Mission Statement for Resident Education in Clinical Cardiac Electrophysiology

The Electrophysiology Fellowship Training Program at the University of Rochester is an integral component of an accredited subspecialty fellowship in cardiovascular disease at the University of Rochester. The program seeks to train physicians trained in internal medicine and cardiovascular disease to become independent and fully competent in all aspects of invasive as well as non-invasive electrophysiology. The training is comprised of a two-year program with emphasis on clinical and interventional skills, along with a focus on clinical electrophysiology research. 

	A. Patient Care


	Learning Objective


	Where the Fellows Learn Skill
	How We Assess Skill and Ability



	Develop ability to make an accurate scientifically based diagnoses and proper selection of patients for EP procedures and/or medical therapy


	Daily bedside work rounds, Outpatient clinic, Wednesday conferences

	Faculty and Peer evaluations, Written and oral


	Safely and accurately perform noninvasive and invasive electrophysiologic testing and ablation treatment procedures
	Electrophysiology laboratory


	Faculty evaluations –daily verbal


	Develop safe and successful implantation, troubleshooting, and follow up skills for implantable devices
	Electrophysiology device implant laboratory and outpatient device clinic. Lectures, Textbooks, and Observing faculty
	Faculty evaluations, Nurse Practitioner evaluations and Peer evaluations- daily verbal feedback

	B. Medical Knowledge


	Learning Objective


	Where the Fellows Learn It


	How We Assess Skill and Ability



	Demonstrate working knowledge of normal cardiac Electrophysiology and presentations and noninvasive evaluation of common and uncommon arrhythmias
	Review of consults and admissions with faculty, conference presentations of patients and topics, textbooks

	Faculty and Peer evaluations 



	Demonstrate an understanding of the anatomy, normal and abnormal physiology pertaining to procedural skills for electrophysiologic techniques, the interpretation of electrocardiogram recordings and the basis and techniques for successful interventions.
	Textbooks, current and past medical literature, Electrophysiology laboratory, discussion with faculty during and after procedures, preparation and attendance at conferences discussing patients and topics. Pathology
	Faculty and Peer evaluations

	Demonstrate proper skills for safe and successful patient care for implantation of devices (pacemaker, ICD, cardiac resynchronization) with an appreciation of the anatomic and physiologic basis for these techniques.

Demonstrate a working knowledge of the skills involved in follow up of implantable devices and their troubleshooting.
	Textbook, literature review, discussion with faculty during and after cases, conferences, presentations regarding patients and topics. 
	Faculty and Peer evaluations, Quality improvement conference and review

	C. Interpersonal and Communication Skills


	Learning Objective


	Where the Fellows Learn It


	How We Assess Skill and Ability



	Communicate effectively with faculty, allied health professions, patients and their families: Develop the ability to explain the importance and appropriateness of procedures to physicians or regulators outside of the specialty
Scholarly communication, bad news-etc. 

Present cases to attendings, peers


	Discussion during and after individual cases with faculty and peers, discussion of patients and topics in conference situations


	Continuous faculty interaction and evaluation of fellow and 360 evaluations



	D. Professionalism-


	Learning Objective


	Where the Fellows Learn It


	How We Assess Skill and Ability



	Treat other physicians, all allied health professionals, patients and their families with respect and consideration


	Observation of faculty interactions and daily interaction by the fellows with patients and their families and other health professionals


	Faculty, Peer and Nursing end of rotation evaluations



	E. Practice-Based Learning and Improvement


	Learning Objective 
	Where the Fellows Learn It
	How We Assess Skill and Ability



	Use Information technology, medical literature and guidelines, conference review of complications and other quality improvement material to integrate new information into the care of particular patients arrhythmia problems
	Attendance at national and other meetings, literature search and literature review, discussion with faculty and peers about trails and literature, Quality improvement conferences
	Faculty review of ability to incorporate new information into practice



