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12-lead ECG interpretation and chest pain management: 1 Brendan Docherty Abstract The National Service Framework for Coronary Heart Disease provides guidance on important aspects of therapy that may make a substantial difference to patient care (Department of Health (DoH), 2001). It highlights the need to identify and fast-track patients with an acute coronary syndrome so that thrombolysis or appropriate interventional care can take place as soon as possible, to optimize myocardial salvage and reduce door-to-needle time (DoH, 2001; Castle, 2002). It is therefore extremely important that nurses in acute clinical areas are able to record and interpret 12-lead electrocardiograms so that the treatment modality can be initiated as soon as possible, leading to better clinical outcomes for this patient group. Although nurses work within a healthcare team, it is often the nurse who initially assesses, implements and coordinates care for patients with chest pain, be it in the emergency department, cardiac unit, general ward setting or general practice.



Brendan Docherty is Clinical Manager, Cardiology and Critical Care, Queen Elizabeth Hospital NHS Trust, London, and Honorary Lecturer, Healthcare Research Unit, City University, London Accepted for publication: October 2003



N



urses are encouraged to develop evidence-based holistic care in line with service developments, where patient assessment is the key to determining which intervention or treatment may be required (Docherty, 2001a; Department of Health (DoH), 2002). Acute coronary syndrome is a relatively new term for a group of conditions presenting with chest pain and related symptoms (Castle, 2002). This group includes:



Table 1. Standards from the National Service Framework for Coronary Heart Disease Standard 5: People with symptoms of a possible heart attack should receive help from an individual equipped with and appropriately trained in the use of a defibrillator within 8 minutes of calling for help, to maximize the benefits of resuscitation should it be necessary Standard 6: People thought to be suffering from a heart attack should be assessed professionally and, if indicated, receive aspirin. Thrombolysis should be given within 60 minutes of calling for professional help Standard 7: NHS trusts should put in place agreed protocols/systems of care so that people admitted to hospital with proven heart attack are appropriately assessed and offered treatments of proven clinical and cost-effectiveness to reduce their risk of disability and death Source: DoH (2001)
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● Full wall (transmural) myocardial infarction (MI) — now termed ST elevation MI (STEMI) ● Partial wall (subendocardial or non-Q wave) MI — now termed non-ST segment elevation MI (NSTEMI) ● High-risk unstable angina ● Chest pain patients who may benefit from early 12-lead electrocardiogram (ECG) interpretation to assist with diagnosis and ensuing management (Castle, 2002; Hughes, 2003). The DoH has recently recommended that healthcare practitioners should review job roles, responsibilities and the infrastructure of the organization in which they work. The aim is to ensure that the health service is staffed by flexible professionals working in a way that benefits patient care, and may even exceed patient expectations (DoH, 2002). The National Service Framework for Coronary Heart Disease has set key standards for health professionals to achieve. Standards 5, 6 and 7 (Table 1) relate directly to 12-lead ECG recording and interpretation. This article, the first of a two-part series, describes and demonstrates some of the core aspects of 12-lead ECG recording and analysis as well as some of the important treatment modalities. Part 2 will cover advanced 12lead ECG interpretation. LITERATURE SEARCH



Medline, Cinahl and Cochrane databases were searched for the years 1996–2003, using the key words 12-lead electrocardiogram, acute myocardial infarction, chest pain, unstable angina, electrophysiology and acute coronary syndrome. All terms were exploded and subsets included. The papers were retrieved and critiqued for robustness using Benton and Cormack’s (2000) model. ANATOMY AND PHYSIOLOGY



The heart is a four-chamber muscular organ whose main function is to deliver deoxygenated
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blood to the lungs and oxygenated blood to the tissues (Tortora and Grabowski, 2001). The superior and inferior vena cavae separately carry blood to the right atrium. From there it travels through the tricuspid valve to the right ventricle, and then through the pulmonary semilunar valve to the pulmonary arteries and lung network for oxygenation. The blood is then returned to the left atrium via the pulmonary veins, through the bicuspid valve to the left ventricle, and finally through the aortic semilunar valve to the arch of the aorta for distribution to the body tissues (Tortora and Grabowski, 2001). The chambers and main vessels of the heart are shown in Figure 1. Energy-producing structures (mitochondria) are larger in size and quantity in the myocardium and rely heavily on oxygen to function efficiently (Tortora and Grabowski, 2001). Thus, a small reduction in oxygen supply, or small increase in oxygen demand (e.g. during exercise), can cause myocardial ischaemia in patients with atheromatous coronary arteries (Tortora and Grabowski, 2001).



