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Introduction
In the United States, someone experiences a myocardial infarction every 26 seconds, and alarmingly the disease claims one life each minute [1]. Acute myocardial infarction (AMI) accounts for almost five times as many deaths in the United States as are attributed to unintentional injuries, which has major implications for EMS systems [2]. About half of those who suffer acute myocardial infarctions are transported to the hospital by EMS, and many more patients call EMS for help because they are experiencing chest pain [3].
The prehospital management of chest pain has improved with better clinical examination, earlier administration of effective medications, and the broad use of 12-lead ECGs to detect acute coronary syndromes (ACS) and myocardial infarction more accurately before arrival in the emergency department (ED) [4]. Because more rapid reperfusion during acute myocardial infarction improves heart function and patient survival, EMS and health care systems have focused on developing strategies to identify chest pain patients with myocardial infarction quickly and to provide effective treatment while transporting them directly to definitive care [5–7].
The goals of management for patients with chest pain include rapid identification of patients with ACS, relief of their symptoms, and transport to an appropriate hospital. This chapter will cover the assessment and treatment of patients with a chief complaint of chest pain and will focus on the scientific basis for prehospital medical care of those patients. It will also review common conditions that can cause chest pain.
General approach
When evaluating a patient with a complaint of chest pain, EMS professionals should begin by assessing the patient’s stability and then obtain a basic clinical history and examination. Early in the assessment, an EMS provider should apply a cardiac monitor to rapidly identify dysrhythmias, perform a diagnostic 12-lead ECG, and administer specific treatment depending on the results of the initial evaluation. Because only a small minority of the patients with chest pain actually have ACS, maintaining vigilance in this assessment and diagnostic routine can be difficult [8].
Complete accuracy in the diagnosis of chest pain is not always possible in any setting, not even in the hospital [9]. The prehospital provider should not expect to diagnose a patient with a complaint of chest pain definitively. A careful history can lead the provider to a correct “category” of diagnosis much of the time. As a general approach, the patient should be treated as if he or she has the most likely serious illness consistent with the signs and symptoms.
Discomfort due to cardiac ischemia is usually, but not always, substernal and may radiate to the shoulder, either arm, both arms, upper abdomen, back, or jaw [9,10]. Other symptoms such as nausea and diaphoresis are commonly present but do not predict the presence or absence of ACS accurately. Cardiac disease is most often seen beginning in middle-aged men and older women. However, even younger adults under the age of 40 with no cardiac risk factors and a normal ECG have a 1–2% risk of ACS [11]. Taking a focused history using the “PQRST method” can be helpful (Box 13.1).
Box 13.1 Historical aspects of chest discomfort: the PQRST method
1. P: What provoked the pain or what was the patient doing when the pain started?
2. Q: What is the quality of the pain; burning, aching, squeezing, or stabbing?
3. R: Is there any radiation of the pain; does it go to the neck, jaw, arm, or back?
4. S: How severe is the pain? On a scale of 1 to 10, with 10 being the worst pain in one’s life, what is the pain now, and how has it changed?
5. T: What are the temporal aspects of the pain? How long has it been present? Has it occurred before? When?
There are many causes of chest pain and their incidence changes depending on the characteristics of the population being studied. Patients calling on EMS are more likely to have acute myocardial infarction or other serious causes of chest pain than are patients in the general emergency department (ED) population [3]. Although the majority of this chapter focuses on the management of an ACS, other causes of chest pain are present more commonly.
Role of emergency medical dispatch
Prehospital care of the patient with a complaint of chest pain begins at emergency medical dispatch. Identification of patients suspected to have ACS allows an EMS system to send advanced-level providers to the patient. Many EMS systems with both basic and advanced-level ambulances use a trained emergency medical call taker who asks the caller a series of questions to determine the nature of the emergency and the likelihood that advanced-level care will be needed (see Volume 2, Chapter 10).
A retrospective cohort study from England took a rigorous approach to determining the accuracy of one set of dispatcher questions in identifying patients with ACS [12]. About 8% of calls at the “9-9-9” center were classified as “chest pain.” Subsequent chart review at the hospital identified all patients with the ultimate diagnosis of ACS and found that this represented only 0.6% of all 9-9-9 patients. About 80% of the ACS patients were classified correctly as chest pain at the dispatch level. Another 7% were classified in a variety of other categories that still received a paramedic level response (e.g. severe respiratory distress). Sensitivity of the dispatch system for detecting ACS was 71% and specificity was 93%. However, a great deal of overtriage occurred, and the positive predictive value of the dispatch system for detecting ACS was only 6%. Additional refinement of the dispatch question sequence to reduce overtriage seems possible. The emergency dispatch question sequence for stroke performs much better, with a positive predictive value of 42% and a similar sensitivity to ACS at 83% [13].
The American Heart Association (AHA) and American College of Cardiology (ACC) recommend that emergency medical dispatchers prompt patients with non-traumatic chest pain to take aspirin if they have no contraindications while awaiting EMS arrival [14,15]. This recommendation is based on extrapolation from data showing that patients who take aspirin before hospital arrival are less likely to die and that the practice is likely quite safe [16].
