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Introduction to Arrhythmia Management :
This presentation is an up-to-date overview of cardiac pacing for physicians and clinical staff referring patients for pacemaker therapy. This is just an guidelines purpose and explanation given are in a simplistic form and are not the definitive diagnosis.
Arrhythmia Management :
Patient assessment, Common arrhythmias, Therapy options, Optimal pacing therapy, Pacemaker implant and patient care, Patient questions.
Patient Assessment : Basic indication for pacing, Symptomatic bradycardia.
One of the goals of this program is to help referring physicians understand symptoms that indicate the need for pacing therapy.  The most basic indication for pacing is symptomatic bradycardia.  Thus referring physicians should walk away from this program knowing that any patient presenting with symptomatic bradycardia is a likely pacemaker candidate.
Symptoms of Arrhythmias:  Syncope or presyncope, Dizziness, Fatigue, Shortness of breath, Palpitations, Chest tightening, Neck pulsations, Seizures, Exercise intolerance, Confusion.
Patient Assessment : Patients who present with symptoms indicating a cardiac problem are evaluated, typically by : History, Physical examination, Lifestyle assessment. If an arrhythmia is suspected, a standard 12-lead ECG is ordered or ambulatory monitoring may be required. 
Symptoms of Arrhythmias: Patients with syncope, dizziness, seizures, or confusion, the evaluation may include a neurological exam and electroencephalogram (EEG) to rule out possible neurological causes. Syncope may be caused by cardiovascular conditions other than arrhythmia, such as orthostatic hypotension.
Methods of Arrhythmia Detection and Management : Conventional 12-lead ECG is used to diagnose arrhythmias. Continues ECG recording--Holter Monitoring--is used to document transient arrhythmias. Graded treadmill test records the patient’s ECG during exertion.  Exertion may induce the patient’s arrhythmia; thus it can be documented. Intracardiac electrophysiology (EP) studies may be performed to induce and assess  arrhythmias, especially tachyarrhythmias. Pacing therapy is used to treat sinus node dysfunction, AV block, and neurocardiogenic syncope. The other indications listed in the slide--hypertrophic obstructive cadiomyopathy (HOCM), tachycardia, after heart transplant. And now  describing the  conduction system and conduction disturbances.
The Normal Heart and its Electrical System :  The heart generates electrical impulses that travel along the conduction pathways, resulting in a wave of depolarization and sequential contraction of the cardiac chambers, making it possible for the heart to pump blood. Impulses are generated at the SA node. A depolarization wave passes through the right and left atria causing the atria to contract. While the atria are contracting, the impulse proceeds to the AV node, which is the only normal conduction pathway between the atria and ventricles.  The AV node delays the signal long enough to allow ventricular filling. Below the AV node, the impulse passes through the bundle of His, right and left bundle branches, and Purkinje fibers, resulting in a depolarization wave and contraction of the ventricles. The AV node, bundle of His, right and left bundle branches, and Purkinje fibers are sites of various AV blocks.
Normal Sinus Rhythm : The SA node discharges are a rate that varies in response to demand for cardiac output. Each impulse conducts normally from the sinus node to ventricular conduction system. When the heart rate and rhythm are normal, the patient is asymptomatic if the pumping function of the heart is adequate. On the ECG: P-wave represents depolarization of the atria. QRS complex is depolarization of the ventricles. T-wave is repolarization of the ventricles. (Atrial repolarization occurs during the QRS complex.) Conduction time through the AV node accounts for most of the duration of the PR interval.
Atrial Arrhythmias : Any of the atrial arrhythmias listed in this may indicate the need for pacing therapy. Sinus node dysfunction (sick sinus syndrome) is dysfunction of the SA node that affects impulse formation and/or conduction. It includes a  variety of problems including sinus bradycardia, sinus arrest, sinus pause (SA exit block), brady-tachy syndrome, and chronotropic incompetence, Atrial flutter, Atrial fibrillation. Each of the atrial arrhythmias listed in this are described in more detail in the next.
