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Interventional Cardiology Fellowship Core Curriculum

Mission Statement


The directive of the Interventional Cardiac Catheterization Laboratory is to provide state-of-the-art invasive diagnostic and therapeutic procedures for patients with cardiovascular disease.

Statement of Educational Goals


The goal of this fellowship is to understand the fundamentals of cardiovascular pathophysiology as it relates to clinical disease through the analysis and interpretation of hemodynamic records and angiographic images and to understand and master the techniques of interventional cardiology procedures required to treat these cardiovascular diseases. 
The curriculum is designed to promote six broad based goals based on the six ACGME core competencies:

1)
Medical Knowledge: exposure by direct patient contact to a broad range of acute and chronic cardiovascular problems that present for invasive cardiac evaluation and management. Formal and informal didactic teaching sessions are used as well.

2)
Patient Care: accurate, physiologically-reasoned diagnosis, in the cardiac catheterization laboratory as well as at the bedside prior to and after invasive management; expert understanding of the need for invasive management, restrained by considerations of risk, benefit and cost; formulation of a management plan sensitively tailored to the unique medical and life circumstances of each patient. This plan must include rehabilitative and preventive measures.

3)
Professionalism: effective, mutually satisfying communication with patients, families and other physicians and allied health care personnel. Working with other allied health care team professionals to provide patient focused care. This is especially important in the “surgical” atmosphere of the cardiac catheterization laboratory where a team approach is essential. Maintaining highest ethical standards and strict privacy when discussing patient case plans with other providers.

4)
Interpersonal and Communication Skills: Effective communication with other non-cardiology physicians, nurses and allied professions in working with them to develop and institute a plan of care for patients undergoing invasive cardiac evaluation.  Being able to explain the necessity of invasive cardiac evaluation and management clearly and concisely using verbal and written communication will be of paramount importance.  In addition, since you are not the patient’s long-term primary physician, rapidly developing a rapport with patients and families in a limited time period through good listening and communication skills will be critically important.

5)
Practice Based Learning: Using information technology, literature sources and other available resources to practice evidence based medicine based on sound medical principles, guidelines and best practices, while being still able to individualize this for a particular patient’s circumstances.

6)
Systems Based Learning: during interaction with other medical services and providers in the cardiac catheterization laboratory, it will be important to learn how their care delivery systems work, e.g. both inpatient (non-acute and acute care units, operating room), outpatient (ambulatory clinics), and non-invasive testing facilities. Understanding this will be critical to your ability to synthesize and implement an efficient invasive cardiac management plan.

General Statement of Objectives


The specific educational goals include: 1) understanding the indications, risks, and benefits of invasive diagnostic and therapeutic procedures in cardiovascular disease, 2) obtaining a basic understanding of radiation physics, radiation safety, radiological cardiovascular anatomy, clinical cardiovascular physiology, clinical pharmacology of antiplatelet agents, antithrombin agents and thrombolytics, mechanisms of restenosis, and basics of vascular brachytherapy 3) using the data obtained from invasive procedures to select medical, catheter-based, or surgical treatment, 4) obtaining mechanical training in invasive diagnostic and interventional procedures, 5) understanding peripheral anatomy and the non-invasive assessment of peripheral vascular disease (PVD) and using this data to select proper treatment of PVD, 6) obtaining mechanical training in invasive diagnostic and therapeutic peripheral procedures.  Specifically, fellows will learn to perform, and will become proficient in, temporary right ventricular pacemaker insertion, pericardiocentesis, right and left heart catheterization including coronary angiography and ventriculography, intra-aortic balloon pump placement, conventional balloon angioplasty, stenting, rotational atherectomy, directional atherectomy, rheolytic thrombectomy, intravascular ultrasound, Doppler flow wire, pressure wire, percutaneous vascular access site closure, intracoronary brachytherapy, peripheral angiography of the brachiocephalic, renal and lower extremity vasculature, and peripheral angioplasty and stenting including the subclavian, renal and iliac arteries.


The goals of this rotation will be achieved primarily by teaching using the case method.  All procedures will be under the direct supervision of full-time faculty.  All cases will be reviewed in an informal daily teaching conference. Fellow will also be directly supervised in the post-procedural care of patient under going interventional procedures by the full time faculty.  There is also a weekly formal Cardiac Catheterization Conference attended by all division personnel and each month this conference is combined with Cardiothoracic Surgery or Vascular Surgery/Radiology for additional insights into vascular pathophysiology.  Interventional fellows will be able to attend and participate in additional conferences offered by the General Cardiology unit including a weekly Journal Club and a weekly basic science conference.

Every Monday morning the interventional cardiology fellows attend a conference dedicated to PCI topics.  The first half of the year, the lectures are dedicated to the basic, but vital, topics in interventional cardiology that are given by the various clinical faculty.  Every fourth Monday, we have a PCI round table discussion where the fellows bring out interesting or challenging interventional films, and the cases are discussed among two or three faculty that attend the session.  In this way, each case provides many attending perspectives and approaches in addition to the attending of record.  During the second half of the year, the interventional fellows choose the Monday morning topic, and with a faculty preceptor, produce a lecture to be presented to their colleagues with the faculty preceptor in attendance.

