followed by large-scale training sessions in Seattle in the 1970s where upwards of 100,000 people were taught to perform CPR during a single session.9 These efforts have paid off and Seattle has enjoyed the highest survival rates following out-of-hospital cardiac arrest in the nation.10


In 2000, the Cardiac Arrest Survival Act was passed, requiring AED programs to be instituted in all federal buildings. In addition, the use of AEDs was added to the list of protections under “Good Samaritan” laws, which were previously enacted in all 50 states to protect the lay public from liability if first aid or CPR was performed in an emergency. Getting back to our story, the FAA required that AEDs must be carried on commercial flights as minimum equipment, and that all members of the flight crew be trained in their use.


Chest compression rate and depth with minimal pauses in compressions are key determinants of return of spontaneous circulation and survival. In 2005, the benefits of bystander CPR with minimal interruptions to chest compressions were recognized and translated into modifications to the AHA emergency cardiovascular care (ECC) CPR Guidelines, which has resulted in widespread improvements in survival. The modern day success rates for survival from out-of-hospital cardiac arrest with intact neurologic function remains highly variable with ranges from 3% to 16.3% at sites participating in the Resuscitation Outcomes Consortium.10 The great difference in survival rates are due to differences in incidence and risk, as well as how the community and health care system respond to cardiac arrest.


The 2010 AHA Guidelines for CPR and ECC recommend a change in the basic life support (BLS) sequence of steps from A-B-C (Airway, Breathing, Chest compressions) to C-A-B (Chest compressions, Airway, Breathing) for adults, children, and infants (excluding the newly born; see Neonatal Resuscitation section). This revolutionary change is intended to promote bystander CPR, even by untrained lay rescuers, and emphasizes that high-quality chest compressions alone, without intubation or supplemental ventilations, is the preferred approach to cardiac arrest resuscitation, even by trained rescuers.


There is increasing recognition that systematic post–cardiac arrest care after return of spontaneous circulation can improve the likelihood of patient survival with good quality of life. This recognition led to a fundamental change to the 2010 guidelines with the addition of a fifth link to the chain of survival—comprehensive and integrated postarrest care. Post–cardiac arrest care has significant potential to reduce early mortality caused by hemodynamic instability and later morbidity and mortality from multiorgan failure and brain injury.


Sudden cardiac arrest continues to be a leading cause of death in the United States, claiming the lives of more than 300,000 people each year, with half of those cases occurring out of hospital. While you were reading this, several people suffered sudden cardiac arrest in the United States. In this issue of Emergency Medicine Clinics of North America, leading experts in the field of resuscitation science share their knowledge with the readers to improve the care provided to victims of cardiac arrest. This comprehensive overview should prove of enormous benefit to clinicians who care for these patients by expanding our clinical armamentarium to combat the loss of life due to sudden cardiac arrest. It is incumbent on each of us to provide the level of community leadership that allows for prompt action to assist those who have suffered cardiac arrest. At least one airline passenger and his family are thankful for bystander assistance today.
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Abstract


This article reviews out-of-hospital cardiac arrest from a public health perspective. Case definitions are discussed. Incidence, outcome, and fixed and modifiable risk factors for cardiac arrest are described. There is a large variation in survival between communities that is not explained by patient or community factors. Study of variation in outcome in other related conditions suggest that this is due to differences in organizational culture rather than processes of care. A public health approach to improving outcomes is recommended that includes ongoing monitoring and improvement of processes and outcome of care.
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Cardiac arrest describes the loss of mechanical activity of the heart as confirmed by the absence of signs of circulation.1 Sudden cardiac death is further described as a death from a cardiac cause within 1 hour from the onset of symptoms in a person without any prior condition that would appear fatal.2 The World Health Organization proposed an alternate definition based on the recognition that many cardiac arrests are not witnessed: an unexpected, unexplained death within 1 hour of symptom onset for witnessed events, or within 24 hours of last observed alive and symptom-free, for unwitnessed events.3 Sudden cardiac arrest is a term commonly applied to such an event when the patient survives.4