Note in particular the symptoms for each condition.   Referring physicians should be made aware of these symptoms, since they may indicate the need for pacing therapy.   Note that these symptoms are often transient and may not be apparent upon examination. Include clinical experience, anecdotes, and cases to better teach about the various arrhythmias--make it more relevant and interesting to participants.
Sinus bradycardia:  Heart rate is consistently less than 60 bpm, and the patient is symptomatic. Common symptoms:  dizziness, fatigue, dyspnea, palpitations, confusion.
Sinus arrest:  Transient lack of impulses from the SA node, followed by periods of ventricular asystole or very low ventricular rates. There is no relationship between the SA pauses and the basic cycle length. In diagnosing and prescribing therapy, the length of the pauses are not as important as the severity of the patient symptoms. Common symptoms:  syncope, dizziness, fatigue, dyspnea, palpitations, confusion.
Sinus bradycardia with sinus pause:  Patient exhibits a heart rate consistently less than 60 bpm and transient sinoatrial block. Common symptoms:  syncope, dizziness, fatigue, dyspnea, palpitations, seizures, confusion.
Brady-tachy:  Intermittent episodes of slow (< 60 bpm) and fast (> 100 bpm) rates from the SA node or atria during periods of low or moderate exertion. Common symptoms:  syncope, dizziness, dyspnea, palpitations, tightness in chest, seizures, exercise intolerance, confusion, fatigue.
Atrial flutter:  Transient or persistent fast atrial rate (250-350 bpm) with a controlled ventricular response. Common symptoms:  syncope, dizziness, dyspnea, palpitations, seizures, congestive heart failure.
Atrial fibrillation:  Transient or persistent fast atrial rate greater than 350 bpm and a ventricular rate that is usually irregular. Common symptoms:  syncope, dizziness, dyspnea, palpitations, seizures, congestive heart failure.
Chronotropic incompetence:  Patient’s heart rate responds inappropriately to changes in activity, emotions, or drugs.  
AV block:  A block in AV conduction may occur in the AV node, bundle of His, right or left bundle branches, or Purkinje fibers. The types of AV block are listed below in described in more detail.
First degree block:  AV conduction is delayed, but no impulses from the atria are blocked en route to the ventricles. PR interval > 200 ms in resting adult patients. Patients are usually asymptomatic, so a pacemaker is rarely indicated.  However,  if there is evidence of AV node degeneration, pacing may be required in the future should higher level block develop.
Second degree AV block: Intermittent failure of atrial depolarizations to reach the ventricle. Two types--Type I and II. Type I also called Mobitz Type I or Wenckebach. Progressive prolongation of conduction (PR interval) until a ventricular beat is dropped (no QRS complex). AV node is the most common site of Type I block. Common symptoms :  dizziness, confusion, exercise intolerance, palpitations.
Type II or Mobitz II:  AV block that results in consistently dropped ventricular beats. 2:1 block--every other ventricular beat is dropped; 3:1 block--every third ventricular beat is dropped; 4:1 block, etc. The His bundle is the most common site of Type II block. Common symptoms:  syncope, dizziness, dyspnea, palpitations. This is unstable conduction, so a pacemaker may be indicated, even when the patient is asymptomatic.
Third degree (complete) AV block: No impulses are conducted from the atria to ventricles. An independent site (ectopic foci) in the conduction system (e.g., His bundle or Purkinje fibers) usually takes over to maintain a ventricular rate of 20-40 bpm. May be an acquired , iatrogenic, or congenital condition. Almost always requires a pacemaker. Common symptoms:  syncope, dizziness, dyspnea, fatigue, palpitations, exercise intolerance.
Bifascicular block :  Bifascicular block is any of the following: Left bundle branch block and left anterior hemiblock. Left bundle branch block and left posterior hemiblock. Complete right bundle branch block. Bifascicular block is marked by prolonged QRS (>120 ms).
Syncope : Syncope (fainting) is temporary loss of consciousness or dizziness due to a transient disturbance of cardiac rhythm (arrhythmia), cardiac conduction (heart block), or neurovascular tone. When a patient presents with syncope, referring physicians should be aware that a cardiac condition may be the problem.