The 12-lead electrocardiogram
The 12-lead ECG remains the quickest method of detecting myocardial ischemia or infarction. Although ECGs have been used to diagnose ACS since 1932, the technology has now advanced to the point that a prehospital ECG can be done quickly and accurately and can be sent wirelessly to the receiving hospital at a relatively low cost. Additional benefit can be gained by having the prehospital ECG become the first of a series of ECGs, increasing the sensitivity of diagnosis of coronary syndromes [17].
Performing a prehospital ECG on a patient exhibiting signs and symptoms of ACS is a Class I AHA/ACC recommendation [14,15]. This recommendation is based on evidence demonstrating that, despite at most slightly increased time spent on scene for patients receiving ECGs, the time to definitive treatment for ST-elevation myocardial infarction (STEMI) with fibrinolysis or percutaneous coronary intervention (PCI) is shortened overall, with a significant reduction in mortality [18].
Prehospital electrocardiogram: interpretation
With the ease of obtaining a prehospital 12-lead ECG comes the need for its accurate interpretation. Precise interpretations can influence decisions to transport patients to more appropriate but more distant facilities, as well as immediate management strategies on hospital arrival. A 12-lead ECG is required to diagnose STEMI and can often provide evidence that ACS is present.
Currently three methods of out-of-hospital ECG interpretation exist: computer algorithms integrated into the ECG machine, direct interpretation by paramedics, or wireless transmission of the ECG to a physician for interpretation. One, two, or all three can be used in a given EMS system.
All prehospital 12-lead ECG machines contain computer programs that will interpret the ECG, and the machines can be configured to print the interpretation on the ECG. If this technology is sufficiently sensitive and specific for STEMI, the EMS professionals would theoretically not require education in interpretation, which would allow EMS systems to use advanced- and basic-level providers to acquire 12-lead ECGs. Additional benefits of using the computer’s interpretation include avoidance of the technical issues and cost of establishing base stations dedicated to receiving incoming ECGs, as well as the provision of consistent interpretation that does not depend on the variable skills and experience of EMS providers. Many prehospital 12-lead ECG systems use computerized interpretation systems which have high specificity, but the computer interpretation alone can miss up to 20% of true STEMI events [19].
Despite the high specificity, many emergency physicians and cardiologists do not place enough trust in the computer interpretation alone to routinely activate the cardiac catheterization PCI team that can provide rapid reperfusion treatment for a STEMI patient [20]. EMS provider interpretation is another option. More extensive training is required, and interpretation accuracy can be affected by both experience and interest in the subject matter [21]. Although several studies have shown that trained paramedics can accurately interpret the presence of STEMI, experience also plays an important role [22–24]. Having a paramedic identify and report “tombstones” on the 12-lead is a powerful motivator for action by experienced physicians.
The third method of interpretation is by transmission of the acquired ECG to a base station for interpretation by a physician. This method has generally been used as the gold standard when comparing other methods of interpretation, and its accuracy has been shown to be slightly better than other methods. It relies both on the availability of the interpreting physician and on an infrastructure that allows reliable transmission of the ECG.
In one observational cohort study, positive predictive value of prehospital 12-lead ECGs was improved by transmitting them to emergency physicians compared with interpretation solely by paramedics [24]. In some cases automated systems have been developed that allow simultaneous transmission of the 12-lead ECG to the receiving ED and to an invasive cardiologist on call [25]. These systems have the potential to decrease treatment times further because both the ED staff and the PCI team are activated early.
The AHA guidelines state that the ECG may be transmitted for remote interpretation by a physician or screened for STEMI by properly trained paramedics, with or without the assistance of computer interpretation [14]. Advance notification should be provided to the receiving hospital for patients identified as having STEMI. Implementation of 12-lead ECG diagnostic programs with concurrent medically directed quality assurance is recommended.
No diagnostic test is perfect, and the 12-lead ECG is no exception. There are a number of conditions other than acute myocardial infarction that can cause ST-segment elevation, such as left bundle branch block and hyperkalemia [26] (Box 13.2). Some of the differences between STEMI and the mimics of acute ST-segment elevation are subtle and missed easily.
Box 13.2 The most common prehospital causes of ST-segment elevation
· ST-segment elevation acute myocardial infarction
· Early repolarization
· Left bundle branch block
· Acute pericarditis
Medications
Several medications are important for EMS management of the patient with chest pain. Providing the chest pain patient with medication for relief of pain whenever safe and feasible and regardless of the etiology of the pain is fundamental. Treatment of pain reduces anxiety in addition to relieving the patient’s discomfort. For ACS patients, treatment of pain can reduce catecholamine levels and thus improve the balance between oxygen demand and supply for ischemic cardiac muscle.
Oxygen
Despite its historical use, the evidence review leading up to the 2010 AHA guidelines did not find sufficient evidence to recommend the routine use of oxygen therapy in patients with uncomplicated AMI or ACS who have no signs of hypoxemia or heart failure [14]. The guidelines do, however, recommend oxygen administration if the patient is dyspneic, or has an arterial oxyhemoglobin saturation <94%, signs of heart failure, or shock.
Aspirin
Aspirin is inexpensive, readily available, and has been shown to benefit patients having myocardial infarction or other ACS. The ISIS-2 study established that the absolute benefit of aspirin administration for myocardial infarction patients results in 26 fewer deaths per 1,000 patients treated, with the maximum benefit occurring in the first 4 hours [27]. Prehospital administration of aspirin is safe [28] and may improve outcome [29,30], and should be given as soon as possible to patients with suspected ACS unless contraindicated [14,15].