Every Wednesday, we have a more general cardiology geared cath conference.  One conference is combined with cardiothoracic surgery, and complex PCI vs. surgical questions/cases are presented.  A second conference is combined with electrophysiology, while a third combines with vascular surgery where vascular cases in particular are presented.  The fourth weekly conference is combined with a journal club, where the PCI fellows present articles of interest and then dissect them with the faculty and fellows in the audience.  In addition, every other week, we have a research meeting to discuss ongoing fellow and multicenter projects and discuss potential new ideas.  Finally, we have a monthly QA meeting to discuss case complications and how best to avoid them.

General Statement of Expectations of Fellows


The fellowship will consist of one year and be divided principally into to time spent under direct supervision in the cardiovascular laboratories performing diagnostic and interventional procedures, as well as time spent in the clinic evaluating patients, and protected time doing independent research. All rotations will take place at Strong Memorial Hospital. At the end of the first year the fellow will have completed the ACGME requirements for training in interventional cardiology.


Each fellow will also be responsible for the care of patients while in hospital that have undergone these procedures. The full time faculty will supervise this care.  The fellows will also be responsible for evaluating patients who return to the clinic or emergency room for complications.  The independent research will be under the direction of a research committee consisting of the full-time invasive cardiology faculty with the goal to produce meaningful information acceptable for publication. The on call responsibilities are expected to average 1-2 night a week and 1-2 weekends a month. Each fellow is expected to do at least 300-350 coronary interventions during the fellowship. 

           Each year the fellow will have 4 weeks of vacation and 5 days of study leave to attend education meeting relating to interventional cardiology. Fellows will be evaluated on a quarterly basis by all full time faculties. They will meet with the program director each quarter to discuss their evaluations.


The faculty / staff members directly responsible for fellow education in the Cardiac Catheterization Laboratory are: Frederick S. Ling, M.D., Director, Christopher J. Cove, M.D., Assistant Director, Craig R. Narins, M.D., John P. Gassler, M.D., Henry S. Richter, M.D., and Richard M. Pomerantz, M.D, Michael J. Doling, M.D. and Jason C. Garringer, M.D.  Other faculty who also participate in teaching include 

Senior support staff include Dawn Buss, RN, MSN, Nurse Manager, Christine Wille, R.N. and Catherine Barney, R.N., Nurse Leaders, and Michele Prame, Lab Adminstrator. Betsy Melito, R.N., A.P.N. and Katherine Hoose, R.N., A.P.N., Theresa Pfaff, R.N., Cath Lab nurse practitioners, Gregory Ameele and Martin Hoose, RCIS, Chief Technologists, and Darby Leyden, R. N., A.P.N., Patricia Stoughton, R.N., A.P.N. Cardiovascular Center (7-3600) nurse practitioners are also valuable resources.
Research staff include  Janice Spence, Pam LaDuke, Administrative Research Coordinators, Lori Caufield, RN, Vicki Conary-Rocco, RN, Research Nurse Study Coordinators, and Heather Cronmiller, RN, Amy Mutton, R.N., the QA Nurse Coordinators, and Melanie Robinson.
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Interventional Cardiology Fellowship Core Curriculum Syllabus

Section I. Patient selection for catheter based interventions
Introduction:

The American College of Cardiology / American Heart Association Task Force has issued a document published in the Journal of the American College of Cardiology and Circulation in December 1993 delineating guidelines for Percutaneous Transluminal Coronary Angioplasty. [2]
This is a consensus document that classifies patients into 3 classes:

Class I  - general agreement that the procedure is justified.

Class II - there is divergence of opinion on indication. 
 

Class III- general agreement that angioplasty is not indicated.

These classes are then divided into treatment of single vessel disease, multiple vessel disease, and acute myocardial infarction.  Detailed knowledge and understanding of this document is a necessary prerequisite to the following recommendations.    

Patient selection for catheter based interventions is determined by a multitude of factors that exclude the mere documentation of a stenosis and include some documentation of functional assessment.  The purpose, the feasibility and finally the risk of the intervention needs to be assessed in every patient.  The training in angioplasty thus comprises more than merely acquiring the technical skills.

Indications

I) Symptomatic relief

I) Chronic stable angina not controlled by acceptable medical therapy.

I) Unstable angina persisting on medical therapy.

I) To improve functional capacity.

I) To improve quality of life (i.e. side effects of medication).

I) Prognostic Benefit

I) Improved survival (no documentation of this is available)

I) BARI shows similar mortality for high risk subsets shown to benefit by surgery

I) Relief of ischemic burden, both for symptomatic and silent ischemia

I) Assumes reduction of ischemic myocardial damage

I) Prevention of myocardial damage (i.e. acute MI, PTCA)

I) Life saving (i.e. cardiogenic shock).