Episodes of cardiac arrest have multiple causes. In addition to primary cardiac events, respiratory arrest, pulmonary embolism, trauma, cerebral events, and many other conditions can lead to sudden unexpected death. For the purposes of surveillance, research, and treatment, it would be ideal to reserve sudden cardiac arrest for only primary cardiac events. However, this goal is elusive. Even with a full narrative of the death, experts often disagree on appropriate classification.5 In survivors of out-of-hospital cardiac arrest, 12-lead electrocardiogram and history are poor predictors of which patients have “significant” cardiac lesions at the time of emergency catheterization.6 Among victims of cardiac arrest who had high-grade coronary stenosis at autopsy, only a small minority were previously known to have coronary heart disease.7 Classification of causes of arrest based on information acquired in-hospital is conditioned on survival to hospital, making it susceptible to selection bias. There is significant and important variation in the proportion of patients with cardiac arrest who are treated or transported by emergency medical services (EMS) providers,8 so relying on data from this source does not distinguish reliably among causes of cardiac arrest. These observations suggest that the cause of arrest can accurately be determined only by conducting a postmortem examination.


Because it would be impractical to perform an autopsy on every fatal arrest, classification must rely on information available to paramedics in the out-of-hospital setting. For the purpose of evaluation of prehospital emergency care of cardiac arrest, a pragmatic alternative definition of sudden cardiac arrest9,10 includes patients with nontraumatic, out-of-hospital cardiac arrest, who are assessed by EMS personnel and (1) receive attempts at external defibrillation (by lay responders or emergency personnel), or receive chest compressions by organized EMS personnel; or (2) are pulseless but do not receive attempts to defibrillate or CPR by EMS personnel. The latter includes patients with (1) a do not attempt resuscitation directive signed and dated by a physician, (2) extensive history of terminal illness or intractable disease, or (3) request from the patient’s family.


Each of these definitions has inherent limitations. The suddenness (ie, time course) and cause are difficult to assess because only about two-thirds of cases are witnessed and, in most cases, an autopsy is not performed. Consequently, information from other sources is used to assess timeline and cause, including death certificates, EMS reports, medical records, and medical examiner reports. These sources are used independently or in combinations with each other. Information from death certificates tends to exclude patients who are successfully resuscitated and have been found to overestimate death by cardiac cause.11 Studies limited to patients with cardiac arrest who are treated by EMS take into account patients who are assessed but not treated because of futility (ie, those with late recognition of death), resulting in an underestimation of incidence and overestimation of survival relative to those that include all patients with cardiac arrest who are assessed or treated by EMS. Surveillance using multiple sources is needed to capture all appropriate cases of cardiac arrest.12





Incidence


Incidence of disease is defined as the occurrence rate per year for the condition within a population at risk. It is calculated by taking a ratio of the number of persons developing a disease each year divided by the population at risk. Given some of the complications with data collection described above, it is difficult to establish an accurate incidence. The incidence of cardiac arrest treated by EMS is greater than 55 per 100,000 person-years in the United States.11 Combining information from death certificates, EMS reports and hospital record review suggests that the incidence of cardiac arrest is 95 per 100,000 person years,10 or 8.04 per 100,000 person-years among children and 126.52 per 100,000 person-years among persons older than 20.13 Another factor that affects incidence rates is that the number of individuals within a given area may fluctuate by time of day and day of week. Large cities that have more people during the working week may seem, falsely, to have a higher rate of cardiac arrest than would be expected based on the corresponding census population.


There is virtually no data available on incidence of cardiac arrest in the developing world.4


The incidence of cardiac arrest has markedly declined during the last 30 years (Fig. 1).14-16 This decline is correlated with a decrease in overall cardiovascular mortality.17 The reasons for this decline are likely multifactorial, but are mostly attributed to improvements in primary and secondary prevention of coronary heart disease.
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Fig. 1 Incidence of cardiac arrest over time.