Varying doses of aspirin have been proposed, but for ACS the most widely used dose is four 81 mg baby aspirin tablets. These tablets are well tolerated, easy to swallow, and more rapidly absorbed than other preparations [31]. Rectal preparations (300 mg) should be considered in patients unable to swallow. Acceptable contraindications to aspirin administration include definitive aspirin allergy or a history of active gastrointestinal bleeding.
Nitroglycerin
Nitroglycerin is a time-honored treatment to relieve chest pain due to angina by decreasing myocardial oxygen demand and increasing collateral blood flow to ischemic areas of the heart. Somewhat surprisingly, nitroglycerin is not effective at reducing STEMI patient mortality [32], nor is the response, or lack thereof, to nitroglycerin administration an accurate diagnostic test to determine whether cardiac ischemia is the underlying cause of a patient’s chest pain [33]. For example, because it relaxes smooth muscle, nitroglycerin may also relieve pain in patients with esophageal spasm.
Nitroglycerin can be administered as sublingual tablets or an oral spray. The usual dose of either method of delivery is 0.4 mg. Although up to three doses can be given at an interval of 5 minutes between doses, current AHA/ACC recommendations for self-administered patient use of nitroglycerin is for them to call EMS if chest pain is not improved 5 minutes after only a single dose of nitroglycerin to avoid a 15–20-minute delay before activating the EMS system among STEMI patients [14,15].
Nitroglycerin should be avoided in several groups of patients with chest pain. Patients who have used phosphodiesterase inhibitors and then take nitrates can have profound, refractory hypotension. Nitrates generally should be avoided for 24 hours following sildenafil or vardenafil use, and for 48 hours following tadalafil use.

Patients with right ventricular infarction are dependent on right ventricular filling pressure to maintain cardiac output and a normal systolic blood pressure. If the patient has a systolic blood pressure below 100 mmHg or a heart rate below 60 beats per minute, nitroglycerin should be avoided until a 12-lead ECG, including right-sided leads, documents the absence of a right ventricular infarction. Nitroglycerin should also be avoided in patients who already have systolic blood pressures <90 mmHg or heart rates <50 or >100 beats per minute.
Morphine sulfate
A large retrospective case series of hospitalized patients with non-ST segment elevation ACS found that patients who received morphine had a higher mortality than those who did not [34]. It is unclear whether this was a causal effect or simply indicated that those who required morphine may have had more severe disease. The AHA/ACC treatment guidelines for patients with unstable angina or non-ST-elevation MI (NSTEMI) reduce the strength of recommendation for morphine from Class I to Class IIa for patients with NSTEMI [35]. The 2013 AHA/ACC STEMI guidelines give morphine a Class I recommendation in STEMI patients because those patients are going to have reperfusion therapy [15]. The recommended dose of morphine in the patient with chest pain is 2–4 mg intravenously with increments of 2–8 mg intravenously repeated at 5–15-minute intervals when pain is not adequately controlled with nitroglycerin.
Beta-blockers
Older guidelines recommended IV beta-blocker (typically metoprolol) administration early in the course of acute myocardial infarction because of data suggesting reduced rates of reinfarction and recurrent ischemia when patients received both fibrinolytics and IV beta-blockers. A large placebo-controlled randomized trial showed that the effect of beta-blockers in reducing arrhythmic events is equally offset by an increase in development of cardiogenic shock, and survival is similar regardless of early administration of intravenous beta-blockers [36]. Current AHA/ACC recommendations for administration of intravenous beta-blockers in the setting of STEMI are limited to patients who are hypertensive or have ongoing ischemia with no contraindications to their use [15]. On balance, the guidelines suggest that the need for prehospital administration of beta-blockers to patients with STEMI is limited.
Prehospital fibrinolysis
Since fibrinolytics were introduced to emergency cardiac care in the mid-1980s, some have proposed initiating these drugs in the prehospital setting. Several studies published in the early 1990s showed that the strategy was feasible [37] and that it could decrease mortality from STEMI in settings that had relatively long EMS response and/or transport time intervals [38]. Additional studies reinforced the original findings, and a metaanalysis of pooled results from six randomized trials enrolling more than 6,000 subjects concluded that prehospital initiation of fibrinolytics decreased all-cause mortality by shortening initiation of treatment by 58 minutes [39].
Few systems in the United States have implemented prehospital fibrinolysis, although additional research has continued to show time savings over in-hospital treatment. In Europe, particularly where there are often physician-staffed ambulances, prehospital fibrinolysis is used more frequently.
A primary reason why prehospital fibrinolysis is not used regularly in the United States has been a shift in favor of primary PCI for treatment of STEMI. In a prospective observational cohort study of 26,205 consecutive patients with STEMI in Sweden, representing about 95% of the population of STEMI patients in the country, those who were treated with primary PCI had lower 30-day mortality than those treated with fibrinolytics in the hospital (4.9% versus 11.4%) [40]. Primary PCI patients also had lower mortality than those treated with prehospital fibrinolytics (4.9% versus 7.6%).