Neurocardiogenic Syncope : The two most common manifestations of neurocardiogenic syncope are : Hypersensitive carotid sinus syndrome (CSS), Vasovagal syncope (VVS) While the role of pacing in CSS is fairly well established, the role of pacing in VVS is subject to more debate.
CSS is characterized by an extreme reflex response to carotid sinus stimulation.
Types of CSS :  There are three types of CSS : Cardioinhibitory CSS is characterized by bradycardia, PR interval prolongation, or AV block. Vasodepressor CSS is a symptomatic decrease in systolic blood pressure due to vasodilatation. Mixed CSS has components of both cardioinhibitory and vasodepressor CSS. In cardioinhibitory and mixed CSS, symptoms may be significantly reduced with pacing.

Vasovagal Syncope (VVS) : VVS is a neurally mediated transient loss of consciousness that can be triggered by prolonged standing, fear, physical pain or anticipation of pain, mental anguish, or trauma. The most common symptoms are dizziness, blurred vision, weakness, nausea, sweating, and abdominal discomfort. Pacing may be indicated in some VVS cases.  For example: VVS results in significant bradycardia reproducible by a head-up tilt table test. Recurrent syncope, lightheadedness, dizziness with a cardioinhibitory  response. Situational VVS in which avoidance behavior is effective.
Summary of Pacemaker Indications :  Symptomatic bradycardia due to : Sinus node dysfunction (sick sinus syndrome), AV block:  Type II, complete, bifascicular, trifascicular ,CSS and VVS.
Therapies : The therapies prescribed for cardiac arrhythmias and conduction disturbances include : Drug therapy, Pacing therapy, Implantable defibrillation, Surgical ablation, Each of these therapies is described briefly in the next pages.
Considerations:  Drug Therapy : Historically, drugs have been used in attempts to treat symptomatic heart block.  Most of these are sympathomimetic agents (e.g, isoprenaline, isoproterenol, epinephrine, ephedrine, atropine, adrenaline), which mimic the effects of the sympathetic nervous system and act according  to the adrenergic receptors involved. The intended effect of these drugs is to increase the idioventricular heart rate and contractility and to reduce peripheral vascular resistance and in turn alleviate symptoms, such as syncope and Stokes-Adams attacks, and to extend survival. While these drugs may be helpful and even life saving in emergency or temporary applications, they are generally not recommended for long term treatment of heart block.
Drug Therapy vs Pacing: Serious side effects and compliance issues must be considered when prescribing long-term medication.  Compared to drug therapy, pacing avoids the problems associated with compliance.   In addition, there are no sides effects to manage and tolerance is not a problem. The cost of long-term therapy is also a consideration.  Although pacing has a higher up front cost, the long term cost of the therapy may be less than drug therapy when considering the commutative cost of drug therapy, including the costs associated with poor patient compliance (e.g., emergency and clinic visits).  Also, additional therapy may be required to treat sequelae, adverse outcomes, side effects, and/or conditions not effectively treated by the original drug therapy.
Paced vs. Non paced :   Numerous studies comparing survival of paced versus nonpaced heart block patients show that the paced patients have significantly greater survival. For heart block patients, one-year mortality rates of 50-60% are reported compared to about 10%  for heart block patients who receive pacing therapy.
Implantable Defibrillator : Implantable defibrillator or implantable cardioverter-defibrillator (ICD):   The generic term for permanent implantable devices designed to detect spontaneous ventricular tachycardia or ventricular fibrillation and to terminate the arrhythmia by the delivery of a high voltage current (shocks).  Modern ICDs also have antitachycardia and brady pacing therapies.
Catheter or Surgical Ablation : Ablation :  The removal or destruction of tissue in order to terminate arrhythmias by eradicating the tachycardia site of origin or by interrupting the arrhythmogenic circuit. Methods of ablation:  surgical, catheter, cauterization, cryosurgery, diathermy.
Clinical Goals:  Optimal Pacing Therapy : Restore rate and conduction to : Provide relief of symptoms, Restore functional capacity and quality of life, Reduce patient mortality.