I) Reduce risk of non-cardiac surgery.

II)  Contraindications

II) Absolute

II) No significant obstruction.

II) Unprotected left main disease in patients who are candidates for bypass surgery.

II) Relative

II) Coagulopathy/bleeding diathesis.

II) Diffuse disease.

II) Non-infarct related artery during acute MI 





intervention.

II) Co-morbid conditions (i.e. diabetes with renal 





impairment, short life expectancy etc.)

III) Risk versus benefit assessment

III) Patient specific

III) age

III) weight

III) gender

III) ventricular function

III) amount of myocardium subtended by index vessel

III) consequences of abrupt closure

III) assessment of status of collaterals supplying index 



territory

III) assessment of collaterals supplied by index vessel

III) Number of vessels diseased.

III) Complete versus incomplete revascularization.

III) previous CABG

III) Risk of re-operation versus PTCA 



III)  Peripheral vascular disease and access problems.

III) restenosis potential with possible need for repeat 



procedure

III) Lesion specific

III) Thrombus score (i.e. recent thrombolysis, recent 



occlusion).

III) Total occlusion (i.e. recent, chronic, and viability of 



myocardium distal to occlusion.)

III) Characteristics of type A, B and C  lesions [2]
III) Applicability advantages and risks of non-balloon 



devices.

Section II. Strategy for Percutaneous Intervention

Introduction

In addition to recognizing the general indications and contraindications for intervention, the trainee should be able to plan a strategy for the procedure.  This plan should encompass both patient, anatomic, and technical issues and include potential approaches to anticipated problems.

I) Pre-procedural -  Considerations

A) Age

I) Left Ventricular Function

I) Prior MI

I) Co-morbidity

I) Peripheral Vascular Disease

I) Associated Valve disease (i.e. Aortic Insufficiency is a contraindication for IABP assist)

I) Revascularization goal

I) “Culprit”

I) Complete

I) Direct MI

I) Acute MI

I) Cost

I) Informed Consent

II) Pre-procedural - Anatomic- Angio Review

II) Is there a need for additional views

II) Are the diagnostic views adequate?

II) Role of surgeon/support

II) Back-up

II) Surgical standby

II) Degenerated Vein graft

II) Native vessel in prior CABG pt

II) Cardio-Pulmonary Support

III) Approach due to Coronary Anatomy / Technical

III) Calcified Vessels

III) Fibroelastic lesion

III) Bifurcation Lesion

III) Kissing balloons

III) Bifurcation Stenting

III) Atherectomy

III) Eccentric lesion

III) Tapered lesion

III) Ostial lesions

III) Hypertensive Heart Disease (tortuous vessels)

III) Chronic Total Occlusion

III) Post MI patient

III) Left Dominant

III) Right Dominant

III) Multivessel Disease

III) Reduced Left Ventricular Systolic Function

III) Degenerated Vein Graft

III) Discrete focal vs. Diffuse Disease

III) Anomalous Coronary

III) Shepherd’s Crook Right Coronary

III) Intracoronary Thrombus

III) Difficulties with two monorail catheters 

III) Wire coiling

III) Use of wire and balloon to crack hard lesions 

IV) Difficulties with patient vascular anatomy

IV) Tortuous Aorta

IV) Peripheral Vascular Disease

IV) Vascular Access

IV) Peripheral Vascular Disease (brachial, axillary, radial approach)

IV) Femoral arterial and venous anatomy 

IV) Malposition of stick

IV) When to use venous access 

IV) Temp. pacemaker anticipated

IV) Special guide wires

IV) Subintimal risk

IV) Glide Wire™

IV) Wholey wire™

IV) TAD ™wire

IV) Pigtail and guide wire to negotiate difficult peripheral 




anatomy

V) Importance of Informed Consent

V) Family member meetings

V) Problems with combined diagnostic/interventional procedures

VI) In-Lab Technology

VI) Sheaths

VI) Long vs. short

VI) Calcified vessels/hard rubber

VI) Progressive dilatation

VI) Oversized dilation for smaller sheath 

VI) Guide Catheters

VI) Torquability

VI) Support

VI) Coaxiality

VI) Importance of coaxial positioning

VI) 6,7,8, 9,10 Fr

VI) Increase support by increase Fr. Size

VI) Inner and outer diameters

VI) Expectations for devices

VI) Side Holes 

VI) Special Curves/anatomy

VI) Voda/Amplatz


VI) Shorten JL curve for selective LAD

VI) Lengthen JL curve for selective LCX

VI) Amplatz Left for R-shepherd’s crook

VI) Amplatz Left for anomalous RCA

VI) Left “Back-Up”, i.e. XB and EBU

VI) Radial access specific guides

VI) Wires

VI) Curves

VI) Tip configuration

VI) Floppy

VI) Intermediate

VI) Standard

VI) Construction

VI) Transitionless wire

VI) ”Extra support”