Several large clinical trials have examined the strategy of transferring patients to a PCI-capable institution from a local hospital compared with administration of fibrinolytics at the local hospital [41,42]. A metaanalysis of six large studies involving 3,750 patients showed that timely transfer for primary PCI strategy is superior in reducing rates of reinfarction, stroke, and the combined end-point criteria of death, reinfarction, or stroke [29].
For situations in which transfer directly to a center capable of primary PCI is not possible in a timely fashion, a strategy of prehospital or non-PCI hospital-based fibrinolysis is reasonable. The available science suggests that the drugs can be safely administered by full-time paramedics or EMS physicians in the field. The EMS system should have a medical director with experience in STEMI management and a well-organized quality assurance program.
Systems of care for ST-elevation myocardial infarction
The EMS system plays a key role in shortening the process of caring for patients with STEMI. Patients who are transported by EMS have shorter treatment intervals than those of patients who arrive at the hospital by other means [43]. Patients can be encouraged to use EMS appropriately. A community intervention to shorten the time interval from symptom onset to ED arrival was shown to increase the proportion of ACS patients who used EMS for transport to the ED [44].
Prehospital notification and field cardiac catheterization laboratory activation
A key benefit of a prehospital 12-lead ECG is notification of the receiving facility of an impending STEMI patient’s arrival. Shortening door-to-balloon time by 30 minutes reduces in-hospital mortality from STEMI by about 1% [45]. Implementation of a prehospital 12-lead ECG program with prehospital notification shortened door-to-balloon times by about 60 minutes in San Diego [46]. In an evaluation of a large patient registry, prehospital notification with ED activation of the catheterization team before patient arrival at the hospital shortened door-to-balloon time by about 15 minutes [47].
Occasional false-positive activation of the PCI team is a necessary byproduct of an aggressive field approach to alerting hospitals about patients with suspected STEMI. One report suggests that up to 15–20% of team activations may not result in any intervention [48]. The rate of false-positive activations depends on the pretest probability of finding a STEMI. If EMS providers perform 12-lead ECGs broadly (e.g. everyone over the age of 30 with any of the following characteristics: chest pain, shortness of breath, abdominal pain, diabetes, or cardiac history), such that the prevalence of actual STEMI is between 0.5% and 5%, then the positive predictive value of a “STEMI-positive” prehospital 12-lead ECG may be around 50% [49]. Such a system would result in more false-positive than true-positive activations of the PCI team.
When patients have a reasonable likelihood of STEMI based on their clinical presentations and 12-lead ECG findings, prehospital cardiac catheterization PCI team activation has consistently been shown to shorten time to definitive treatment of STEMI patients considerably. For example, Nestler et al. showed that prehospital activation of the catheterization laboratory reduced the median door-to-balloon times from 59 to 32 minutes [50]. Cone et al. found that field activation of the catheterization laboratory was associated with 37 and 35 minute shorter door-to-balloon times than ED activation for walk-in STEMI patients or STEMI patients arriving by EMS without field activation, respectively [51]. In addition, field activation of the catheterization laboratory was associated with better compliance with 90-minute STEMI treatment benchmarks. Finally, Horvath et al. found similar reduction in the door-to-balloon times (44 versus 57 minutes) in EMS-transported STEMI patients who had prehospital activation of the cardiac catheterization laboratory compared to those who had the laboratory activated after ED arrival [52].
In summary, field activation of the cardiac catheterization laboratory when a prehospital ECG shows evidence of STEMI is strongly supported by published data. EMS systems should work with their PCI-capable hospitals to establish cardiac catheterization laboratory prehospital STEMI activation protocols and quality improvement monitoring.
Emergency medical services transport
Despite the benefits of EMS for chest pain patients, many patients misinterpret their symptoms, delay calling EMS, or use personal transportation to go to the hospital. Public education campaigns attempted to date have not shortened the overall time interval from symptom onset to hospital arrival, but they have increased the proportion of ACS patients who use EMS [53].
Destination protocols
Almost 80% of the adult population of the United States lives within 60 driving minutes of a PCI-capable center [54]. Of those patients whose closest hospital is not capable of PCI, 74% require additional transport time less than 30 minutes to reach a PCI-capable institution.
Therefore, several urban communities have developed protocols to encourage EMS to transport STEMI patients directly to hospitals with 24/7 capability to perform PCI. In Ottawa, a STEMI bypass protocol for EMS was implemented in May 2005 [55]. Paramedics performed a 12-lead ECG, and if STEMI was identified in a hemodynamically stable patient, the patient was transported directly to the region’s single cardiac center catheterization lab with prehospital notification of the impending arrival of the STEMI patient, often bypassing one of the four other EDs in the city. The median first door-to-balloon time was 69 minutes for patients brought to the catheterization lab directly by EMS, compared with 123 minutes for those needing interhospital transfer. In The Netherlands, prehospital identification of patients with STEMI and transport to a PCI-capable center bypassing other EDs was associated with improved left ventricular function [56].
