APPENDIX I
COMPETENCY MATRIX
Non-Invasive Concentration

	CONTENT AREA
	COURSE #(s)
	OBJECTIVE # (s)

	II.
	Non-Invasive
Entry-level competence is evidenced by a graduate’s knowledge and skill in the following areas:

	
	A.
	Anatomy

	
	
	1
	Identify the normal and anatomic variants of the cardiovascular system.

	
	
	
	a.
	Cardiac structures, including the chambers, valves, and vessels;
	     
	     

	
	
	
	b.
	Pulmonary circulation
	     
	     

	
	
	
	c.
	Vessel structures of the arteries, veins, and capillaries;
	     
	     

	
	
	
	d.
	Aorta and branches;
	     
	     

	
	
	
	e.
	Cerebrovascular system;
	     
	     

	
	
	
	f.
	Hepatoportal venous system;
	     
	     

	
	
	
	g.
	Mesenteric arterial system;
	     
	     

	
	
	
	h.
	Peripheral arteries and veins;
	     
	     

	
	
	
	i.
	Renal arteries and veins; and
	     
	     

	
	
	
	j.
	Vena cava and iliac veins.
	     
	     

	
	
	2
	Identify the sonographic appearances, imaging techniques, measurements, and Doppler flow characteristics of both the normal and abnormal vascular structures.

	
	
	
	a.
	Aorta and branches;
	     
	     

	
	
	
	b.
	Cerebrovascular system;
	     
	     

	
	
	
	c.
	Hepatoportal venous system;
	     
	     

	
	
	
	d.
	Mesenteric arterial system;
	     
	     

	
	
	
	e.
	Peripheral arteries and veins;
	     
	     

	
	
	
	f.
	Renal arteries and veins; and,
	     
	     

	
	
	
	g.
	Vena cava and iliac veins.
	     
	     

	
	B.
	Fluid Dynamics
Entry-level competency is evidenced by a graduate’s knowledge and skill in the following areas:

	
	
	1.
	Contrasting differences between potential and kinetic energy.
	     
	     

	
	
	2.
	Relating potential and kinetic energy to the cardiovascular system;
	     
	     

	
	
	3.
	Describing how hydrostatic pressure affects the circulatory system;
	     
	     

	
	
	4.
	Describing the relationship between volumetric flow and blood velocity;
	     
	     

	
	
	5.
	Describing how venous capacitance affects blood flow;
	     
	     

	
	
	6.
	Describing how compliance of the venous system affects blood flow;
	     
	     

	
	
	7.
	Predicting how compliance of the venous system affects blood flow; 
	     
	     

	
	
	8.
	Relating the relevance of the following concepts/equations on the circulatory system, including
	     
	     

	
	
	
	a.
	Resistance equation;
	     
	     

	
	
	
	b.
	Volumetric flow equation;
	     
	     

	
	
	
	c.
	Simplified law of hemodynamics;
	     
	     

	
	
	
	d.
	Poiseuille’s Law;
	     
	     

	
	
	
	e.
	Bernoulli’s principle;
	     
	     

	
	
	
	f.
	Reynold’s number; and
	     
	     

	
	
	9.
	Contrasting steady, pulsatile, and phasic flow.
	     
	     

	
	C.
	Physiology and Hemodynamics
Entry-level competence is evidenced by a graduate’s knowledge and skill in the following areas:

	
	
	1.
	Explaining the difference between pressure, flow, and resistance;
	     
	     

	
	
	2.
	Predicting how stroke volume will affect pressure, flow, and resistance;
	     
	     

	
	
	3.
	Predicting how cardiac output will affect pressure, flow, and resistance;
	     
	     

	
	
	4.
	Explaining how cariac electrical conductivity impacts hemodynamic waveforms;
	     
	     

	
	
	5.
	Interpreting high and low resistance hemodynamic waveforms;
	     
	     

	
	
	6.
	Describinghow vasoconstriction and vasodilation affects hemodynamic waveforms;
	     
	     

	
	
	7.
	Descrbing th effects of vessel diameter on volume flow changes;
	     
	     

	
	
	8.
	Explaining how volume flow changes impact end organ perfusion;
	     
	     

	
	
	9.
	Comparing the effective resistance of arteries, arterioles, and capillaries;
	     
	     

	
	
	10.
	Explaining how capacitance impacts vein diameter;
	     
	     

	
	
	11.
	Describing how resistance changes in the peripheral venous system;
	     
	     

	
	
	12.
	Identifying how heart failure (right and left heart) affects peripheral flow patterns;
	     
	     

	
	
	13.
	Describing how velocity change is related to the cross-sectional area of the cardiovascular system;
	     
	     