	F. Systems-Based Practice


	Learning Objective


	Where the Fellows Learn It


	How We Assess Skill and Ability



	Develop skills and knowledge related to efficient and accurate computer based and other medical records for consultations and procedure reports
	Peer and Faculty, ancillary support interactions and consultation as needed


	Review of medical record documents by faculty



	Develop an understanding and practice of cost efficient arrhythmia care 
	Discussions with faculty regarding equipment, procedure, hospital and outpatient costs regarding the care of patients
	Faculty discussion with fellows regarding costs and cost effectiveness related issues

	Develop an understanding of the interaction of the arrhythmia consultant and electrophysiologist with other hospitals, services, and laboratories to improve efficient and safe care of patients
	Interactions with faculty and peers
	Faculty and Peer review of fellows


Program Requirements for Residency Education in Clinical Cardiac Electrophysiology

· I.    Education Program
· II.   Clinical Faculty
· III.  Facilities and Resources
· IV. Specific Program Content
· V.  Research Opportunity
I. Educational Program

A. During training in CLINICAL CARDIAC ELECTROPHYSIOLOGY, the resident’s clinical experience will include opportunities to observe, diagnose, manage, and judge the effectiveness of treatment for inpatients and outpatients with palpitations, syncope, and bradyarrhythmias as well as both supraventricular and ventricular tachyarrhythmias.  The resident will be given opportunities to assume continuing and increasing responsibility for both acutely and chronically ill patients to learn the natural history of a wide variety of cardiac arrhythmias and how to treat them.

B. The CLINICAL CARDIAC ELECTROPHYSIOLOGY program is 2 years in length, following completion of an accredited cardiovascular disease residency program.

II. Clinical Faculty

All faculty members in the training program are either board certified or eligible in Cardiovascular Disease and Clinical Cardiac Electrophysiology by the American Board of Internal Medicine. Currently there are four full time CLINICAL CARDIAC ELECTROPHYSIOLOGY faculty members, including the program director. A ratio of full time faculty to residents of at least 1:1 will be maintained.

III. Facilities and Resources

A. There are 2 state-of-the-art clinical cardiac electrophysiologic laboratories for invasive intracardiac electrophysiologic studies and catheter ablation. Both electrophysiology laboratories contain cardiac fluoroscopic equipment, programmable stimulator, recording devices, and resuscitative equipment.  

B. Laboratories that provide noninvasive diagnostic and therapeutic techniques are detailed below.

C. Outpatient clinical care mainly consists of participation in faculty clinics. An outpatient follow-up program to care for patients with pacemakers and implantable cardioverters/defibrillators (ICDs) also exist through faculty device clinics.

D. Inpatient clinical care units include cardiac care units (CCUs), cardiac surgical intensive care units. An academic cardiac surgery program is present at the primary training site. 

IV. Specific Program Content

G. Clinical Experience

1. Residents will acquire clinical experiences with the required procedures and skills, which includes the knowledge of their indications, contraindications, risks, and limitations.  Residents will be instructed in the sensitivity, specificity, and the positive and negative predictive accuracy of any test employed.  They must be instructed in the appropriate techniques for evaluating patients with 

a. a variety of rhythm disorders, including but not limited to

(1) sinus node dysfunction

(2) atrioventricular (AV) and intraventricular block

(3) supraventricular and ventricular tachyarrhythmias

b. clinical conditions such as

(1) unexplained syncope

(2) aborted sudden cardiac death

(3) palpitations

(4) Wolff-Parkinson-White (WPW) syndrome

(5) Long QT syndrome

(6) Right Ventricular Dysplasia

(7) Brugada Syndrome

c. conditions that make them candidates for non-pharmacological therapy such as ablation, surgery, and device (pacemaker or ICD) implantation.