Pacing Support of Therapeutic Goals : Cardiac Output = Heart Rate x Stroke Volume, Ensure heart rate reserves, through rate responsive pacing. Adjusting Heart Rate to Activity.
Pacing Support of Therapeutic Goals : Atrial-based pacing refers to modes that incorporate atrial pacing and sensing (e.g., AAI/R, DDD/R). Atrial-based pacing preserves AV synchrony and atrial electrical stability, which appears to be a critical determinant of improved patient outcomes, especially among sinus node dysfunction patients. Atrial-based pacing is associated with a lower incidence of : chronic atrial fibrillation, embolization, stroke, congestive heart failure, and mortality. Atrial-based pacing also prevents pacemaker syndrome.
The Benefits of Cardiac Pacing :  Optimal Pacing Therapy, Ensure Heart Rate Reserves, Preserve/Restore AV Synchrony, Improve CO and Functional Capacity, Symptomatic Relief and  Quality of  Life.
Pacing Modality Code :  Code Positions : 
I  =  Chamber(s) paced, II   =  Chamber(s) sensed,  III  =  Response to sensed events, IV  =  Programmability features,  V = Antitachyarrhythmia functions. Pacing devices and modes are described by the NBG code.  NBG stands for NASPE and British Pacing and Electrophysiology Groups.  The NBG code is comprised of five letters. 1st position Chamber(s) paced.  A is for atrium, V is for ventricle, and D is for dual chamber. 2nd position Chamber(s) sensed.  A is for atrium, V is for ventricle, and D is for dual chamber. 3rd position Response to sensed events.  T is for triggered, I is for inhibited, and  D is for atrial-triggered, ventricular-inhibited pacing. 4th position Programmability features.  Usually only R for rate response is used. 5th position Antitachyarrhythmia functions.  This designation is rarely used. Definitions :  V = Ventricle,  C = Communication, A = Atrium, P = Pacing,  D = Atrium and Ventricle (Dual), S = Shock,  O = None,  T =  Trigger Pacing ,  I = Inhibit Pacing,  R = Rate Responsive ,  M = Multiprogrammable.




Pacing Modes:  Examples :  AAI    =  atrial demand pacing pacing, VOO  =  ventricular fixed rate (asynchronous) pacing, VVIR =  ventricular demand pacing with rate response, DDD  =  dual chamber demand pacing.
Mode Selection : In very general terms : AAI is used for patients with sinus bradycardia and intact AV conduction. DDD or VDD pacing is preferred for patients with normal sinus activity and AV block. DDIR usually provides the best therapy for patients with brady-tachy syndrome. VVI is reserved for patients who have persistent atrial fibrillation or a nonresponsive atrium. Rate response is for patients who are chronotropically incompetent.
Pacemaker Implant : Pacemaker implantation is performed in an operating room equipped with fluoroscopy.  (It may also be performed in a cardiac cath or EP lab under sterile conditions.) Procedure includes a relatively simple surgery that requires general surgical skill. Most patients require only local anesthesia. The procedure is in general short (1 to 2 hours). Most patients require only a brief hospital stay (1 to 3 days).
Pacing System : The pacing system includes an implantable pulse generator (IPG), lead, and programmer. The IPG is the battery source and programmable electrical impulse generator.  The IPG can be programmed noninvasively using radiofrequency signals from an external programmer. Connected to the IPG is the lead, which is a small cable with an electrode.  The lead delivers electrical stimulation to the myocardium and senses electrical signals generated by the heart.
Pacing Lead :  The lead lodges passively in the trabeculae with tines or actively into the myocardium using a screw-in mechanism. Screw-In Tip, CapSure™ Tip, Target Tip.
Single Chamber Implant : The pulse generator is usually implanted in the left pectoral region, particularly in right-handed patients.  Right-sided implants are possible, if desired. Single chamber pacemakers have one lead implanted in the atrium or ventricle.  Dual chamber pacemakers have two leads--one implanted in the atrium and the other in the ventricle. The choice of a single chamber or dual chamber pacemaker depends on the patient’s indications.  
