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Syncope and Sudden Death Henry Green, MD, FACC, FACP July 22, 2009 Significance of syncope: While syncope may be benign, it may also be the only forewarning of sudden death. Patients with heart disease are at the greatest risk. Vasovagal syncope and orthostatic hypotension do not increase mortality. Cardiac syncope confers a twofold higher mortality per year. About 50% of cardiac deaths are sudden (instantaneous to 1 hour). Most of these patients did not have identifiable risk factors prior to the event. There are 300-350,000 such cases in USA per year. Etiology Neurally mediated reflex syncope. In normal subjects standing causes 500-1000 cc. of blood to be diverted to the lower extremities and splanchnic vessels. Excessive venous pooling is believed to induce a hypercontractile state of the heart. This triggers reflex bradycardia and a fall in peripheral vascular resistance. Types: Situational Prolonged standing, fear, emotional upset, severe pain Generally a prodrome of weakness, lightheadedness, pallor, mydriasis, yawning Cough syncope Micturition syncope Defecation syncope Deglutition syncope Glossopharyngeal neuralgia Carotid sinus syndrome 3 types Cardioinhibitory – heart rate slows Vasodepressor – blood pressure falls Mixed -- both Orthostatic hypotension Causes: Pure autonomic failure - multiple system atrophy, Parkinson’s disease, Lewy body disease Secondary autonomic failure – diabetes, amyloidosis Post-exercise Drug induced Postprandial Volume depletion – hemorrhage, dehydration, Addison’s disease Presentation: There is usually a prodrome of presyncope, although elderly patients may have amnesia for it. Older patients sometimes present with hypotension-induced transient ischemic attacks, or even infarcts Sinus node dysfunction Sinus node disease can occasionally cause syncope related to sinus arrest or marked sinus bradycardia.
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Stokes Adams syndrome (heart block): This term often refers to patients with complete heart block associated with a heart rate of about 40 or less. While this may be tolerated by some patients, the syndrome is frequently characterized by sudden episodes of asystole that result in syncope or sudden death. Some people use the term Stokes-Adams syndrome to mean any arrhythmic cause of syncope.
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Specific cardiac diseases Structural heart disease Left ventricular dysfunction is a risk factor for sudden death. 20-30% of these patients die suddenly. The New York Heart Association class also correlates with sudden death. However, not even patients with compensated heart failure are free of risk. Many of these deaths are not explained by demonstrable arrhythmias. A number of tests have been proposed to identify patients at high risk. The signal-averaged ECG has a high negative predictive value but a positive test is not a strong predictor of events. Other tests, including T-wave alternans and heart rate variability are not as well established. Electrophysiologic testing offers accurate prediction in some disorders but not in others. Many heart diseases may confer risk, including coronary artery disease, cardiomyopathy, hypertensive heart disease, valvular heart disease, myocarditis and congenital heart disease. Many adults that had congenital cardiac defects repaired in childhood remain at risk for ventricular fibrillation throughout their lives. They should be referred to an adult congenital heart specialist. Hypertrophic cardiomyopathy This familial disorder occurs in about one out of every 500 persons and is the commonest cause of sudden death among athletes. By no means is it always fatal; many of these patients live normal lives. The obstructive form is characterized by disproportionate thickening of the interventricular septum. This, along with anterior movement of the anterior leaflet of the mitral valve, results in a dynamic pressure gradient from the left ventricle to the aorta. This can result in disabling symptoms. Ventricular arrhythmias can also occur. The substrate for reentry is the result of myofibrillar disarray and fibrosis, as well as ischemia. See the essay on hypertrophic cardiomyopathy. Infiltrative diseases of the myocardium, Sarcoidosis and other infiltrative cardiomyopathies may result in ventricular arrhythmias. Arrhythmogenic right ventricular dysplasia Arrhythmogenic right ventricular dysplasia is characterized by fibrofatty infiltrate in the right ventricular myocardium. It can be familial. The electrocardiogram is abnormal in 90% of patients, usually showing T wave inversion in leads V1-V3. This is neither diagnostic nor specific for heart disease; this finding is common in children as well as some young adults. There may also be delayed right ventricular activation, right bundle branch block, or epsilon waves (small potentials seen immediately after the QRS). The diagnosis is made by myocardial biopsy and cardiac MRI. There are many difficulties with these approaches, and suspected patients should be referred to centers specializing in the diagnosis. Many of these patients require implantable defibrillators.
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Electrical heart disease (without apparent structural disease) Non-familial Outflow tract ventricular tachycardias Idiopathic LV ventricular tachycardia Idiopathic propanolol sensitive VT Familial These are ion channelopathies without evidence of structural heart disease. Long QT syndrome There are 10 genotypes, of which types 1, 2 and 3 are the most common. Symptoms include syncope and sudden death. The responsible arrhythmia is polymorphic ventricular tachycardia. The several types differ as to the triggering event and the efficacy of drug therapy. Triggering events may be emotion, exertion, sleep, or startling, depending on the genotype. Some respond to beta-blocker therapy (especially type 1), and others require implantation of a defibrillator. Type 3 patients’ attacks are triggered by bradycardia. These individuals may benefit from a pacemaker. Several other drugs have been used, such as Nicorandil. Measure the corrected QT interval with Bazzett formula: QTc = measured QT/√RR interval in seconds Abnormal: >440ms in males, 460 females Short QT syndrome This syndrome may be familial. Patients have a history of syncope or atrial fibrillation. There may be a family history of sudden death. The characteristic arrhythmia is monomorphic ventricular tachycardia. The electrocardiogram shows a QT interval of 300-330 ms. The use of quinidine has been suggested. Brugada syndrome Brugada syndrome is another familial disorder associated with syncope and sudden death due to ventricular fibrillation. The ECG characteristically shows ST elevation and coving ≥ 2 mm in V1-V3 with or without right bundle branch block. In some patients, the pattern is not consistently present, but may be inducible by intravenous administration of certain drugs, such as procainamide. Not all patients require a defibrillator. Risk stratification is based on whether there has been syncope and the presence of the typical ECG at baseline. Electrophysiologic testing has an important role. Catecholaminergic ventricular tachycardia This is usually found in children and teenagers. The ECG is normal in these patients. No pharmacologic test is available, but a treadmill test can elicit the characteristic bidirectional polymorphic ventricular tachycardia. Treatment consists of beta blockers or implantable defibrillator. Left cardiac sympathetic denervation has been proposed as an adjunct when the patient has experienced frequent defibrillator discharges.