VI) Coated

VI) Special Use Wires

VI) Rotablator

VI) Nitinol

VI) Cross-it

VI) Crosswire

VI) TEC wire

VI) Balloons

VI) Monorail

VI) Over-the-wire

VI) Convertible

VI) On-the-wire

VI) Perfusion

VI) Performance Profiles

VI) Material

VI) Compliant

VI) Non-compliant

VI) Profile

VI) Guide wire requirement

VI) Peripheral balloons for coronary use

VI) Exchange Devices

VI) Trapper

VI) Performs differently in larger guides (10 Fr)
 

VI) DOC

VI) Transfer Catheters

VI) Convertible

VI) Magnet


VI) Infusion Systems

VI) Dispatch (local drug delivery)

VI) Target Infusion Catheters, multiple sideholes, end-hole only

VI) Dorros infusion catheter vs. End-hole for gradient measurement

VI) Infusion wires

VI) Sos,

VI)  Cragg

VI) Gradient Measurement

VI) Devices

VI) end-hole catheter

VI) Fluid filled wire

VI) Micromanometer tip wire

VI) Larger balloons

VI) Pressure wire

VI) Doppler wire

VI) Approach

VI) Intrinsic gradient 

VI) Post stenotic gradient

VI) When to use rarely used equipment

VI) 0.063” wire

VI) reduces bleeding in large guides

VI) straightens guides which bend

VI) Technical Difficulties

VI) Shepherd’s Crook 

VI) Tortuous Aorta

VI) Tortuous Iliac

VI) Hyperacute angle of LCX off LMCA

VI) Retrieval Techniques

VI) Microvena® Amplatz Goose Neck snares

VI) Basket 

VI) Long wires folded

VI) Cook Retrieval System

VI) Pacemaker lead extraction

VI) Trap with balloon

VI) Devices

VI) Stent

VI) Directional Atherectomy

VI) Transluminal Extraction Catheter

VI) Excimer Laser

VI) Rotational Atherectomy

VI) Total Occlusion - Laser wire (0.018)

VI) Balloons

VI) Cutting Balloon

L) Distal Protection Devices


1) Percusurge

      M) Vascular Brachytherapy


1) Novoste System


2) Cordis System

VII) In lab management

VII) In Lab Pharmacology

VII) Intracoronary medications

VII) Intravenous medications

VII) Intravenous conscious sedation

VII) Heparin/ACT’s 

VII) Low molecular weight heparin

VII) No Reflow Rx

VII) Contrast : ionic vs. Nonionic

VII) Vasoactive cocktail for atherectomy

VII) Gp IIB/IIIA receptor antagonists

VII) Antithrombin Agents

VII) In Lab Phenomena

VII) Ischemic Preconditioning

VII) ECG changes

VII) Angina

VII) Ischemic MR/ LCX

VII) RV dysfunction

VII) No Reflow phenomenon

VII) Complications

VII) Dissection

VII) VT/VF

VII) Threatened Closure

VII) Acute Closure

VII) No Reflow

VII) Intracoronary Thrombus

VII) Perforation/Tamponade

VII) Perforation risk increases

VII) Rotablator

VII) Laser

VII) Directional Atherectomy  with GTO Device

VII) Treatment

VII) Use of coils

VII) Covered stents

VII) Anticoagulation Strategy

VII) Heparin

VII) Different techniques to ascertain ACT

VII) IIb/IIIa inhibitors

VII) Other Antiplatelet agents

VII) Aspirin

VII) Ticlopidine

VII) Clopidigrel

 5) Anti-thrombin agents

VIII) Post procedure management/strategy

VIII) Anticoagulation Management

VIII) Timing 

VIII) Sheath pulling

VIII) Closure devices

VIII) Peripheral Vascular Disease

IX) Lesion Assessment

IX) IVUS

IX) Doppler wire

IX) Pressure Wire

IX) QCA

IX) Definitions

IX) MLD 

IX) Acute Gain/ Late Loss/ Loss Index

IX) Recoil

IX) Remodeling

Section III. Major Clinical Trials

Introduction

There have been clinical trials that have been critical in changing our understanding of the treatment of coronary artery disease.  Although the emphasis here is on multi-center trials because of the size and statistical strength of these studies, some single center trials have also been included because of their importance to furthering our understanding.  This list is not intended to be exhaustive but to provide the trainee with a core of literature important to this field.