on the ECG (usually in red ink) by the operator to identify that the chest leads have been placed over the right ventricle surface. CARDIAC ELECTROPHYSIOLOGY



The original theory underlying cardiac electrophysiology and the creation of ECG recording
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12-LEAD ABBREVIATIONS



The main abbreviations used when recording 12-lead ECGs are as follows (Jowett and Thompson, 1996; Garcia and Holtz, 2001): ● ‘V’ indicates that a lead is unipolar (V is the Greek letter for U) and the recording is being measured from a wave of depolarization going towards a positive pole from the heart centre ● ‘a’ stands for augmented; these leads are travelling a distance, either through or away from the heart, and are therefore more likely to be altered or affected by the distance travelled. Although the bipolar leads do not have an ‘a’, they are also affected by the distance travelled. The first six leads (the left-hand) of the 12-lead ECG are therefore augmented. The chest leads do not have an ‘a’ as they are positioned directly over the heart and are thus not travelling a great distance in terms of conducting electrical signals ● R, L and F on the limb leads (the three on the middle left-hand of the ECG) stand for right (shoulder), left (shoulder) and foot (left abdomen), respectively ● R on the chest leads (the six right-hand side recordings) is usually written manually
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Figure 1. The heart chambers, vessels and valves.



a. A wave of depolarization/contraction going directly towards a positive pole will be reflected with an upwards positive deflection on the ECG



b. A wave of depolarization/contraction going directly away from a positive pole will be reflected with a downwards negative deflection on the ECG



c. A wave of depolarization/contraction going at right angles from a positive pole will be reflected with an equiphasic deflection on the ECG (equally positive and negative)



90 degrees



Figure 2. Core rules of cardiac electrophysiology.
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is the Einthoven Triangle Hypothesis, named after the German physician who calculated the first three views of the heart using an equilateral triangle over the chest wall — the common ECG monitoring position (Jowett and Thompson, 1996). Cardiac electrophysiology is a complex subject, but this article will attempt to simplify it. Electrophysiology is the recording of electrical conduction through the heart, and is sensitive to changes in the heart tissue, which are in turn reflected in the part of the ECG complex being recorded (Paul and Hebra, 1998). The ECG records electrical impulses only, and should not be used as an indicator of
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Figure 3. A normal ECG complex.
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cardiac output or blood pressure; these should always be assessed with a pulse and blood pressure measurement (Docherty, 2002a). For the purposes of this article, cardiac electrophysiology is described using three core principles of direction (Figure 2). For example, lead II is recorded from the right shoulder (negative pole) to the left abdomen (positive pole). In broad terms, the heart contracts from the right atrium down towards the base of the left ventricle. Thus, the wave of depolarization/contraction is going almost directly towards a positive pole, and will be represented by an upright ECG complex — the main reason lead II is used for 3-lead ECG monitoring (Docherty, 2002a). On the 12-lead ECG, aVR (augmented unipolar lead) is recorded from the heart to the right shoulder (positive pole). As depolarization occurs almost directly opposite this recording, aVR will always be a negative deflected complex. As the heart does not physiologically function in this manner, aVR is the only one of the 12 leads not used diagnostically, except perhaps as a check that the electrodes are in the correct position (Paul and Hebra, 1998). If an ECG has a positively deflected aVR, the limb leads have almost certainly been placed incorrectly. From the three core principles, shown in Figure 2, it can be seen that ECG complexes are either more negatively or positively deflected and will be uniquely different depending on the wave of depolarization and the particular lead (pole) that is recording the signal. A normal ECG complex and the corresponding waves are shown in Figure 3 and described by Docherty (2002b).
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Figure 4. Normal 12-lead ECG complexes and the area of the left ventricle that they view.
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The 12 views of the ECG (Figure 4) are recorded using two reference points of opposite polarity going from a negative reference point to a positive reference point: the positive reference point is an electrode attached to the patient’s skin (Garcia and Holtz, 2001). An ECG machine will, in turn, record each lead by automating the negative and positive reference points to detect and record the electrical activity from that area of the heart. The positive sensing electrode is always the one that records the electrical activity from the negative reference electrode or point (Paul and Hebra, 1998).
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The ECG machine (and ECG monitors) calculate the null reference point (i.e. the centre of the heart’s electrical activity) using the limb electrodes, so it is imperative that limb lead placement is correct and as close to the heart as possible — usually on the shoulders and lower abdomen (Paul and Hebra, 1998; Rautaharju et al, 1998). This null reference point/electrical heart centre is then the negative reference point for all nine leads that are unipolar; these are signified by a V on the 12-lead ECG (Paul and Hebra, 1998; Rautaharju et al, 1998). The normal 12-lead ECG only records activity directly related to the left ventricle and the atria. Specialized ECGs will be required if you wish to assess the right ventricle (RV1 to RV6 ECG; R stands for right ventricle) or posterior view (V7 to V9 ECG) of the myocardium (Garcia and Holtz, 2001). The ECG consists of 12 leads — three bipolar leads I, II and III (i.e. recording from one lead that is negatively charged to another that is positively charged) and nine unipolar leads: aVR, aVL, aVF and the six chest leads V1 to V6 (i.e. recording from the heart — null reference point — outwards towards a positively charged electrode or lead). Figure 4 shows the normal configuration of the 12 complexes and layout of the 12-lead ECG. RECORDING A 12-LEAD ECG