3



Extrinsic causes of ventricular arrhythmias Drugs Metabolic Phenothiazines Hypothyroidism Psychotropics Hypokalemia Antiarrhythmics Hypomagnesemia Antibiotics Hypocalcemia Antihistamines Hypoxemia Antifungals CNS disease Antiretrovirals Non-dihydropyridine CCB’s



Physical Agents Chest trauma (e.g. commotio cordis)* Electrical (medical, household, industrial)



* Commotion cordis is ventricular fibrillation induced by a blow to the sternum, typically in a child between the ages of 7 and 15 years of age. It is most likely to occur during a sporting event. Currently available chest protectors reduce the incidence, but do not eliminate it. The timing of the blow is critical. In animal experiments, it had to be 15-30 ms. prior to the apex of the T wave to induce ventricular fibrillation. This is the second commonest cause of death on the playing field. Atrial arrhythmias (e.g. rapid atrial fibrillation, rapid supraventricular tachycardia) Electronic pacemaker failure Mechanical heart diseases Aortic stenosis Mitral stenosis



Hypertrophic cardiomyopathy Atrial myxoma



Primary pulmonary hypertension



Primary pulmonary hypertension Non-cardiac causes of syncope Pulmonary embolism subarachnoid hemorrhage Dissecting aneurysm vertebrobasilar insufficiency Cardiac tamponade platybasia Hypoglycemia epilepsy Cerebrovascular steal – suggested by syncope with arm exercise Diagnosis The extent of examination and choice of testing are determined by the basic information learned from the history, physical examination, electrocardiogram, and often an echocardiogram. Usually neurologic investigations are not indicated when the problem is clearly syncope. History A thorough medical history is essential, including details of the patient’s medications Circumstances surrounding the syncope are important. Determine whether the patient realized he was falling, whether he made an effort to prevent injury, and whether he was in fact injured. Lack of prodrome supports a cardiogenic cause. Consider the possibility of syncope in anyone who falls. Keep in mind that there may be amnesia for the syncope preceding the fall.
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A bystander can often provide a better description of the event. Ask whether the patient tripped or fell for no apparent reason. Inquire as to the patient’s appearance while unconscious (pallor suggesting cardiogenic syncope), his breathing pattern, seizure activity, incontinence, and whether he recovered rapidly or not. Usually recovery from syncope is rapid and complete, unlike a seizure. Find out whether there have been previous episodes, and how often. A family history of syncope or sudden death is important. This may require careful questioning. For example, death by drowning or due to an automobile accident could have been related to syncope. Life style and occupational issues are significant, since syncope in certain occupations carries much higher risk to the patient and to others. Physical examination Measure the supine BP and take another reading immediately upon standing, and after the patient has been standing motionless for 3-5 minutes. Compare the BP in both arms Listen for carotid bruits Perform a careful cardiac examination. Electrocardiogram Observe for rhythm and conduction abnormalities, evidence of ventricular hypertrophy and previous myocardial infarction. See if the QT interval is long or short. Look for evidence of preexcitation, Brugada syndrome, and abnormalities that might suggest hypertrophic cardiomyopathy or arrhythmogenic right ventricular dysplasia. QT dispersion has been used for risk stratification. One measures the longest and shortest QT intervals in a 12 lead electrocardiogram. The difference of 40 ms. or more suggests susceptibility to ventricular arrhythmias. Echocardiogram The echocardiogram is used to measure left ventricular ejection fraction. It will detect valvular disorders, hypertrophic cardiomyopathy and wall motion abnormalities. It may demonstrate a cardiac tumor or a right ventricular abnormality. Pulmonary artery pressure should be measured. Carotid sinus massage 1. Listen for a bruit 2. Monitor ECG and BP 3. Locate carotid bulb (midway between angle of mandible and upper border of thyroid cartilage along anterior border of sternomastoid) 4. Do the right side first. Initially, just apply gentle pressure to see if this evokes symptoms. Then massage for up to 5 seconds Positive response: fall of BP ≥ 50 mm or pause ≥ 3 seconds Monitoring techniques These devices can detect arrhythmias, ischemia, or changes in the QT interval. They are of most help if the patient has an event during the period of recording.
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Holter monitoring This is a device that records the electrocardiogram continuously for 24-48 hours. It usually fails to detect an event, unless the episodes are very frequent. It can be used to determine heart rate variability, which is a measure of autonomic dysfunction. Telemetry is used in the hospital setting. The external loop recorder is a device that can be worn for weeks. It will automatically detect some arrhythmias, and can also be triggered by the patient. Since it has a memory, the patient can activate it after the event (e.g. syncope) and the arrhythmia will still be recorded. Implantable loop recorders are small devices that are implanted subcutaneously. Like external loop recorders, they can detect arrhythmias and can be interrogated later by the physician. They can be used for years in this way.