(From Adabag AS, Luepker RV, Roger VL, et al. Sudden cardiac death: epidemiology and risk factors. Nat Rev Cardiol 2010;7(4):216–25; with permission.)











Survival


Survival is defined as the number of survivors divided by the number of individuals who experienced the event of interest. Survival after cardiac arrest depends, in part, on the population considered.18 Among 39 sites worldwide that published their outcomes over time, median survival for all rhythm groups to hospital discharge was 6.4% (interquartile range [IQR], 3.7%–10.3%).19 Among 10 sites in North American that collated data describing patients with cardiac arrest using similar definitions contemporaneously with each other, survival for all rhythm groups to hospital discharge was median of 8.4% (IQR, 5.4%–10.4%).10 Experts have attempted to standardize reporting and comparison of outcomes by disseminating the Utstein template for cardiac arrest.1 Despite this standardization, there is a greater than fivefold regional variation in survival among patients with any initial rhythm, as well as among patients with ventricular fibrillation.10 This large variation reemphasizes that cardiac arrest is a treatable condition. However, regional variation in outcome after cardiac arrest is not fully explained by the Utstein factors, which include patient factors, such as age, gender, and initial rhythm; and EMS factors, such as time to arrival and time to first defibrillation.20 Moreover, despite the marked decline in coronary artery disease mortality during the last 30 years,21 few communities have been able to achieve sustained improvements in survival after cardiac arrest.17,22-24








Net burden


Out-of-hospital cardiac arrest affects approximately 490,000 individuals in Europe each year25 and approximately 350,000 individuals in the United States.10 It is the third leading cause of death in the United States (Fig. 2; extrapolated from10 and http://www.cdc.gov/nchs/fastats/deaths.htm, accessed March 11, 2011). The related condition of in-hospital cardiac arrest affects approximately 200,000 individuals in the United States (R Merchant, personal communication, March 10, 2011). Thus, reduction of the burden of illness associated with cardiac arrest is a critical public health issue.
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Fig. 2 Leading causes of death in United States.










Need for public health surveillance of cardiac arrest


The true incidence of out-of-hospital cardiac arrest and survival from cardiac arrest are unknown. Current health surveillance systems cannot accurately determine the burden of out-of-hospital cardiac arrest, nor measure progress toward reducing this burden. The Cardiac Arrest Registry to Enhance Survival (CARES) collates cases of out-of-hospital cardiac arrest from participating agencies in the United States, but includes only cases of presumed cardiac origin.26 The National EMS Information System (NEMSIS) is an ongoing effort to create a national EMS database.27 Because NEMSIS relies on self-report, events submitted by states do not necessarily represent all EMS events occurring within a state and states vary in criteria used to determine the types of EMS events submitted to the NEMSIS dataset.28 Moreover, NEMESIS has a high rate of missing the vital data on functional status at discharge, limiting its ability to assess the comparative effectiveness of resuscitation interventions. The International Resuscitation Network demonstrated that data related to out-of-hospital cardiac arrest can be collated from five different countries, but does not collect data on an ongoing basis.29 Other registries have focused on assessment of specific resuscitation interventions (eg, European Resuscitation Council Hypothermia Network).30 Get With the Guidelines-Resuscitation (formerly known as American Heart Association National Registry for Cardiopulmonary Resuscitation) collates cases of in-hospital cardiac or respiratory arrest from institutions that are primarily in the United States,31-34 but excludes cases of out-of-hospital cardiac arrest. Thus, although there are several prior and existing multicenter electronic clinical databases, none comprehensively assesses the benefits and harms of emergency cardiovascular care interventions in real-world settings on an ongoing basis through the continuum of care from EMS to hospital discharge by using a scalable, sustainable method.