Generic landmarks should be used for 12lead ECG placement to optimize ECG interpretation and enhance the use of serial ECGs when triaging patients with acute coronary syndromes (Docherty, 2002b). These are shown in Figure 5. To summarize, only the fourth and fifth intercostal spaces are used for the chest leads; the limb leads should be positioned on the shoulders and abdomen and electrodes should be placed over breast tissue (Docherty, 2002b). It takes practice to be able to identify the intercostal spaces, and those wishing to learn should seek supervision. The generic landmarks are identified in order of placement and are shown in Figure 5, where right (R) and left (L) refer to the patient’s right and left side, rather than to the person applying the electrodes. Electrodes should be placed across the chest wall in the order shown below, not in numbered electrode order (Rautaharju et al, 1998; Docherty, 2002b):
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RA
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RL
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1. 4th intercostal space down from the clavicle, two finger spaces to the right of the sternum — position chest lead V1 2. 4th intercostal space down from the clavicle, two finger spaces to the left of the sternum — position chest lead V2 3. 5th intercostal space down on the left mid-clavicular axis (approximately nipple level) — position chest lead V4 4. Between V2 and V4 — position chest lead V3 5. 5th intercostal space down on the left mid-axillary axis — position chest lead V6 6. Between V4 and V6 — position chest lead V5 7. Right shoulder — position limb lead RA (red) 8. Left shoulder — position limb electrode LA (yellow) 9. Left lower abdomen — position electrode LF (green) 10. Right lower abdomen — position electrode RF (black). Standardization of recordings from machines should also identify 1 mV potential represented by a 10 mm vertical deflection at the start and finish of a 12-lead ECG. The speed should be 25 mm/second. Encouraging



   



Figure 5. Intercostal spaces/12-lead ECG placement.
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the patient to minimize movement will enhance the quality of the recording (Jowett and Thompson, 1996). 111
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ST SEGMENT ANALYSIS



Figure 6. Ischaemia.



8!



8$



Figure 7. Pericarditis (convex configuration).
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Figure 8. Anterolateral myocardial infarction (concave configuration).
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Figure 9. Early inferolateral myocardial infarction.
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This is the most crucial analytical tool, and the one most frequently used by practitioners, for investigating cardiac and critically ill patients (Jowett and Thompson, 1996). ST segments can be isoelectric (normal), depressed in ischaemia (related to both angina and NSTEMI), and elevated in both acute MI (concave configuration, sometimes referred to as tombstone or n-shaped elevation) and pericarditis (convex configuration, sometimes referred to as saddle or u-shaped elevation). A diagrammatic representation of ST segment analysis can be found in Docherty (2002b). ● Ischaemia (unstable angina) — indicative of narrowing (atherosclerosis) of the coronary artery supplying that region of the myocardium. The diagnostic criteria is 0.5 mm ST segment depression and T wave inversion (Jones, 2003). See Figure 6 (inferior ischaemia shown in leads III and aVF) ● ST depression may also be present in NSTEMI. Troponin or creatine kinase muscle band (CKMB) levels will be required to help differentiate between NSTEMI and unstable angina (Jones, 2003) ● Pericarditis: inflammation of the pericardium following coronary artery bypass grafts, acute pulmonary stress or MI. Diffuse convex ST elevation (pericarditis usually affects most of the pericardium), notching at the end of the QRS complex, and PR segment depression — these features do not have to be seen in all leads, but should occur in most of them (Smith et al, 2002). Figure 7 shows anterior pericarditis in leads V3 and V6 ● Infarction (STEMI) — indicative of occlusion of the coronary artery supplying that region of the myocardium. Figure 8 shows anterolateral MI 10–12 hours old, and Figure 9 shows inferolateral MI 2–4 hours old. A diagnosis of acute STEMI occurs when there is a diagnostic criteria of >1 mm elevation (in two or more consecutive limb leads) and/or 2 mm elevation (in two or more consecutive chest leads); 0.5 mm elevation in posterior leads; or a new left bundle-branch block (Jones, 2003).
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12-lead ECGs should be recorded when the patient is experiencing pain, and serially following pain, to aid the diagnosis of acute coronary syndrome. Thus, if pain does not resolve, a 12-lead ECG recording should be repeated every 20 minutes until resolution of the pain, using the ECG to assist in medical management of the patient (Smith et al, 2002). AREAS OF INJURY