2. Clinical experiences involving

a. consultation to physicians in other disciplines

b. care of patients in the cardiac care unit, emergency room, or other intensive care settings

c. care of the patient before and after an electrophysiologic procedure

d. care of patients with postoperative arrhythmias

e. outpatient follow-up of patients treated with drugs, devices, or surgery

f. electrocardiography-proficency in the interpretation of the standard 12-lead ECG stress testing. Ambulatory ECG recording, signal-averaged ECG, and telephone-transmitted ECGs

g. care of patients with temporary and permanent pacemakers

h. care of patients with ICDs

H. Technical and Other Skills

(1) The residents in the training program will have the opportunity to acquire a broad knowledge base of cardiac electrophysiology. There is opportunity to develop a high level of performance in such areas as interpretation of results of noninvasive testing relevant to arrhythmia diagnoses and treatment, performance and interpretation of invasive electrophysiologic testing, performing therapeutic catheter ablation procedures, and performing or assisting in the implantation of cardioverter/defibrillators and pacemakers.

(2) The program ensures that residents have the necessary opportunities to acquire skill in the interpretation of

a. activation sequence mapping recordings

b. invasive intracardiac electrophysiologic studies, including endocardial electrogram recording

c. relevant imaging studies, including chest radiography

d. tilt testing

e. electrocardiograms and ambulatory ECG recordings

f. continuous in-hospital ECG recording

g. signal-averaged ECG recordings

h. stress test ECG recordings

i. trans-telephonic ECG readings

3. The program ensures that residents have the necessary opportunities to acquire skill in the performance of clinical cardiac electrophysiologic studies.

a. The resident will perform at least three electrophysiology invasive diagnostic/interventional catheter procedures per week as a primary operator as an assistant closely involved with data collection and analysis.

b. A minimum of 150 intracardiac procedures in at least 75 patients is required.

4. The program director of the clinical cardiac electrophysiology training program will ensure the competency of the resident in the following:

a. Electrode catheter introduction

b. Electrode catheter positioning in atria, ventricles, coronary sinus, His bundle area, and pulmonary artery as required 

c. Advanced, though not required, skills in trans-septal catheterization, intra-cardiac ultrasound, non-fluoroscopic three-dimensional mapping

d. Stimulating techniques, including an understanding of amplifiers, filters, and signal processors

e. Recording techniques, including an understanding of amplifiers, filters, and signal processors

f. Measurement and interpretation of data.

5. A minimum of 75 catheter ablative procedures, including post diagnostic testing, is required for each resident prior to completion of training.  These cases include a mix of AV nodal reentrant tachycardia and accessory pathway modification, atrial tachycardia and atrial flutter, atrial fibrillation, AV junction ablation and modification and ventricular tachycardia ablation.

6.Participation in a minimum of 25 initial implantable cardioverter/defibrillator procedures, including pacemaker and ICD programming, is required for each resident.  The program will assure that the residents acquire skill in the following

a. Device programming

b. Noninvasive programmed stimulation for arrhythmia induction through the device

c. Defibrillation threshold testing

d. Final prescription of anti-tachycardia pacing and defibrillation therapies.

I. Formal Instruction

The program provides instruction in the following required areas:

1. basic cardiac electrophysiology, including but not limited to genesis of arrhythmias, normal and abnormal electrophysiologic responses, autonomic influences, and effects of ischemia, drugs, and other interventions.

2. clinical cardiac electrophysiology.

3. arrhythmia control device management

4. the genetic basis of pathological arrhythmias.

5. epidemiology of arrhythmias.

6. clinical trials of arrhythmia management and their impact on clinical practice.