Recording from implantable loop recorder



Tilt table testing Several protocols are in use. The patient is elevated from a supine position to a 70 ° angle. This position is maintained for 30-45 minutes. Sometimes pharmacologic augmentation is added. Blood pressure, symptoms and cardiac rhythm are monitored. The details of the protocols are given in the reference by Tan and Parry below. Exercise stress testing This can be used to provoke ischemic changes or ventricular arrhythmias. Exercise-induced PVC’s are not a useful finding in apparently normal individuals unless associated with ischemia or sustained VT. Exercise is also used to detect catecholaminergic VT. With special equipment, T wave alternans may be found during exercise testing. This is also a measure of risk of ventricular tachycardia. Signal-averaged ECG This is a means of detecting late QRS potentials that can indicate susceptibility to ventricular arrhythmias. Electrophysiologic testing This is an invasive study, done under sterile conditions in a laboratory equipped with a defibrillator and other resuscitation equipment and drugs. The operator can perform numerous measurements and provocative tests that would be impossible or unsafe in another environment. One or more special catheters are introduced into the heart. The following are among the capabilities of this procedure: Detection of sinus node disease
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Cardiac conduction system abnormalities can be studied to determine the level of block. Susceptibility to ventricular and other arrhythmias can be investigated. The efficacy of drugs can be tested during the procedure. Many arrhythmias can be abolished, by ablating a re-entrant pathway. If negative, electrophysiologic testing does not completely exclude an arrhythmic cause of syncope. Even after thorough investigation, the cause may remain unknown in many patients. If the patient has evidence of sick sinus syndrome or bifascicular block, a pacemaker can be implanted empirically. If he has a reduced ejection fraction (≤ 35%) an implantable defibrillator is reasonable. Treatment Neurocardiogenic syncope Avoidance behavior Orthostatic hypotension Withdraw offending drugs, such as ACE inhibitors, calcium channel blockers, nitrites and diuretics. Instruct the patient in recognition of onset of syncope and methods to abort it, such as isometric muscle contraction (handgrip, crossing and tensing the legs), and sitting or lying down. Drug therapy Beta blockers (controversial) Selective serotonin reuptake inhibitors (controversial) Fludrocortisone is often effective (expands blood volume). Monitor potassium. Midodrine 5-10 mg tid is effective. It is a short-acting alpha-agonist. Patients should not lie down while taking it, to avoid supine hypertension. Pacing – probably no benefit High fluid and salt intake Support garment (thigh or waist high with pressure gradient of 30-40 mm) Ventricular arrhythmias Implantable defibrillator, sometimes beta blockers, sometimes ablation Atrial arrhythmias, pre-excitation Ablation is often possible for pre-excitation., supraventricular tachycardia, and atrial flutter. It is more difficult effective in atrial fibrillation, but the techniques have been improving steadily in recent years. Obstructive diseases Surgery or alcohol ablation of part of the septum can alleviate the obstruction in hypertrophic obstructive cardiomyopathy, but does not reduce the potential for arrhythmias. Often an implantable defibrillator is required. Aortic valve replacement is the treatment for aortic stenosis.