	
	
	14.
	Identifying the causes of arteriolar regulation;
	     
	     

	
	
	15.
	Describing the impact of arteriolar regulation on hemodynamic waveforms;
	     
	     

	
	
	16.
	Describing the hemodynamic peripheral waveform associated with venous hypertension;
	     
	     

	
	
	17.
	Explaining how venous hypertension is related to peripheral edema;
	     
	     

	
	
	18.
	Explaining how venous resistance and transmural pressure are related;
	     
	     

	
	
	19.
	Predicting how hydrostatic pressure affects arterial circulation;
	     
	     

	
	
	20.
	Explain the effect that an energy gradient has on blood velocity;
	     
	     

	
	
	21.
	Predicting the effects of cardiac output on an energy gradient;
	     
	     

	
	
	22.
	Explaining the effects of viscosity, friction, and inertia on blood flow;
	     
	     

	
	
	23.
	Explaining how autoregulatory versus sympathetic changes affect blood flow;
	     
	     

	
	
	24.
	Applying Poiseulle’s law to preduct flow changes with variations to vessel length and/or vessel radius;
	     
	     

	
	
	25.
	Explaining the relevance to the Reynold’s number when examining blood flow patterns;
	     
	     

	
	
	26.
	Describing the hemodynamic waveforms associated with pulsatile and phasic blood flow;
	     
	     

	
	
	27.
	Describing the effect of exercise and hyperemia on blood flow;
	     
	     

	
	
	28.
	Explaining how the calf muscle pump effects venous blood flow;
	     
	     

	
	
	29.
	Describing the function of venous valves; and,
	     
	     

	
	
	30.
	Predicting the effects of nonfunctioning venous valves.
	     
	     

	
	D.
	Vascular Pathophysiology
Entry-level competence is evidenced by a graduate’s knowledge and skill in the following areas:

	
	
	1.
	Comparing and contrasting aneurysms and pseudoaneurysms;
	     
	     

	
	
	2.
	Comparing and contrasting hematomas and pseudoaneurysms;
	     
	     

	
	
	3.
	Describing blood flow patterns, symptoms, physical signs and diagnostic findings associated with the following pathologies:

	
	
	
	a.
	arterial emboli;
	     
	     

	
	
	
	b.
	arteriovenous fistulae and shunts;
	     
	     

	
	
	
	c.
	Atherosclerosis;
	     
	     

	
	
	
	d.
	congenital anomalies;
	     
	     

	
	
	
	e.
	fibromuscular dysplasia;
	     
	     

	
	
	
	f.
	genetic disorders;
	     
	     

	
	
	
	g.
	Iatrogenic injury;
	     
	     

	
	
	
	h.
	Infection;
	     
	     

	
	
	
	i.
	Intimal hyperplasia;
	     
	     

	
	
	
	j.
	Ischemia;
	     
	     

	
	
	
	k.
	Neoplasia;
	     
	     

	
	
	
	l.
	Portal hypertension;
	     
	     

	
	
	
	m.
	Systemic hypertension;
	     
	     

	
	
	
	n.
	Trauma;
	     
	     

	
	
	
	o.
	Thoracic Outlet Syndrome;
	     
	     

	
	
	
	p.
	Vascular entrapment and extrinsic compression;
	     
	     

	
	
	
	q.
	Vascular malformations;
	     
	     

	
	
	
	r.
	Vasculitis;
	     
	     

	
	
	
	s.
	Vasospastic disorders;
	     
	     

	
	
	
	t.
	Venous thromboembolism; and,
	     
	     

	
	
	
	u.
	Venous valvular disorders.
	     
	     

	
	E.
	Vascular Testing
Entry-level competency is evidenced by a graduate’s knowledge and skills in the following areas:

	
	
	1.
	Performing, interpreting, and identifying common errors associated with vascular testing procedures, including:
	     
	     

	
	
	
	a.
	Continuous wave and pulsed wave Doppler;
	     
	     

	
	
	
	b.
	Brachial blood pressures;
	     
	     

	
	
	
	c.
	Ankle/brachial index;
	     
	     

	
	
	
	d.
	Segmental pressures and waveform analysis;
	     
	     

	
	
	
	e.
	Exercise treadmill testing;
	     
	     

	
	
	
	f.
	Photoplethysmography (PVR);
	     
	     

	
	
	
	g.
	Transcranial Doppler/imaging;
	     
	     

	
	
	
	h.
	Digital testing;
	     
	     

	
	
	
	i.
	Allen’s test;
	     
	     

	
	
	
	j.
	Vein mapping;
	     
	     

	
	
	
	k.
	Arterial mapping;
	     
	     

	
	
	
	l.
	Upper extremity physiological testing with and without evocative maneuvers;
	     
	     

	
	
	
	m.
	Visceral duplex;
	     
	     

	
	
	
	n.
	Cerebrovascular duplex;
	     
	     

	
	
	
	o.
	Venous duplex to rule out venous thrombosis;
	     
	     

	
	
	
	p.
	Venous insufficiency testing; and
	     
	     

	
	
	
	q.
	Aortoiliac duplex.
	     