Additional topics are covered, though not limited, via didactic and journal club session as listed:

1. Cardiac Preexcitation Syndromes

Electrophysiology of Accessory Pathways

Preexcitation index

Effect of ipsilateral and contralateral bundle branch block

Effect of ipsilateral and contralateral bundle branch block on preexcitation 
index 

Decremental and nondecremental pathways

Differentiation of retrograde conduction via pathway versus AV node

Role of differential atrial pacing and of differential ventricular pacing to enhance conduction over accessory pathway as opposed to AV node

Preexcitation of atrium when His bundle refractory to prove retrograde accessory pathway participation in tachycardia circuit

Recognition of  multiple accessory pathways using:

ECG in sinus rhythm

Atrial pacing

Ventricular pacing

Preexcited morphology of conducted beats in atrial fibrillation

Risk stratification for sudden death

Arrhythmias associated with Accessory Pathways

Atrioventricular reentrant tachycardias

Antidromic atrioventricular reentrant tachycardias

Atrial Fibrillation

Ventricular fibrillation

Mahaim fibers and atriofascicular fibers:  

ECG recognition based on morphology during SVT

anatomy, 

electrophysiology, 

Arrhythmias:  antidromic AVRT, bystander preexcitation during AVNRT, atrial fibrillation

Ablation using accessory pathway potentials

Preexcitation of ventricle when atrial septal area refractory to prove atriofascicular anatomic nature of pathway

Catheter ablation techniques

Retrograde aortic approach

Transseptal approach

Anterior paraseptal pathways

Coronarly sinus mapping and ablation

Approach to midseptal pathways without damaging AV nodal tissue

Use of long intravascular sheaths

Medical management

Electropharmacologic testing

Association with (other) congenital lesions

Ebstein’s anomaly:  location of AP’s, approach to ablation; multiple AP’s

2. Defibrillation and cardioversion

Epicardial defibrillation:  implantation techniques, testing (intraoperative and 
followup), generator change--lead evaluation, role of chest x-rays, explantation, infection, management of other complications

Transthoracic defibrillation: theory; treatment of cardiac arrest, pitfalls, impedance based defibrillation technique

Endocardial defibrillation: implantation techniques, testing (intraoperative and follow-up), generator change--lead evaluation, role of chest x-rays, explantation, infection, management of other complications; 

3. Noninvasive electrophysiologic testing for device follow-up

4. Cardioversion of atrial fibrillation

Role of anticoagulation

Role of transesophageal echocardiography

Electrical pathways

Patients with pacemakers and defibrillators

Concomitant drug therapy

5. Normal cardiac conduction

Sinus node anatomy and function

Atrioventricular nodal anatomy

Atrioventricular nodal electrophysiology

Atrioventricular nodal conduction studied with mapping (in vivo and in vitro)

Embryologic development of Atrioventricular nodal tissue

6. Atrioventricular nodal reentrant tachycardia

“Evidence for a dual AV nodal transmission system” (Moe)

Dual AV nodal physiology--electrophysiology

Intranodal versus extra or perinodal controversy

In vitro mapping and in vivo mapping studies

Medical treatment 

Surgical ablation

Catheter ablation

“Fast pathway” approach

“Slow pathway” approach

Atypical types of AVNRT

Differential diagnosis and electrophysiologic diagnosis/proof of mechanism

(Ectopic) atrial tachycardias

7. Electrocardiographic recognition and diagnosis of wide complex tachycardia

Ventricular tachycardia

Substrates

Normal heart or idiopathic VT (RVOT, LVOT, LV septal VT, LV Purkinje system)

Coronary artery disease related

Electrophysiologic testing

Electropharmacologic testing

Empiric amiodarone

Role of multicenter randomized trials: completed and ongoing

VT in idiopathic dilated cardiomyopathy

VT in idiopathic hypertrophic cardiomyopathy

Animal models:  mapping

Catheter ablation

Surgical ablation and aneurysmectomy, endocardial resection techniques

Right ventricular dysplasia

Torsades and other polymorphic VT syndromes

Sudden cardiac death

Benign and potentially malignant ventricular ectopic depolarizations, nonsustained ventricular tachycardia

Parasystolic foci

8. Catheter ablation

Indications

Cost effectiveness

See WPW, AVNRT, VT, etc

9. Permanent pacemakers

Sick sinus syndrome

Ventricular versus “physiologic” pacing: possible reduction in stroke incidence

Pacemaker mediated tachycardias

Indications 

Mode switching

Infections

Lead extraction techniques

Subclavian access techniques and anatomical issues

Crosstalk

Evaluation for myopotential inhibition

Rate response: indications, operation, types

Neurocardiogenic syncope

Physiology of reflex response

Tilt table testing

Therapy

10. Carotid sinus hypersensitivity: recognition, indications for pacemaker therapy

Evaluation of syncope

Indications for EP studies, tilt tests, EEG, pacemakers, etc.