Pacemaker Implant Procedure :  Venous access, Lead insertion and testing, Pocket formation and IPG implant.
Venous Access : Venous access is through the subclavian, cephalic, or jugular vein using venipuncture or a cutdown procedure.  The subclavian or cephalic vein is used most often.  The jugular is reserved for cases of anatomic deformity or other considerations.
Lead Insertion : Once the vein is accessed the lead is inserted, For single chamber systems, the ventricular or atrial lead is implanted, For dual chamber systems, the ventricular lead is usually implanted first, followed by the atrial lead. Fluoroscopy is used to view lead placement.  In general, the leads pass through the venous system with ease.  Some manipulation is typically required to move the tip (1) across the bicuspid valve and/or (2) position the tip in the atrium.
Ventricular Lead Placement : Fluoro image of proper ventricular lead placement.  Typically the lead is advanced as far as possible in the ventricular apex, being careful to avoid perforating the myocardium.
Atrial Lead Placement : Fluro image of proper atrial lead placement. The atrial lead is typically positioned in the atrial appendage. Once the lead is placed, electrical testing is essential.  
Lead & Position Testing : Sensing and pacing measurements are taken to verify proper positioning. Once the lead(s) are positioned correctly and tested, they are anchored to the tissue at the pocket site.  Enough slack is left in the lead to accommodate body movement.  Then the lead is checked for stability.
IPG Implant : The pulse generator pocket is made deep in the fascia above the pectoral muscle.  The pocket should be carefully sized so it is large enough to prevent erosion and small enough to prevent migration. Routine techniques are used to suture and dress the incision.  No special post-operative orders are required.
Patient Follow-up : First follow-up:  2 weeks to 90 days post-implant, The follow-up schedule is determined by the physician.  More aggressive follow-up is reserved for patients who are pacemaker dependent or have devices with known potential problems, so that these problems can be avoided.
Routine Follow-up : In all follow-up situations, routine data is collected about cardiac and pacemaker performance.  The most useful tools are the ECG and pacing system programmer. For routine follow-up : Verify the pacing system programmed parameters by interrogating the implanted device. Obtain an ECG strip with Marker Channel. Evaluate the patient’s underlying rhythm, disease progression, and pacemaker dependency. Verify sensing, capture, and safety margins. Record lead impedance and battery voltage with telemetry. Although protocols differ, these recommendations help ensure safe and effective pacing therapy.
Patient’s Common Questions : This are the common listed questions patients may ask.  As a suggestion.

 “What will it feel like?” Once the pacemaker is implanted and the patient has gotten used to it, he or she will likely be unaware of the pacemaker (except to experience its benefits).
“How much does it hurt?” During the surgery, the patient shouldn’t experience any pain.  After the surgery there may be some discomfort until the wound heals.
“Can I still exercise?” Yes, most likely (though this depends on the type of pacemaker implanted).
“Do I have to have surgery?  Tell me about it.” Yes--a safe and relatively short procedure.  Discuss with the patient:  (1) anesthesia used in your hospital, (2) location of the implanted components, (3) hospital stay, and (4) restrictions after surgery, if any. 
“How many days do I have to stay in the hospital?” Sometimes surgery is performed on an out-patient basis, but more likely 2-3 days.
“How long does a pacemaker last?” Depends on the pacemaker--4 to 12 years.  Provide longevity estimate for specific device.
“How safe is pacemaker therapy?” Pacing is a proven therapy with no side effects.  Essentially the only risk is the surgical risk.
“How common is pacemaker therapy” Millions of people worldwide have pacemakers.
“Why can’t you treat me with  medications?” Medications may help short term, temporarily, or in acute situations, but not long term.  Survival and quality of life are better with pacing therapy.
“How much does a pacemaker cost?”  Variable, depending on the model.
“How often should I get the pacemaker checked?” The physician determines the follow-up schedule.  Typically:  one month after implant and then yearly thereafter.
Arrhythmia Management 

Gabriel Kaitan Fernandes