Some systems are directing EMS to take STEMI patients directly to the heart catheterization lab, bypassing the ED. The strategy reduces door-to-balloon time up to 60 minutes [57]. In more rural settings without available PCI centers, coordinated programs with regional STEMI receiving centers can achieve remarkable door-to-balloon times, even when measuring from the first door (i.e. the door of the rural ED). Two reports from Minnesota show that excellent treatment times can be achieved. In the Minneapolis area, the median first door-to-balloon time was 95 minutes if the referring hospital was less than 60 miles from the PCI center and 120 minutes if the referring hospital was further away [58]. In the Mayo Clinic STEMI system, patients were transferred from 28 regional hospitals up to 150 miles away from the PCI center. The median first door-to-balloon time for the transferred patients was 116 minutes [59].
Air medical evacuation of ST-elevation myocardial infarction patients
A key to a successful regional STEMI system is ready access to air medical transport. Rapid transport of the patient by highly skilled teams in medical helicopters can save significant time from the first door to balloon. Some air medical programs are working closely with referring hospitals and ground EMS systems to dispatch helicopters before arrival of a STEMI patient at a referring hospital [60].
Expanding the role of Basic Life Support providers
Many prearrival 9-1-1 instructions already direct callers to take aspirin if they have chest pain. Allowing BLS providers to administer aspirin, if not contraindicated, and if permitted by EMS laws and regulations, seems the next logical step. One reason stated for the lack of aspirin administration to eligible ACS patients is the inability of BLS providers to administer it based on local protocols or regulations [61].
Basic Life Support providers can be taught to acquire and transmit 12-lead ECGs. This approach may be particularly beneficial in rural areas, with scant ALS coverage and long transport times to definitive care. Using the 12-lead ECG to triage STEMI patients to air transport from the scene may lead to improved cardiac care in rural areas and more efficient use of available resources [62].
Other common causes of chest discomfort
Although most of the available prehospital interventions for chest pain are focused on the identification and treatment of ischemic cardiac disease, the majority of EMS chest pain patients will have other causes for their symptoms, some of which are also immediate threats to life (Box 13.3). A chest pain protocol should focus on treatments that may benefit the ACS/STEMI patient while considering the effects of these treatments on other causes of chest pain.
Box 13.3 Causes of chest discomfort that are immediate life threats
· Acute coronary syndrome
· Pericardial tamponade
· Pulmonary embolism
· Tension pneumothorax
· Thoracic aortic dissection
Aortic dissection
Acute aortic dissection classically causes sudden pain in the chest, sometimes radiating to the back. The dissection is caused by a tear in the intimal lining of the aorta with entry of high-pressure blood into the wall of the aorta. The dissection propagates distally and sometimes also proximally. If the dissection extends around the origin of a peripheral artery, then that vessel can be partially or completely occluded, creating a >15–20 mmHg difference in blood pressures between both patient arms. If the origin of a carotid or vertebral artery is occluded, then the patient may develop neurological signs suggesting a stroke. Occlusion of a spinal artery off the aorta can cause acute paralysis of both legs. Most patients with dissection have long-standing hypertension, but the problem can occur in younger patients with other conditions such as Marfan syndrome.
In the majority of cases of aortic dissection, the12-lead ECG will be abnormal, but will not show ST-segment elevation unless the origin of a coronary artery is occluded by the dissection [63]. Without imaging capability that exists in the hospital, EMS providers may suspect, but cannot identify, aortic dissection definitively [64,65]. If aortic dissection is suspected, morphine can be used for pain control but aspirin should be avoided since patients with acute aortic syndrome who receive antithrombotic agents such as aspirin or fibrinolytics are more likely to bleed [66].
Pericarditis
Individuals with pericarditis may present to EMS with ST-segment elevation on an ECG that looks similar to an extensive myocardial infarction. Administration of fibrinolytics in this condition may be fatal because these patients can bleed into the pericardial sac, resulting in pericardial tamponade. Aspirin administration is somewhat less concerning because antiinflammatory medications are part of the recommended treatment.
Pneumothorax
A pneumothorax may cause chest pain, shortness of breath, hypoxia, and diaphoresis. Clinical signs may point more to this diagnosis than to acute myocardial infarction. EMS systems should have a separate protocol for management of a pneumothorax. Oxygen and morphine may help the patient. Nitroglycerin should be avoided because it can cause hypotension by further decreasing venous return if the patient is developing a tension pneumothorax. If a developing tension pneumothorax is evident, needle decompression is required.
Pulmonary embolism
Pulmonary embolism is a great masquerader because its symptoms may be similar to those of other causes of chest pain and shortness of breath. Its presentation can easily be confused with myocardial infarction or anxiety. Treatment should focus on maximizing oxygenation to the patient. If pulmonary embolism is suspected, nitroglycerin should be avoided because it can cause significant hypotension. Administration of fibrinolytics may potentially benefit the patient, but it is preferable to delay administration until the patient has reached a hospital and undergone a definitive diagnostic imaging study.
Esophageal perforation
A patient with a perforated esophagus may present with chest pain. A careful and focused history and examination will often help differentiate this condition from other causes of chest pain. Nitroglycerin should be avoided because it may cause significant hypotension, and fibrinolytics are contraindicated because of the need for immediate surgery.
Conclusion
Quality prehospital care of patients with chest pain can relieve discomfort and improve outcome. EMS systems should have the capability to perform prehospital 12-lead ECGs and regional protocols should focus on delivering patients with STEMI to PCI centers promptly. Prehospital activation of the cardiac catheterization laboratory is highly effective at shortening the time to definitive reperfusion treatment and should be encouraged.