Recognition of infra-Hisian conduction disease and indications for pacemakers

Clinical significance of induction of ventricular tachycardia:  monomorphic, polymorphic, number of extra-stimuli, rate of tachycardia, cardiac substrate

11. Atrial fibrillation

Anticoagulation management

Catheter ablation of the His bundle: avoidance of bradycardia and potential for torsades

Drug treatment to restore sinus rhythm:  


Patient selection


Using amiodarone


When to use and when to avoid Class IC, Class IA drugs, sotalol

Rate control:

Digoxin:  limitations, use of levels, recognition of toxicity and management

Calcium blockers including intravenous diltiazem

Beta-blocker therapy

Amiodarone

RF ablation for modification of AV nodal function

Catheter ablation of the His bundle

12. Atrial flutter

Types of flutter

Intracardiac catheter mapping to determine clockwise or counter clockwise nature of reentrant circuit

Entrainment with or without concealed fusion

Ablation of typical atrial flutter using anatomic isthmus approach

Non-inducibility criteria


Isthmus block criteria

Atypical flutter: ECG recognition, mapping, circuits

13. Pediatric arrhythmic issues

Post Fontan patients: management of atrial tachycardia

Mustard operation: pacemaker therapy, management of atrial flutter, sinus node dysfunction, 1:1 conduction of atrial flutter and sudden death

Tetralogy of Fallot: evaluation for VT, mapping of VT, ablation

Junctional ectopic tachycardia: recognition and management

14. Long QT syndromes

ECG recognition

Beta-blocker therapy

Pacemaker therapy

Role of implantable defibrillators

Role of sympathetic denervation

15. Signal averaged electrocardiography: theoretical rationale, indications, interpretation,

16. Monophasic action potential recording

17. Techniques for evaluation of sympathetic and parasympathetic nervous system

MIBG scanning

Heart rate variability

Baroreflex evaluation

V.
Research Opportunities
· Clinical Research

The Electrophysiology Service has and continues to be actively involved in several clinical research studies. Some selected studies are listed: 

1. MADIT 2 and 3 (the Multicenter Automatic Defibrillator Implantation Trial)

2. CASIS (syncope in nonischemic cardiomyopathy ICD trial)

3. InSync III Marquis, RHYTHM ICD, COMPANION (bi-ventricular pacing)

Studies that are also to be initiated shortly include:

1. A prospective ICD lead registry

2. Physiologic effects of cardiac resynchronization during exercise in heart failure patients

3. Invasive studies of human atrial physiology along with responses to pharmacologic agents 

Clinical research equipment include: 

1. Two Prucka Engineering 128 channel Electrophysiology Laboratory recording systems 

2. One Prucka Engineering 128 channel intraoperative mapping system Intravascular/intra-cardiac ultrasound

3. Carto/Biosense mapping system

4. Ventritex HVS-02 External defibrillators 

5. Monophasic Action Potential catheter mapping system

Support staff include six RN’s, three Electrophysiology technicians, three nurse practitioners, a research nurse and two secretaries. 

· Basic Research
The general basic research interests of the Electrophysiology Lab include: 

1. Cardiac mapping, 

2. Defibrillation

3. Effects of drugs on defibrillation

4. Monophasic action potential recording 

Animal experiments involve the pathophysiology of atrial fibrillation and chronic atrial electrophysiology in a long term sheep model.  Further experiments as an offshoot from this are planned involving atrial defibrillation, ablation, etc.

Research equipment available to the Electrophysiology Lab includes a shared animal laboratory with full animal care facilities. 
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