Acute Myocardial Infarction
A) Primary Angioplasty in Myocardial Infarction Trial (PAMI)

I) Global Utilization of Strategies to Open occluded Arteries (GUSTO)

I) Thrombolysis and Angioplasty in Myocardial Infarction (TAMI)

I) Thrombolysis in Myocardial Infarction (TIMI)

I) Should we Intervene Following Thrombolysis (SWIFT)

Unstable Angina Pectoris

I) Thrombolysis and Angioplasty in Unstable Angina (TAUSA)

Revascularization vs. Medical Therapy

I) Coronary Artery Surgery Study(CASS)

I) Angioplasty Compared to Medicine (ACME)

I) Asymptomatic Cardiac Ischemia Pilot Trial (ACIP)

PTCA vs. Coronary Artery Bypass Surgery

I) Randomized Intervention Treatment of Angina (RITA)

I) German Angioplasty Bypass Intervention Trial (GABI)

I) Coronary Angioplasty versus Bypass Revascularization Investigation (CABRI)

I) Bypass Angioplasty Revascularization Investigation (BARI)

I) Emory Angioplasty Surgery Trial (EAST)

Angioplasty vs. Other interventional Devices

I) Coronary Atherectomy versus Angioplasty (CAVEAT)

I) Balloon versus Optimal Angioplasty Trial (BOAT)

I) Belgian Netherlands Stent Study (BENESTENT)

I) Stent Restenosis Study (STRESS)

I) Excimer Laser vs. balloon angioplasty (ERBAC)

I) Amsterdam Rotterdam Trial (AMRO)

Adjunctive Pharmacological Therapy with Anti-Platelet Agents

I) Evaluation of IIb/IIIa platelet receptor antagonist 7E3 in Preventing Ischemic Complications (EPIC) 

I) Evaluation of PTCA to Improve Long-term Outcome by c7E3 GPIIb/IIIa receptor blockade (EPILOG)

I) Chimeric 7E3 Antiplatelet in Unstable Angina Refractory to standard treatment (CAPTURE)

I) Randomized Efficacy Study of Tirofiban for Outcomes sand Restenosis (RESTORE)

I) Integrilin to Minimize Platelet Aggregation and Preventing Coronary Thrombosis (IMPACT II)

I) Stent Antithrombotic Regimen Study (STARS)

Intracoronary Doppler/Ultrasound

I) Doppler Endpoints Balloon Angioplasty Trial Europe (DEBATE)

I) Function Angiometric Correlation with Thallium Scintigraphy Trial (FACTS)

I) Doppler Endpoint Stenting International Investigation-Coronary Flow Reserve (DESTINI-CFR)

I) Core Laboratory Ultrasound analysis study (CLOUT)

I) Serial Ultrasound analysis of Restenosis trial (SURE)

Vascular Brachytherapy Trials

I) Multicentered Randomized Trial of Localized Radiation Therapy to Inhibit                Restenosis  After Stenting (GAMMA I)

I) 90 Sr Treatment of Angiographic Restenosis ( START)

I) Beta Radiation After Denovo Coronary Angioplasty or Stenting (BETA-CATH)

Distal Embolization Trials

       II) Saphenous Vein Graft Angioplasty Free of Emboli Randomized trial (SAFER)

Section IV. Hematology:

Introduction

Both bleeding and clotting are important parameters that must be regularly dealt with in patients undergoing interventional procedures.  It is necessary for the fellow, therefore to understand the mechanisms that are operational in this setting as well as the role of therapeutic agents in modifying the risks and benefits of the procedures. [3-13]
I) Role of platelets in atherogenesis and acute coronary syndromes

A) Vessel Injury

I) Degree of injury

I) Functional alterations without morphologic changes

I) Endothelial denudation and intimal injury

I) Deep injury involving intima and media

I) Vascular Response

I) Lipid accumulation

I) Monocyte adhesion

I) Platelet deposition

I) Thrombosis

I) Smooth muscle cell proliferation

I) Platelet Function

I) Platelet Adhesion

I) Platelet membrane receptors (GP IIb/IIIa)

I) Adhesive glycoproteins

I) Collagen substrate

I) von Willebrand factor

I) Mitogens

I) Platelet derived growth factor (PDGF)

I) Epidermal growth factor (EGF)

I) Transforming growth factor-beta (TGF-B)