The 12-lead ECG will usually show ST depression or ST elevation in areas of the myocardium where the coronary artery is narrowed or occluded, respectively. After the leads that are affected have been located, Table 2 can be used to identify and classify the region of ischaemia or infarction. For example, ST elevation in leads V1 to V4 (greatest elevation in V4) is due to occlusion of the left anterior descending coronary artery, classified as anterior MI. ST depression in leads II, III and aVF is caused by narrowing of the right coronary artery, classified as inferior ischaemia. Occlusion may not be restricted to one specific area, and can affect two or more areas. During STEMI, there is usually coexisting ST elevation in one area of the heart with ST depression in the leads opposite the area of infarction. In this case, the ST depression is called reciprocal, and represents a mirror image of the ST elevation injury pattern. This is not true ischaemia in those leads with ST depression, but an electrical change only, which can assist in the ECG diagnosis of STEMI (Brady et al, 2002). CHEMICAL BIOMARKERS



In a prospective observational study, serial 12lead ECGs used in combination with biochemical markers (in this case CKMB — the isoenzyme for myocardial cells) increased the accuracy of MI identification and treatment (Fesmire, 2000). Biochemical markers can help in the overall assessment of chest pain, but as levels are not raised within the first few hours of an acute cardiac event, they should not be used in isolation (Smith et al, 2002). The biochemical markers total creatine kinase (CK) and lactate dehydrogenase (LD) are no longer used to aid the diagnosis of STEMI, and have been replaced by cardiac troponins (type I or type T). These measure
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absolute myocardial specificity for tissue damage; if troponin measurements are not available then CKMB is the next best alternative (Docherty, 2001b; Smith et al, 2002). TREATMENT OPTIONS



Acute coronary syndromes are generally all managed with: ● Oxygen therapy (28–35%) (high-flow oxygen therapy is not necessary in cardiac chest pain because of the nature of the myocardial mitochondria) ● Opioid analgesia (given with anti-emetic agents) ● Nitrates to reduce cardiac pain and ischaemia ● Anti-thrombotic drugs (e.g. aspirin), which reduce the platelets’ ability to aggregate and hence the likelihood of thrombus formation ● Statins (e.g. simvastatin) to reduce cholesterol levels and improve coronary plaque stability, endothelial function and inhibition of thrombus formation (Docherty, 2001b; Schwartz et al, 2001; Hughes, 2003). These drugs are usually combined with either beta-blockers (e.g. metoprolol) to



Table 2. Location of injury ST segment ECG changes



Coronary artery affected Classification



V1 through to V4



Left anterior descending Anterior (LAD) ST segment changes increase in severity as you go from V1 to V4, marked at V3 or V4 V1 through to V4 LAD Septal ST segment changes decrease in severity as you go from V1 to V4, marked at V1 or V2 I, aVL, V5 and V6



Left circumflex, proximal LAD



Lateral



II, lead III, and aVF



Right coronary artery (RCA)



Inferior



II, lead III, and aVF with RCA and left RV4, RV5, RV6 circumflex Right-sided 12-lead ECG required to diagnose



Inferior and right ventricle



RV4, RV5, RV6 (rare)



Right ventricle



Left circumflex



ST depression V1 and V2 RCA, left circumflex with tall R waves and ST elevation V7, V8 and V9 Posterior 12-lead ECG required to diagnose



Posterior infarction



Source: Garcia and Holtz (2001); Hynes-Gay and Holmes (2001); Wung and Drew (2001); Smith et al (2002)
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‘



A recent Cochrane review of thrombolysis vs angioplasty demonstrated that, where possible (probably in larger secondary and tertiary care centres with appropriate cardiology and cardiothoracic facilities), angioplasty as a primary treatment modality for acute myocardial infarction is associated with a significant reduction in mortality compared with thrombolysis...