Clinicians and policy makers need improved estimates of incidence to determine the absolute clinical and public health burden of cardiac arrest. Preventive and treatment measures aimed at reducing mortality from cardiac arrest can only derive from a reliable and valid estimate of its incidence and outcome. However, several barriers to effective surveillance of cardiac arrest exist. A common obstacle is that EMS and hospital systems may be reluctant to share outcome data because of concerns about how the data will be used and potential violation of regulations that protect personal health information. Even before the advent of the Health Insurance Portability and Accountability Act (HIPAA), EMS providers, quality assurance staff, and researchers often had difficulty ascertaining the functional status at hospital discharge of patients treated by EMS. However, under HIPAA, disclosure of information is permitted under specific circumstances, including public health disease reporting (http://www.hhs.gov/ocr/privacy/, accessed February 24, 2011). This is a strong argument for making cardiac arrest a reportable event.








Patient-level risk factors


Our understanding of why some individuals experience sudden cardiac arrest while other clinically comparable persons do not is incomplete and contributes to the ongoing public health challenge posed by cardiac arrest. Patient-level risk factors include fixed and modifiable factors. Overall, about 80% of people who suffer cardiac arrest have coronary artery disease (often undiagnosed), 10% to 15% have cardiomyopathy, and 5% to 10% have another problem, such as congenital heart disease or primary arrhythmogenic problem (eg, long QT syndrome or Brugada syndrome).35





Fixed


The risk of cardiac arrest increases with age, peaking in people aged 75 to 84 years. Females have a lower incidence of cardiac arrest than males.11 Genetic risk factors for cardiac arrest include polygenetic factors that contribute to atherosclerosis, in addition to relatively rare genetic syndromes that directly cause arrhythmia such as congenital long QT syndrome and Brugada syndrome. However, the marked reduction in the incidence of ventricular fibrillation over the last few decades15 suggests that genetics have a relatively small contribution to population-attributable risk. It remains unclear how to incorporate increased understanding of genetic risk into mass screening of individuals to cardiac arrest.








Modifiable


Health behaviors affect cardiac arrest risk. Given that 80% of sudden cardiac arrest is attributable to coronary disease, modification of risk factors, such as hypertension, diabetes, hyperlipidemia, and smoking, logically reduces both sudden and non-sudden cardiac deaths.17 Regular exercise lowers cardiac arrest risk and can decrease mortality in people with established cardiac disease; however, risk is acutely increased during the period of exertion.36 This relationship may reflect the balance between sympathetic and parasympathetic tone.


Cigarette smoking is thought to be the single most important cause of preventable death in the United States. An estimated 443,000 persons in the United States die prematurely each year due to exposure to tobacco smoke.37 The deleterious effects of smoking may be mediated through increased plasma catecholamines, heart rate, and arterial blood pressure, resulting in coronary spasm and increases in myocardial work and oxygen supply. Collectively these effects lower ventricular fibrillation (VF) thresholds. In patients who successfully quit smoking, rates of cardiac arrest return to near normal over time. Of great concern is the effect of “passive smoking,” which has been associated with an increase in smoking-related disease, primarily heart disease.


People who consume a moderate amount of alcohol (2–6 drinks per week) have a lower risk of sudden cardiac arrest when compared with nondrinkers. However, heavy consumption has been associated with increased risk. The interplay between alcohol and cardiac arrest is unclear but its protective effects are thought to be mediated via increased levels of high-density lipoprotein.38,39


A diet that includes fatty fish is rich in n-3 polyunsaturated fatty acids and has been associated with a lower risk of VF.40 Research suggests that the acids stabilize action potentials by altering sodium and calcium ion channels in cardiac myocytes.


Diabetes may be a risk factor for cardiac arrest, independent of its contribution to coronary artery disease.41,42 A proposed mechanism is abnormal prolongation of the QT interval due to diabetic autonomic dysfunction, although this has not been proved.43 Moderate or vigorous, but not lesser, physical exertion is associated with increased risk of cardiac arrest.44 Acute45 and chronic46 mental health conditions are associated with increased risk of cardiac arrest. However, it is difficult to objectively measure characteristics such as anger, anxiety, hostility, and aggressiveness because there are many confounding issues.