I) Platelet Aggregation

I) Platelet activation

I) Agonists

I) Collagen

I) Thrombin

I) Epinephrine

I) Thromboxane A2

I) Platelet activation pathways

I) ADP and serotonin dependent

I) Thromboxane A2 

I) Cycloxygenase 

I) Collagen and thrombin

I) Platelet binding

I) GP IIb/IIIa

I) Fibrinogen binding

I) von Willebrand factor

I) Fibronectin

I) GP IIb/IIIa receptor

I) Rheologic factors

I) High shear rate

I) Turbulence

I) Platelet activation leading to coagulation and thrombus formation

I) Vessel injury

I) Shear stress

I) Platelet activation

I) Activation of intrinsic and extrinsic coagulation pathways

C) Pharmacology of Platelet-Inhibitor Agents

1)
Aspirin

2)
Dipyridamole

3)
Sulfinpyrazone

4)
Ticlopidine

5)
Clopidogrel

6)
Dextran

7)
Thromboxane inhibitors

8)
Serotonin inhibitors

9)
Prostacyclin

10)
Selective thrombin inhibitors 

11)
GP IIb/IIIa inhibitors

12)
Arg-Gly-Asp sequence blockers

D) Role of anti-platelet agents in coronary intervention

1)
Preventing acute complications of interventions

(a)
Aspirin

(b)
Aspirin plus Dipyridamole

(c)
Ticlopidine

(d)
GP IIb/IIIa inhibitors

2)
Reducing restenosis

(a)
GP IIb/IIIa inhibitors

II) Coagulation

Extrinsic system

Initiated by tissue thromboplastin released by tissue injury

Tissue thromboplastin plus factor VII converts X to Xa   

Coagulation within seconds

Calcium dependent

Intrinsic system

Factor XII binds to negatively charged surface to initiate coagulation cascade

Requires kininogen, prekallikrein, factors V and VIII, thrombomodulin, protein C and protein S, phospholipid and calcium.

Coagulation within minutes

Endogenous coagulation inhibitors

Antithrombin III

Protein S

Protein C

Antithrombin II

Tissue factor pathway inhibitor

Adenosine diphosphatase

Nitrous oxide

Prostacyclin

Alpha1 antitrypsin

Alpha2 macroglobulin

Antithrombotic medication

Oral anticoagulants

Biological properties

Inhibit vitamin K epoxide reductase activity of liver

Inhibits factors II, VII, IX, X, proteins C and S

Clinical pharmacology

Drug interactions

Indications

Complications and side effects

Heparin

Biological properties

Anticoagulant

Antiplatelet 

Endothelial Function

Other 

Clinical pharmacology

Drug interactions

Indications

Complications and side effects

Low molecular weight heparin

Biological properties

Anticoagulant

Antiplatelet 

Endothelial Function

Other 

Clinical pharmacology

Drug interactions

Indications


Complications and side effects

Hirudin and other peptides

Biological properties

Direct action

Selectively blocks thrombin without platelet or endothelial function

Clinical pharmacology

Drug interactions

Indications


Complications and side effects

Monitoring anticoagulation

Detection of hypercoagulable state

Monitoring heparin therapy

aPTT

ACT

Monitoring Coumadin therapy

PT

INR

Thrombolytics

Agents

Streptokinase

Urokinase

t-PA/r-PA/TNK

APSAC

Thrombolytics (cont’d)

Biological properties

Clinical pharmacology

Drug interactions

Indications


Complications and side effects

Section V. Molecular biology and other related topics

Introduction

Although molecular biology is relatively new to clinical cardiology it is likely that agents will be available for use in the foreseeable future.  Although the specifics may change, a basic understanding of the concepts related to molecular biology is important for the trainee in order for them to interpret the current and future activities in this area.

Molecular Biology for the Interventionist

A) Nucleic acid and protein synthesis

I) Cellular architecture

I) DNA

I) DNA function

I) Protein synthesis

I) Gene expression and regulation

I) Molecular genetics

I) Reverse genetics

I) Anti-sense genes

I) Vectors for delivery

I) Growth Factors

Free Radical Scavengers

I) Sources

I) Biochemistry

I) Effects on cardiac tissue

I) Antioxidants

Leukocytes

I) Mechanism of neutrophil injury

I) Neutrophil inhibition

I) Leukocyte induced injury mediators

Growth Factors and Cytokines

I) Platelet factors

I) Platelet derived growth factor A and B

I) Transforming growth factors

I) Fibroblast growth factors

I) Angiotensin II

I) Interleukins

I) Insulin like growth factors

Section VI. Alternative imaging modalities: 

Introduction

Although angiography has traditionally been considered the gold standard for assessing lesions, it is clear that other technologies are important adjuncts for assessing vessel and lesions characteristics.  It is important that the fellow has an understanding of these techniques and how they may be applied in interventional and diagnostic procedures.

I) Intravasular ultrasound (IVUS):

I) Instrument

I) Settings

I) Sterile Bags for equipment on the field

I) Catheter preparation, selection

I) Handling of videotapes

I) Troubleshooting

I) Performance:

I) Guiding catheter selection

I) Must have internal diameter compatibility 

I) Heparinization protocol

I) Wire selection

I) Intracoronary/Intravenous nitroglycerin administration

I) Imaging Protocol

I) Uniform protocol

I) Place Imaging catheter beyond the target lesion

I) Set videotape to record

I) Activated automatic transducer pullback 

I) Continue imaging until transducer reaches the aorto-ostial junction.