	     

	
	
	2.
	Applying and interpreting quantitative principles of vascular testing; including
	     
	     

	
	
	
	a.
	Acceleration time;
	     
	     

	
	
	
	b.
	Ankle/brachial pressure ratios;
	     
	     

	
	
	
	c.
	Aorta/renal ratios;
	     
	     

	
	
	
	d.
	Area and diameter reduction measurements;
	     
	     

	
	
	
	e.
	Digit/brachial ratios;
	     
	     

	
	
	
	f.
	Velocity change across stenosis for grading arterial lesions;
	     
	     

	
	
	
	g.
	Pulsatility index;
	     
	     

	
	
	
	h.
	Resistive index;
	     
	     

	
	
	
	i.
	Segmental pressures, including digits;
	     
	     

	
	
	
	j.
	Velocity ratios; and,
	     
	     

	
	
	
	k.
	Venous reflex time.
	     
	     

	
	
	3.
	explaining role of the sonographer when performing ultrasound-guided procedures;
	     
	     

	
	
	4.
	defining informed consent;
	     
	     

	
	
	5.
	explaining the sonographer’s role in obtaining informed consent;
	     
	     

	
	
	6.
	defining procedural time-out;
	     
	     

	
	
	7.
	demonstrating sterile technique;
	     
	     

	
	
	8.
	demonstrating appropriate pre- and post-procedure documentation;
	     
	     

	
	
	9.
	identifying potential complications of vein ablation procedure;
	     
	     

	
	
	10.
	explaining the use of thrombin injection for pseudoaneurysm treatment;
	     
	     

	
	
	11.
	explaining how Laser Doppler is used;
	     
	     

	
	
	12.
	explaining the protocol of and diagnostic information derived from penile/brachial index;
	     
	     

	
	
	13.
	explaining the protocol for evaluation of surgical procedures/interventions;
	     
	     

	
	
	14.
	describing the procedure/intervention and potential complications:
	     
	     

	
	
	
	a.
	Angioplasty;
	     
	     

	
	
	
	b.
	Artherectomy;
	     
	     

	
	
	
	c.
	Coil embolization;
	     
	     

	
	
	
	d.
	Dialysis fistula/graft;
	     
	     

	
	
	
	e.
	Embolectomy;
	     
	     

	
	
	
	f.
	Endograft;
	     
	     

	
	
	
	g.
	Endovascular aortic aneurysm repair (EVAR);
	     
	     

	
	
	
	h.
	Endovenous ablation;
	     
	     

	
	
	
	i.
	Inferior vena cava filter;
	     
	     

	
	
	
	j.
	Patch angioplasty;
	     
	     

	
	
	
	k.
	Stents;
	     
	     

	
	
	
	l.
	Synthetic grafts;
	     
	     

	
	
	
	m.
	Thrombolysis and thrombectomy;
	     
	     

	
	
	
	n.
	Trans-jugular intrahepatic porto-systemic shunt; and,
	     
	     

	
	
	
	o.
	Vein bypass grafts;
	     
	     

	
	
	15.
	Discussing appropriateness and/or potential modifications to scanning protocols based on patient specific factors, including

	
	
	
	a.
	History, including location, prior vascular procedures;
	     
	     

	
	
	
	b.
	Physical examination and assessment of patient-specific factors;
	     
	     

	
	
	
	c.
	Relating imaging, laboratory, and functional testing procedures;
	     
	     

	
	
	
	d.
	Contraindications;
	     
	     

	
	
	
	e.
	Clinical differential diagnosis; and,
	     
	     

	
	
	
	f.
	Pharmacological effects on patient;
	     
	     

	
	F.
	Quality Assurance
Entry-level competency is evidenced by a graduate’s knowledge and skills in the following areas:

	
	
	1.
	correlating clinical findings against other imaging procedures;
	     
	     

	
	
	2.
	calculating accuracy, sensitivity, specificity, positive predictive value and negative predictive value;
	     
	     

	
	
	3.
	identifying appropriateness of vascular testing orders; and.
	     
	     

	
	
	4.
	inspecting laboratory equipment for safety hazards.
	     
	     