Structural


Dilated or hypertrophic cardiomyopathy accounts for about 10% to 15% of cases of cardiac arrest.35 Decreased left ventricular function, regardless of ischemic or nonischemic cause, is a strong predictor of cardiac arrest.47 Despite that severe left ventricular dysfunction is the best available risk predictor for sudden cardiac arrest, it was observed in less than a third of all cases in one community.48 Other structural abnormalities, such as congenital malformations, scar from prior myocardial infarction, infiltrative diseases, and myocarditis, also predispose to cardiac arrest.49








Coronary Ischemia


Up to 71% of patients with cardiac arrest have coronary atherosclerosis and nearly half have an acute coronary occlusion.6,50,51 Moreover, there is a high incidence (97%) of coronary artery disease in patients resuscitated from out-of-hospital cardiac arrest who undergo immediate angiography.6 Among these, 50% have acute coronary occlusion. However, the absence of ST elevation on a surface 12-lead ECG after resuscitation from cardiac arrest is not strongly predictive of the absence of coronary occlusion on acute angiography. A case series of patients with unsuccessful field resuscitation suggested that in such patients VF is more likely to be associated with coronary atherosclerosis than was asystole or pulseless electric activity.52 An autopsy study compared case subjects who died within 6 hours of symptom onset due to ischemic heart disease and who were not seen by a physician within 3 weeks with control subjects who died within 6 hours of symptom onset due to natural or unnatural noncardiac causes. Control subjects were matched to case subjects by age, gender, and socioeconomic status.53 Intraluminal thrombosis was observed in 93% of case subjects versus 4% of control subjects. Collectively, these studies suggest that patients who are resuscitated from out-of-hospital VF have a high likelihood of having an acute coronary occlusion.








Medications


Medications that reduce coronary disease would logically reduce the rate of cardiac arrest. Indeed, statins decrease mortality due to cardiac arrest,54,55 most likely acting via anti-ischemic rather than antiarrhythmic mechanisms.56 Beta-blockers, aldosterone antagonists, angiotensin-converting enzyme inhibitors, angiotensin receptor-blockers, and omega-3 fatty acids may also contribute to reduced risk of cardiac arrest.57


Medications also have the potential to promote cardiac arrest. Medications that prolong the QT interval, including antiarrhythmics, antipsychotics, and many other classes of medications, may cause ventricular arrhythmias and, therefore, cardiac arrest. Hypokalemia and hypomagnesemia may have the same effect. However, it is unknown how much medication-induced or electrolyte-induced arrhythmias contribute to the overall incidence of cardiac arrest.58








Initial Rhythm


The exact mechanism of collapse in an individual patient is often difficult to establish because more than 40% of all cases present without prior warning59 and are not readily under close observation. Therefore, much of what we understand is hypothesized from information obtained or observed after the event has begun. In the vast majority of cases, individuals who suffer cardiac arrest have evidence of structural heart disease. In general, approximately 80% have coronary atherosclerosis, another 10% to 15% have nonischemic cardiomyopathy, and the remaining 5% to 10% have a congenital disorder or no evidence of structural disease.51 Usually this underlying structural abnormality predisposes an individual to a fatal or near fatal arrhythmia that is precipitated by an acute trigger, such as an ischemic event or electrolyte imbalance. The rhythm that is first recorded after the onset of cardiac arrest classified into three categories: (1) ventricular tachyarrhythmias, including pulseless ventricular tachycardia and VF (VT/VF); or (2) pulseless electrical activity (PEA); or (3) asystole.