I) On-screen and audio annotation

I) Off-line measurements 

I) Qualitative Interpretation of IVUS images:

I) Basics:

I) Reflection from different tissues

I) Calcified plaque

I) Fibrous plaque

I) Fatty plaque

I) Blood

I) Thrombus

I) Catheter position relative to plaque or vessel

I) Orientation of the images (axial vs. rotational)

I) Appearance of normal coronary arteries

I) Layers

I) Intima

I) media-adventitia border

I) Appearance of diseased vessels

I) Early plaque

I) Mild to moderate disease vs. severe disease

I) Calcification

I) Concentricity

I) Eccentricity

I) Unusual Lesions

I) Quantitative Analysis of IVUS images:

I) On-line/Off-line measurements

I) Calibration

I) Measurement and Analysis in real time

I) Measurement and Analysis from tape

I) Choosing sites for measurement

I) Reference segment (within 10mm of target lesion)

I) Target lesion (smallest diameter lumen)

I) Typical IVUS measurements

I) Minimum lumen diameter (MLD)

I) Lumen cross-sectional area (CSA)

I) External elastic lamina CSA

I) Percent luminal diameter (or area) stenosis

I) Plaque Cross sectional area 

I) Percent Cross sectional narrowing (plaque burden, plaque volume))

I) Arc of deep and superficial calcium

II) IVUS in the Context of Interventional Procedures:

II) Need for Intervention

II) Endpoints

II) Balloon Angioplasty (PTCA):

II) Mechanism of balloon coronary angioplasty

II) Pre-PTCA Imaging

II) Plaque composition and topography

II) Balloon sizing by IVUS

II) Mid-wall at reference site

II)  Media-to-media at the lesion site

II) Plaque composition and balloon selection

II) Severity of intermediate and ambiguous lesions

II) Post-PTCA procedural endpoints- quantitative results

II) Mechanism

II) Dissections post PTCA

II) Need for adjunct PTCA

II) Need for adjunct Stenting

II) Directional Atherectomy (DCA):

II) Vessel and lesion characteristics for safety margin for DCA

II) Device sizing

II) Reference vessel size

II) Exclusion of unsafe lesions

II) Calcified lesions

II) IVUS guided DCA

II) Optimizing the use of DCA

II) Rotational Atherectomy (RA):

II) Mechanism of RA 

II) Image interpretation in calcified vessels

II) Extent of calcification

II) IVUS guided burr sizing

II) Need for adjunct devices

II) Stent

II) Balloon

II) Stents:

II) Stent sizing

II) Expansion

II) Apposition

II) Dissections

II) Symmetry

II) Stent cross sectional area (CSA)

II) In-stent neointima 

III) Doppler Velocity Flowire:

III) Basic concepts:

III) Coronary flow physiology in normal vessels

III) Factors influencing coronary flow 

III) Doppler catheters and wires

III) 0.018” or 0.014” wires

III) Features of proper signal

III) Adenosine administration and dosing

III) Guiding catheter choice

III) Implication of side holes for dose of agent

III) Implication of side holes for vessel occlusion

III) Coronary flow velocity signals

III) Establishment of acceptable baseline flow pattern

III) Patterns in normal coronary arteries

III) Patterns in significantly stenosed coronary arteries

III) Coronary flow reserve

III) Clinical Utility 

III) Assessment of intermediate lesions

III) Alteration of coronary flow

III) After PTCA

III) After Stenting,

III) After atheroablation

III) Coronary flow monitoring during interventions

III) Assessment of collateral flow 

III) Comparative utility of Doppler wire and IVUS

IV) PRESSURE WIRE:

IV) Basics

IV) Trans-lesion gradient

IV) Femoral pressure

IV) Central aortic pressure

IV) Distal coronary pressure

IV) Adenosine administration and dosing

IV) Guiding catheter choices

IV) Pressure measurements

IV) Baseline 

IV) Hyperemia

IV) Atrial pacing

IV) Pharmacologic agents:

IV) Nitroprusside, 

IV) Dopamine/phenylepherine

IV) Before and after intervention

IV) Parameters

IV) Trans-lesion pressure gradient

IV) Fractional flow reserve

Section VII. Peripheral Vascular Component  

Introduction

Atherosclerosis is a systemic disease that affects both the coronary arteries and the peripheral vasculature. Peripheral vascular disease is common among patients with coronary disease, and the management of these two entities is interdependent. As an integral component of the interventional cardiovascular fellowship, trainees will be exposed to all issues surrounding the management of peripheral arterial occlusive disease, including its etiology, pathophysiology, natural history, noninvasive evaluation, medical management, and indications for endovascular or surgical intervention. Particular emphasis will be placed on knowledge of indications for and performance of diagnostic angiography and percutaneous revascularization. The curriculum is based on guidelines proposed by the American Heart Association, The American College of Cardiology, and The Society for Cardiac Angiography and Interventions [14-16]. Many of the pharmacologic principles and technical skills inherent to coronary angiography and intervention as discussed above, especially those related to obtaining vascular access and manipulation of intravascular catheters and guidewires, apply directly to peripheral angiography and intervention.