’



reduce cardiac workload and assist in controlling angina, or angiotensin-converting enzyme (ACE) inhibitors (e.g. ramipril) — although both can be used in heart failure patients (Docherty, 2001b; Schwartz et al, 2001; Hughes, 2003). ACE inhibitors are used to treat high blood pressure and heart failure, as well as to improve survival following a heart attack (National Institute for Clinical Excellence (NICE), 2003). Acute coronary syndromes that do not present with ST segment elevation (i.e. unstable angina and NSTEMI) are treated with other drug groups that are used either alone or in combination, depending on the individual patient history and symptoms (Hughes, 2003). These are: ● Anticoagulants, e.g. heparin. All patients with acute coronary syndrome should receive either unfractionated heparin (UFH) or low molecular weight heparin (LMWH). LMWH is the preferred option because of ease of subcutaneous administration, a longer half-life, and a reduced need to measure haematological values as these are more predictable than with UFH. ● Second-generation platelet inhibitors (thienopyridines), e.g. ticlopidine and clopidogrel. Clopidogrel has been found to be slightly more effective than aspirin and safer in terms of haematological side-effects than ticlopidine (Harding et al, 2002). ● Third-generation platelet inhibitors, e.g. glycoprotein IIb/IIIa. These drugs prevent fibrinogen from binding platelets together, thereby inhibiting platelet aggregation. Their use is indicated in acute coronary syndrome for patients at high risk of developing STEMI (Harding et al, 2002; Hughes, 2003). THROMBOLYSIS



For confirmed STEMI, where there are no contraindications, thrombolysis (e.g. using tenecteplase or streptokinase) should be given within 6 hours of the presenting chest pain episode if possible. The greatest benefit of reperfusion is seen in the first hour after coronary artery occlusion, although there are still benefits to be gained from administering thrombolysis up to 12 hours pain onset (Smith et al, 2002). Tenecteplase (third-generation thrombolytic agent) is becoming an increasingly popular choice of first-line treatment as it can easily be
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administered as a bolus injection (thereby having maximum effect in terms of reducing time delay), has a longer half-life (and therefore continued effects after initial injection) and a lower incidence of haemorrhages (ASSENT-2 Investigators, 1999; Murphy et al, 2002). Caution must be exercised in pericarditis and Prinzmetal’s angina, where coronary artery spasm may result in ST elevation, which can be mistaken for acute MI (Smith et al, 2002). Thrombolysis is contraindicated in these cases; serial ECGs should be used with clinical history to prevent the inappropriate administration of thrombolytic agents (Smith et al, 2002). A recent Cochrane review of thrombolysis vs angioplasty demonstrated that, where possible (probably in larger secondary and tertiary care centres with appropriate cardiology and cardiothoracic facilities), angioplasty as a primary treatment modality for acute MI is associated with a significant reduction in mortality compared with thrombolysis (Centre for Reviews and Dissemination, 2002). Also, patients who receive stents following balloon angioplasty have lower mortality rates and a lower incidence of restenosis (Maillard et al, 2000). CONCLUSION



Patients who present to emergency departments with acute chest pain, or inpatients who develop acute chest pain, should be assessed immediately to determine the aetiology of that pain. If it is found to be cardiac in origin, then clinical history, 12-lead ECG and biochemical markers should be used to determine whether it is STEMI, NSTEMI or unstable angina (DoH, 2001). Nurses therefore need to develop their physical assessment skills and their skills in recording and interpreting 12-lead ECGs to enable them to assist in both the diagnostic process and the delivery of effective treatments (Docherty, 2002a; DoH, 2002). This article has laid down the foundation for nurses to equip themselves with the necessary skills to meet the needs of patients with cardiac chest pain. Part 2 will aim to develop these skills further. BJN
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KEY POINTS ■ The National Service Framework for Coronary Heart Disease sets out targets for chest pain assessment and door-to-needle times to ensure that patients with a myocardial infarction are treated promptly.



‘



Patients who present to emergency departments with acute chest pain, or inpatients who develop acute chest pain, should be assessed immediately to determine the aetiology of that pain...Nurses therefore need to develop their physical assessment skills and their skills in recording and interpreting 12-lead ECGs to enable them to assist in both the diagnostic process and the delivery of effective treatments...



’



■ Nurses and nursing are central to chest pain management, including acute physical care and health education of patients with acute coronary syndromes. ■ Accurate recording of 12-lead electrocardiograms (ECGs) will ensure that trends and comparisons are more useful adjuncts to care and will prompt management changes should differences occur. For example, if a patient with continuing chest pain develops new ST segment elevation then thrombolysis may be urgently indicated. ■ Acquisition of 12-lead ECG analysis skills by nursing staff will help ensure that national targets are met, and that the care provided is as individual and unique as the patient. ECG skills will give the patient a sense of confidence in nursing staff who work in acute care areas 24 hours a day, as well as enabling them to deliver holistic patient-focused care.
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