Initial rhythm has a large impact on survival: published rates of survival after treatment of any initial rhythm range from 0% to greater than 20% among those with EMS-treated arrest and 0% to 45% for those with VF arrest.11,19,60 Consistently, survival is greatest in patients with a first-recorded rhythm of VF.61


VF is characterized by rapid, ineffective, uncoordinated movement of the ventricles that does not produce a pulse. The ECG of VF shows measurable electrical activity with chaotic, irregular ventricular complexes. If untreated, the electrical organization of the ventricular fibrillation signal deteriorates into asystole over minutes.62 Coronary ischemia is thought to be the primary precipitant of VT/VF, a correlation confirmed in recent studies.46 The cause of PEA is diverse and related to a variety of factors, including hypoxia, hypovolemia, electrolyte imbalance, tamponade, pneumothorax, and thromboembolism.46


Historically, most out-of-hospital cardiac arrest cases documented VT/VF as the first recorded rhythm. The incidence of VF has declined steadily in regions that have tracked EMS data over 10 to 21 years.16,63,64 The decline of VF may be attributed to treatment of cardiac risk factors, increasing rates of ICD placement, and increasing use of beta-blockers.64-66 Another possibility is that multisystem organ failure is becoming more common and presenting frequently as non-VF cardiac arrest. This decline is of substantial importance for public health because survival rates are significantly less for PEA compared with VT/VF.60











Community-level risk factors





Socioeconomic and Racial Differences


Disparities in the incidence of and survival from cardiac arrest are observed across socioeconomic gradients and between races.33,67 In New York City, for example, a prospective study found that age-adjusted incidence of cardiac arrest was 10.1 per 10,000 for blacks and 5.8 per 10,000 for whites; survival to discharge was 1.4% for blacks and 3.4% for whites. However, after adjustment for socioeconomic factors, prior functional status, initial rhythm, and characteristics of the event, no significant racial differences were found.68








Environmental


There is temporal variability in cardiac arrest frequency, with cardiac arrest peaking in the morning and in the winter.69 Underlying patient, EMS system, and environmental factors need to be explored to offer further insight into these observed patterns. Various physiologic processes have been proposed to explain the diurnal phenomenon, such as increased clotting or increased parasympathetic instability. Some researchers have suggested that part of the morning peak in cardiac arrest may be due to a reporting artifact (ie, when patients die during the night but are not discovered until early morning). Potential interventions to reduce periodic variation in unexpected cardiac death include resource allocation of EMS and hospital resources to match anticipated need.











A public health approach to cardiac arrest


Survival from cardiac arrest varies tremendously across communities. As noted above, this variation is associated with variation in prehospital emergency care. There are many ways to improve the chain of survival after cardiac arrest, including improved communications from citizens to EMS, delivery of care to the patient, delivery of the patient to the hospital, and delivery of cardiac and critical care. Yet few communities have been able to achieve sustained improvements in outcome.


There is only a twofold variation in outcome after care for the related disorder of acute myocardial infarction, but correlates of such variation have been better elucidated. These include geographic region,70-72 hospital volume,73,74 urban location,75 teaching status,72,76 and safety net status.77 Variation in outcome does not seem to associate with large differences in protocols or processes of care, such as rapid response teams, clinical guidelines, use of hospitalists, and medication checks.78 Instead, hospitals in the top or bottom tier of risk-standardized mortality after myocardial infarction differ substantially in terms of their organizational goals and values, senior management involvement, staff presence and expertise in care for patients with acute myocardial infarction, communication and coordination among relevant groups, and problem solving and learning. It has been suggested that such cultural differences are a major factor in regional variation in outcomes after cardiac arrest.79








Summary


A cardiac resuscitation system is an interconnected community, EMS, and hospital response to out-of-hospital cardiac arrest.80 A critical component of such a response is ongoing measurement and improvement of the process and outcome of care. Such regional systems of care have improved provider experience and patient outcome for other time-sensitive conditions, including ST-elevation myocardial infarction and life-threatening traumatic injury. The time has come for us to come together to implement such resuscitation systems of care in our communities. Interested physicians, EMS providers, and members of the lay public have begun this process in Arizona, Minnesota, North Carolina, Pennsylvania, and Washington (www.heartrescueproject.com, accessed March 29, 2011). Ongoing efforts and evaluation are needed in these and other communities to ensure that public health is improved by reducing death and disability due to cardiac arrest.
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