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Familial arrhythmic syndromes Beta blockers can often help in type 1 long QT syndrome. Other long QT genotypes and many other channelopathies generally require defibrillators, at least in selected patients. Investigate other family members Evaluation in the emergency department A risk score such as the one below can help decide which patients with syncope should be admitted to the hospital: One point is allotted for each of the following: 1. Age > 65 2. History of cardiovascular disease 3. Absence of a prodrome 4. Abnormal ECG 12 month mortality correlates with the score as follows: 0 points – 0% 1 point – 0.8% 2 points – 19.6% 3 points – 34.7% 4 points – 57.1% Automatic external defibrillators (AED’s) These devices have been shown to be effective in managing out of hospital cardiac arrest, even in the hands of untrained laymen. They should be kept in a variety of public places, including high schools, sporting arenas and other public places. It is essential that key personnel be trained and retrained in their use. In particular they should be located in areas that can expect an arrest every 5 years, sites where there are highrisk people, and locations that cannot provide a rapid EMS response. They be periodically inspected and maintained so that they are always ready for use. Driving and syncope Patients with controlled neurocardiogenic syncope can drive. Those with syncope due to bradyarrhythmia can drive if a pacemaker is in place. The presence of an implanted defibrillator is a problem if the device has delivered shocks to the patient. Most other situations require a syncope-free interval of months. State laws vary. References: Ziegelstein RC, Near-syncope after exercise. JAMA 2004; 292:1221 Grubb BP, Neurocardiogenic syncope.New Engl J Med 2005;352:1004 Guidelines on management of syncope.European Heart Journal 2004;25:2054 Elipidoforos SS et al, Incidence and prognosis of syncope. New Engl J Med 2002; 347:878 Wellens HJJ, Ventricular tachycardia: diagnosis of broad QRS complex tachycardia. Heart 2001; 86:579585 Brugada P, Brugada J, Mont L et al. A new approach to the differential diagnosis of a regular tachycardia with a wide QRS complex. Circulation 1991;83:1649-59 Scully et al, Case Record of the Massachusetts General Hospital. New Engl J Med 2000;242:1979-1987 AHA/ACC Guidelines for Management of Patients with Supraventricular Arrhythmias – Executive Summary, Circulation. 2003;108:1871-1909. 8



Maron BJ. Sudden death in young athletes. New Engl J Med 2003;349:1064-1075 Liu BA, Juurlink DN. Drugs that prolong the QT interval. New Engl J Med 2004;351:1053-1056 Srivasthan K et al. Ventricular tachycardia in the absence of structural heart disease. Indian Pacing and Electrophysiology J. Available on line at www.ipej.org Zipes DP et al. ACC/AHA/ESC 2006 Guidelines for Management of Patients With Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death A Report of the American College of Cardiology/American Heart Association Task Force and the European Society of Cardiology Committee for Practice Guidelines (Writing Committee to Develop Guidelines for Management of Patients With Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death). J Am Coll Cardiol. 2006 Sep 5;48 (5):e247-e346 Colivicchi F et al. Development and prospective validation of a risk score for patients with syncope in the emergency department. Eur Heart J 2003; 24:811-819 Maw Pin Tan and Parry SW. Vasovagal syncope in the older patient. JACC 2008; 51:599-606 Wilde AAM et al. Left cardiac sympathetic denervation for catecholaminergic polymorphic ventricular tachycardia. New Eng J Med 2008; 358:2024-2029. Cesario DA and Dee GW. Implantable cardioverter-defibrillator therapy in clinical practice. JACC 2006; 47:1507-1517. Epstein AE et al. ACC/AHA/HRS 2008 Guidelines for device-based therapy of cardiac rhythm abnormalities: executive summary. JACC 2008; 51:2085-2105. Drezner JA et al. Effectiveness of emergency response planning for sudden cardiac arrest in United States high schools with automated external defibrillators. Circulation 2009; 120:518-525 Atkins DA. Public access defibrillation: Where does it work? Circulation 2009; 120:461-463 Folke F et al. Location of cardiac arrest in a city center. Strategic placement of automated external defibrillators in public places. Circulation 2009; 120:510-517