References
1. 1 Go AS, Mozaffarian D, Roger VL, et al. Heart disease and stroke statistics – 2013 update: a report from the American Heart Association. Circulation 2013;127:e6–e245.
2. 2 CDC. Leading Causes of Death. 2005. Available at: www.cdc.gov/nchs/data/nvsr/nvsr56/nvsr56_10.pdf
3. 3 Canto JG, Zalenski RJ, Ornato JP, et al. Use of emergency medical services in acute myocardial infarction and subsequent quality of care: observations from the National Registry of Myocardial Infarction 2. Circulation 2002;106:3018–23.
4. 4 Brainard AH, Raynovich W, Tandberg D, Bedrick EJ. The prehospital 12-lead electrocardiogram's effect on time to initiation of reperfusion therapy: a systematic review and meta-analysis of existing literature. Am J Emerg Med 2005;23:351–6.
5. 5 Jollis JG, Al-Khalidi HR, Monk L, et al. Expansion of a regional ST-segment-elevation myocardial infarction system to an entire state. Circulation 2012;126:189–95.
6. 6 Jollis JG, Granger CB, Henry TD, et al. Systems of care for ST-segment-elevation myocardial infarction: a report From the American Heart Association's Mission: Lifeline. Circ Cardiovasc Qual Outcomes 2012;5:423–8.
7. 7 Jollis JG, Roettig ML, Aluko AO, et al. Implementation of a statewide system for coronary reperfusion for ST-segment elevation myocardial infarction. JAMA 2007;298:2371–80.
8. 8 Kohn MA, Kwan E, Gupta M, Tabas JA. Prevalence of acute myocardial infarction and other serious diagnoses in patients presenting to an urban emergency department with chest pain. J Emerg Med 2005;29:383–90.
9. 9 Goodacre S, Locker T, Morris F, Campbell S. How useful are clinical features in the diagnosis of acute, undifferentiated chest pain? Acad Emerg Med 2002;9:203–8.
10. 10 Goodacre SW, Angelini K, Arnold J, Revill S, Morris F. Clinical predictors of acute coronary syndromes in patients with undifferentiated chest pain. QJM 2003;96:893–8.
11. 11 Marsan RJ Jr, Shaver KJ, Sease KL, Shofer FS, Sites FD, Hollander JE. Evaluation of a clinical decision rule for young adult patients with chest pain. Acad Emerg Med 2005;12:26–31.
12. 12 Deakin CD, Sherwood DM, Smith A, Cassidy M. Does telephone triage of emergency (999) calls using Advanced Medical Priority Dispatch (AMPDS) with Department of Health (DH) call prioritisation effectively identify patients with an acute coronary syndrome? An audit of 42,657 emergency calls to Hampshire Ambulance Service NHS Trust. Emerg Med J 2006;23:232–5.
13. 13 Ramanujam P, Guluma KZ, Castillo EM, et al. Accuracy of stroke recognition by emergency medical dispatchers and paramedics – San Diego experience. Prehosp Emerg Care 2008;12:307–13.
14. 14 O'Connor RE, Brady W, Brooks SC, et al. Part 10: acute coronary syndromes: 2010 American Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. Circulation 2010;122:S787-817.
15. 15 O'Gara PT, Kushner FG, Ascheim DD, et al. 2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction: executive summary: a report of the American College of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines. J Am Coll Cardiol 2013;61:485–510.
16. 16 Eisenberg MJ, Topal EJ. Prehospital administration of aspirin in patients with unstable angina and acute myocardial infarction. Arch Intern Med 1996;156:1506–10.
17. 17 Kudenchuk PJ, Maynard C, Cobb LA, et al. Utility of the prehospital electrocardiogram in diagnosing acute coronary syndromes: the Myocardial Infarction Triage and Intervention (MITI) Project. J Am Coll Cardiol 1998;32:17–27.
18. 18 Morrison LJ, Brooks S, Sawadsky B, McDonald A, Verbeek PR. Prehospital 12-lead electrocardiography impact on acute myocardial infarction treatment times and mortality: a systematic review. Acad Emerg Med 2006;13:84–9.
19. 19 Massel D, Dawdy JA, Melendez LJ. Strict reliance on a computer algorithm or measurable ST segment criteria may lead to errors in thrombolytic therapy eligibility. Am Heart J 2000;140:221–6.
20. 20 Swor R, Hegerberg S, McHugh-McNally A, Goldstein M, McEachin CC. Prehospital 12-lead ECG: efficacy or effectiveness? Prehosp Emerg Care 2006;10:374–7.
21. 21 Berger JS, Eisen L, Nozad V, et al. Competency in electrocardiogram interpretation among internal medicine and emergency medicine residents. Am J Med 2005;118:873–80.
22. 22 Whitbread M, Leah V, Bell T, Coats TJ. Recognition of ST elevation by paramedics. Emerg Med J 2002;19:66–7.
23. 23 Feldman JA, Brinsfield K, Bernard S, White D, Maciejko T. Real-time paramedic compared with blinded physician identification of ST-segment elevation myocardial infarction: results of an observational study. Am J Emerg Med 2005;23:443–8.