I) Primary Disease Processes

A) Lower extremity arterial occlusive disease

1. Intermittent claudication

2. Rest / limb-threatening ischemia

3. Acute thrombo-embolic disease

B) Renal artery stenosis

C) Abdominal aortic aneurysm

D) Subclavian artery stenosis

1. Vertebrobasilar insufficiency

2. Upper extremity claudication

3. Hemodynamic compromise of internal mammary artery to coronary artery bypass graft

E) Carotid artery disease

1. asymptomatic carotid stenosis

2. symptomatic carotid stenosis

F) Femoral artery pseudoaneurysm and arteriovenous fistula

G) Cholesterol emboli syndrome

II) Cognitive Skills

A) Etiology and differential diagnosis of peripheral arterial diseases

B) Natural history

C) Arterial anatomy

D) Pathophysiology of the disease states

E) Outpatient and inpatient evaluation

F) Indications for therapy

H) Knowledge of treatment options

1. Medical therapy

2. Endovascular therapy

3. Vascular surgical therapy

III) Interpretation of noninvasive testing

A) Ankle-brachial index

B) Doppler/ultrasound 

C) Vascular computed tomography

D) Magnetic resonance angiography

IV) Performance of Peripheral Angiography

IV) Lower extremity

IV) determination of arterial access site (based on expected distribution of disease)

IV) proper placement of pigtail catheter for distal abdominal aortography

IV) techniques for selective angiography of the contralateral extremity

IV) detailed knowledge of angiographic vascular anatomy

IV) identification of previously implanted bypass grafts

IV) measurement and understanding of translesional pressure gradients

IV) recognition of stigmata of acute versus chronic arterial occlusive disease

IV) Renal Angiography

IV) abdominal aortography

IV) arterial anatomy

IV) recognition of accessory renal arteries

IV) catheter selection for selective renal angiography

IV) catheter manipulation skills to minimize the likelihood of atheroemboli

IV) measurement of translesional pressure gradients

IV) differentiation of atherosclerotic disease from fibromuscular dysplasia

C) Carotid, Cerebral, and Brachiocephalic angiography

1. arch aortogram

a. knowledge of anatomy relating to origins of the great vessels

b. Knowledge of common anatomic variations

2. selective carotid angiography

a. catheter selection and manipulation skills

b. skills to minimize the risk of procedure-related stroke

c. Comprehension of the principles and use of digital subtraction angiography

d. knowledge of appropriate angiographic projections to view the carotid bifurcation.

e. knowledge of anatomy of the common, internal, and external carotid arteries

f. ability to quantitate stenosis severity based on accepted criteria

g. recognition of thrombus, calcification

3. cerebral angiography

a. anatomy

b. proper angiographic projections

c. recognition of common abnormalities, including branch occlusion, aneurysm, AV fistula

4. inominate/subclavian artery angiography

a. branch anatomy

b. measurement of translesional pressure gradients

5. vertebral angiography

a. anatomy of vertebral, basilar, and posterior cerebral arteries

b. catheter selection and techniques

V) Performance of Peripheral Interventions

V) Lower extremity

V) Aortoiliac disease

V) Principles of vascular access site selection

V) Peri-procedural pharmacology

V) Selection of appropriate guidewire

V) Selection of appropriate angioplasty balloon size

V) Proper selection of stent size and design (balloon vs self-expanding)

V) Understanding of the “kissing” balloon approach for ostial common iliac artery stenoses

V) Management of complications (dissection, thrombosis, embolism)

V) Technique and importance of assessing post-intervention residual pressure-gradient

V) Infra-iliac disease

V) Knowledge of appropriate indications

V) Access techniques from contralateral extremity

V) Antegrade arterial puncture techniques

V) Selection of proper guidewires / balloons

V) Lower extremity thrombolysis

V) Guidewire techniques to cross acute and chronic occlusions

V) Indications for thrombolysis

V) Pharmacology and dosing considerations for thrombolytic agents

V) Knowledge of available infusion catheters and wires

V) Monitoring the effectiveness of prolonged thrombolytic infusions

V) Recognition and management of hemorrhagic complications

V) Indications for and technical considerations of rheolytic thrombectomy 

V) Renal artery

V) Guide catheter selection based on arterial anatomy

V) Knowledge of techniques to minimize risk of aortic atheroembolism

V) Selection of guidewire

V) Techniques to minimize risk of guidewire-induced renal parenchymal trauma

V) Peri- and post-procedural anticoagulation

V) Principles of balloon and stent selection

V) Techniques of stent placement to ensure coverage of the renal artery ostium

V) Ability to minimize contrast dose in patients with renal insufficiency

V) Understanding of treatment strategy for fibromuscular dysplasia versus atherosclerotic renal artery stenosis

V) Measurement of residual pressure gradient post-intervention

V) Subclavian artery

V) Knowledge of considerations related to arterial access (femoral versus brachial artery approach)

V) Understanding of guidewire, balloon, stent choices

V) Case selection principles to avoid compromise of the vertebral artery

V) Use of balloon-expandable (ostial-proximal subclavian) versus self-expanding (mid-distal subclavian) stents
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