9



2008 ACC/AHA/HRS Guidelines for Implantable Cardioverter-Defibrillators Class I ICD therapy is indicated in patients: -Who are survivors of cardiac arrest due to ventricular fibrillation or hemodynamically unstable sustained VT after evaluation-to define the cause of the event and to exclude any completely reversible causes. (LOE: A) -With structural heart disease and spontaneous sustained VT, whether hemodynamically stable or unstable. (LOE: B) -With syncope of undetermined origin with clinically relevant, hemodynamically significant sustained VT or ventricular fibrillation-induced at electrophysiological study. (LOE: B) -With LVEF less than 35% due to prior myocardial infarction who are at least 40 days post-myocardial infarction-and who are in NYHA functional Class II or III. (LOE: A) -With nonischemic dilated cardiomyopathy who have an LVEF less than or equal to 35% and who are in NYHA functional Class II or III. (LOE: B) -With LV dysfunction-due to prior myocardial infarction who are at least 40 days post-myocardial infarction, have a-LVEF less tha-30%, and are in NYHA functional Class I. (LOE: A) -With nonsustained VT due to prior myocardial infarction, LVEF less tha-40%, and inducible ventricular fibrillation or sustained VT at electrophysiological study. (LOE: B) Class IIa ICD implantation is reasonable: -For patients with unexplained syncope, significant LV dysfunction, and nonischemic dilated cardiomyopathy. (LOE: C) -For patients with sustained VT and normal or near normal ventricular function. (LOE: C) -For patients with hypertrophic cardiomyopathy who have 1 or more major† risk factor for SCD. (LOE: C) -For the prevention of SCD in patients with arrhythmogenic right ventricular dysplasia/cardiomyopathy who have 1 or more risk factor for SCD. (LOE: C) -To reduce SCD in patients with long QT syndrome who are experiencing syncope and/or VT while receiving beta blockers. (LOE: B) -For nonhospitalized patients awaiting transplantation. (LOE: C) -For patients with Brugada syndrome who have had syncope. (LOE: C) -For patients with Brugada syndrome who have documented VT that has not resulted in cardiac arrest. (LOE: C) -For patients with catecholaminergic polymorphic VT who have syncope and/or documented sustained VT while receiving beta blockers. (LOE: C) -For patients with cardiac sarcoidosis, giant cell myocarditis, or Chagas disease. (LOE: C)
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Class IIb ICD therapy may be considered in patients with: -Nonischemic heart disease who have a left ventricular ejection fraction of less than or equal to 35% and who are in NYHA functional Class I. (LOE: C) -Long-QT syndrome and risk factors for SCD. (LOE: B) -Syncope and advanced structural heart disease in whom thorough invasive and noninvasive investigations have failed to define a cause. (LOE: C) -A familial cardiomyopathy associated with sudden death. (LOE: C) -LV noncompaction. (LOE: C) Class III ICD therapy is not indicated for patients: -Who do not have a reasonable expectation of survival with a-acceptable functional status for at least 1 year, eve-if they meet ICD implantation criteria specified in the Class I, IIa, and IIb recommendations above. (LOE: C) -With incessant VT or ventricular fibrillation. (LOE: C) -With significant psychiatric illnesses that may be aggravated by device implantation or that may preclude systematic follow-up. (LOE: C) -With NYHA Class IV symptoms and drug-refractory congestive heart failure who are not candidates for cardiac transplantation or implantation of a CRT device that incorporates both pacing and defibrillation capabilities. (LOE: C) -With syncope of undetermined cause without inducible ventricular tachyarrhythmias and without structural heart disease. (LOE: C) -When ventricular fibrillation-or VT is amenable to surgical or catheter ablation (e.g., atrial arrhythmias associated with Wolff-Parkinson-White syndrome, right ventricular or LV outflow tract VT, idiopathic VT, or fascicular VT in the absence of structural heart disease). (LOE: C) -With ventricular tachyarrhythmias due to a completely reversible disorder in the absence of structural heart disease (e.g., electrolyte imbalance, drugs, or trauma). (LOE: B)
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