24. 24 Davis DP, Graydon C, Stein R, et al. The positive predictive value of paramedic versus emergency physician interpretation of the prehospital 12-lead electrocardiogram. Prehosp Emerg Care 2007;11:399–402.
25. 25 Dhruva VN, Abdelhadi SI, Anis A, et al. ST-Segment Analysis Using Wireless Technology in Acute Myocardial Infarction (STAT-MI) trial. J Am Coll Cardiol 2007;50:509–13.
26. 26 Wang K, Asinger RW, Marriott HJ. ST-segment elevation in conditions other than acute myocardial infarction. N Engl J Med 2003;349:2128–35.
27. 27 ISIS-2 Investigators. Randomised trial of intravenous streptokinase, oral aspirin, both, or neither among 17,187 cases of suspected acute myocardial infarction: ISIS-2. ISIS-2 (Second International Study of Infarct Survival) Collaborative Group. Lancet 1988;2:349–60.
28. 28 Quan D, LoVecchio F, Clark B, Gallagher JV 3rd. Prehospital use of aspirin rarely is associated with adverse events. Prehosp Disaster Med 2004;19:362–5.
29. 29 Barbash I, Freimark D, Gottlieb S, et al. Outcome of myocardial infarction in patients treated with aspirin is enhanced by pre-hospital administration. Cardiology 2002;98:141–7.
30. 30 Freimark D, Matetzky S, Leor J, et al. Timing of aspirin administration as a determinant of survival of patients with acute myocardial infarction treated with thrombolysis. Am J Cardiol 2002;89:381–5.
31. 31 Cox D, Maree AO, Dooley M, Conroy R, Byrne MF, Fitzgerald DJ. Effect of enteric coating on antiplatelet activity of low-dose aspirin in healthy volunteers. Stroke 2006;37:2153–8.
32. 32 GISSI-3 Investigators. GISSI-3: effects of lisinopril and transdermal glyceryl trinitrate singly and together on 6-week mortality and ventricular function after acute myocardial infarction. Gruppo Italiano per lo Studio della Sopravvivenza nell'infarto Miocardico. Lancet 1994;343:1115–22.
33. 33 Henrikson CA, Howell EE, Bush DE, et al. Chest pain relief by nitroglycerin does not predict active coronary artery disease. Ann Intern Med 2003;139:979–86.
34. 34 Meine TJ, Roe MT, Chen AY, et al. Association of intravenous morphine use and outcomes in acute coronary syndromes: results from the CRUSADE Quality Improvement Initiative. Am Heart J 2005;149:1043–9.
35. 35 Antman EM, Hand M, Armstrong PW, et al. 2007 Focused Update of the ACC/AHA 2004 Guidelines for the Management of Patients With ST-Elevation Myocardial Infarction: a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines: developed in collaboration With the Canadian Cardiovascular Society endorsed by the American Academy of Family Physicians: 2007 Writing Group to Review New Evidence and Update the ACC/AHA 2004 Guidelines for the Management of Patients With ST-Elevation Myocardial Infarction, Writing on Behalf of the 2004 Writing Committee. Circulation 2008;117:296–329.
36. 36 Chen ZM, Pan HC, Chen YP, et al. Early intravenous then oral metoprolol in 45,852 patients with acute myocardial infarction: randomised placebo-controlled trial. Lancet 2005;366:1622–32.
37. 37 Weaver WD, Cerqueira M, Hallstrom AP, et al. Prehospital-initiated vs hospital-initiated thrombolytic therapy. The Myocardial Infarction Triage and Intervention Trial. JAMA 1993;270:1211–16.
38. 38 European Myocardial Infarction Project Group. Prehospital thrombolytic therapy in patients with suspected acute myocardial infarction. N Engl J Med 1993;329:383–9.
39. 39 Morrison LJ, Verbeek PR, McDonald AC, Sawadsky BV, Cook DJ. Mortality and prehospital thrombolysis for acute myocardial infarction: A meta-analysis. JAMA 2000;283:2686–92.
40. 40 Stenestrand U, Lindback J, Wallentin L. Long-term outcome of primary percutaneous coronary intervention vs prehospital and in-hospital thrombolysis for patients with ST-elevation myocardial infarction. JAMA 2006;296:1749–56.
41. 41 Widimsky P, Budesinsky T, Vorac D, et al. Long distance transport for primary angioplasty vs immediate thrombolysis in acute myocardial infarction. Final results of the randomized national multicentre trial – PRAGUE-2. Eur Heart J 2003;24:94–104.
42. 42 Busk M, Maeng M, Rasmussen K, et al. The Danish multicentre randomized study of fibrinolytic therapy vs. primary angioplasty in acute myocardial infarction (the DANAMI-2 trial): outcome after 3 years follow-up. Eur Heart J 2008;29:1259–66.
43. 43 Swor R, Anderson W, Jackson R, Wilson A. Effects of EMS transportation on time to diagnosis and treatment of acute myocardial infarction in the emergency department. Prehosp Disaster Med 1994;9:160–4.
44. 44 Luepker RV, Raczynski JM, Osganian S, et al. Effect of a community intervention on patient delay and emergency medical service use in acute coronary heart disease: the Rapid Early Action for Coronary Treatment (REACT) trial. JAMA 2000;284:60–7.
45. 45 McNamara RL, Wang Y, Herrin J, et al. Effect of door-to-balloon time on mortality in patients with ST-segment elevation myocardial infarction. J Am Coll Cardiol 2006;47:2180–6.
46. 46 Brown JP, Mahmud E, Dunford JV, Ben-Yehuda O. Effect of prehospital 12-lead electrocardiogram on activation of the cardiac catheterization laboratory and door-to-balloon time in ST-segment elevation acute myocardial infarction. Am J Cardiol 2008;101:158–61.
47. 47 Bradley EH, Herrin J, Wang Y, et al. Strategies for reducing the door-to-balloon time in acute myocardial infarction. N Engl J Med 2006;355:2308–20.
48. 48 Larson DM, Menssen KM, Sharkey SW, et al. “False-positive” cardiac catheterization laboratory activation among patients with suspected ST-segment elevation myocardial infarction. JAMA 2007;298:2754–60.
49. 49 Youngquist ST, Kaji AH, Lipsky AM, Koenig WJ, Niemann JT. A Bayesian sensitivity analysis of out-of-hospital 12-lead electrocardiograms: implications for regionalization of cardiac care. Acad Emerg Med 2007;14:1165–71.
50. 50 Nestler DM, White RD, Rihal CS, et al. Impact of prehospital electrocardiogram protocol and immediate catheterization team activation for patients with ST-elevation-myocardial infarction. Circ Cardiovasc Qual Outcomes 2011;4:640–6.
51. 51 Cone DC, Lee CH, van Gelder C. EMS activation of the cardiac catheterization laboratory is associated with process improvements in the care of myocardial infarction patients. Prehosp Emerg Care 2013;17:293–8.
52. 52 Horvath SA, Xu K, Nwanyanwu F, et al. Impact of the prehospital activation strategy in patients with ST-elevation myocardial infarction undergoing primary percutaneous revascularization: a single center community hospital experience. Crit Pathw Cardiol 2012;11:186–92.
53. 53 Osganian SK, Zapka JG, Feldman HA, et al. Use of emergency medical services for suspected acute cardiac ischemia among demographic and clinical patient subgroups: the REACT trial. Rapid Early Action for Coronary Treatment. Prehosp Emerg Care 2002;6:175–85.
54. 54 Nallamothu BK, Bates ER, Wang Y, Bradley EH, Krumholz HM. Driving times and distances to hospitals with percutaneous coronary intervention in the United States: implications for prehospital triage of patients with ST-elevation myocardial infarction. Circulation 2006;113:1189–95.
55. 55 Le May MR, So DY, Dionne R, et al. A citywide protocol for primary PCI in ST-segment elevation myocardial infarction. N Engl J Med 2008;358:231–40.
56. 56 Van't Hof AW, Rasoul S, van de Wetering H, et al. Feasibility and benefit of prehospital diagnosis, triage, and therapy by paramedics only in patients who are candidates for primary angioplasty for acute myocardial infarction. Am Heart J 2006;151:1255 e1–5.
57. 57 Dorsch MF, Greenwood JP, Priestley C, et al. Direct ambulance admission to the cardiac catheterization laboratory significantly reduces door-to-balloon times in primary percutaneous coronary intervention. Am Heart J 2008;155:1054–8.
58. 58 Henry TD, Sharkey SW, Burke MN, et al. A regional system to provide timely access to percutaneous coronary intervention for ST-elevation myocardial infarction. Circulation 2007;116:721–8.
59. 59 Ting HH, Rihal CS, Gersh BJ, et al. Regional systems of care to optimize timeliness of reperfusion therapy for ST-elevation myocardial infarction: the Mayo Clinic STEMI Protocol. Circulation 2007;116:729–36.
60. 60 Thomas SH, Kociszewski C, Hyde RJ, Brennan PJ, Wedel SK. Prehospital electrocardiogram and early helicopter dispatch to expedite interfacility transfer for percutaneous coronary intervention. Crit Pathw Cardiol 2006;5:155–9.
61. 61 Hooker EA, Benoit T, Price TG. Reasons prehospital personnel do not administer aspirin to all patients complaining of chest pain. Prehosp Disaster Med 2006;21:101–3.
62. 62 Provo TA, Frascone RJ. 12-lead electrocardiograms during basic life support care. Prehosp Emerg Care 2004;8:212–16.
63. 63 Biagini E, Lofiego C, Ferlito M, et al. Frequency, determinants, and clinical relevance of acute coronary syndrome-like electrocardiographic findings in patients with acute aortic syndrome. Am J Cardiol 2007;100:1013–19.
64. 64 Johnson TR, Nikolaou K, Wintersperger BJ, et al. ECG-gated 64-MDCT angiography in the differential diagnosis of acute chest pain. Am J Roentgenol 2007;188:76–82.
65. 65 Shiga T, Wajima Z, Apfel CC, Inoue T, Ohe Y. Diagnostic accuracy of transesophageal echocardiography, helical computed tomography, and magnetic resonance imaging for suspected thoracic aortic dissection: systematic review and meta-analysis. Arch Intern Med 2006;166:1350–6.
66. 66 Hansen MS, Nogareda GJ, Hutchison SJ. Frequency of and inappropriate treatment of misdiagnosis of acute aortic dissection. Am J Cardiol 2007;99:852–6.
[bookmark: _GoBack]

